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Ab stract: Tec tonic re search and mor pho log i cal ob ser va tions were car ried out in six caves (Kalacka, Goryczkowa, 
Kasprowa Ni¿na, Kasprowa Œrednia, Kasprowa Wy¿nia and Magurska) in the Bystra Val ley, in the Tatra Moun -
tains. There are three cave lev els, with the youn gest ac tive and the other two in ac tive, re flect ing de vel op ment
partly un der epiphreatic and partly un der phreatic con di tions. These stud ies dem on strate strong con trol of the cave 
pat tern by tec tonic fea tures, in clud ing faults and re lated frac tures that orig i nated or were re ju ve nated dur ing up lift, 
last ing from the Late Mio cene. In a few lo cal cases, the cave pas sages are guided by the com bined in flu ence of
bed ding, joints and frac tures in the hinge zone of a chev ron anticline. That these cave pas sages are guided by
tec tonic struc tures, ir re spec tive of lithological dif fer ences, in di cates that these proto-con duits were formed by
“tec tonic in cep tion”. Dif fer ences in the cave pat tern be tween the phreatic and epiphreatic zones at a given cave
level may be a re sult of mas sif re lax ation. Be low the bot tom of the val ley, the ef fect of stress on the rock mass is
re lated to the re gional stress field and only in di vid ual faults ex tend be low the bot tom of the val ley. Thus in the
phreatic zone, the flow is fo cused and a sin gle con duit be comes en larged. The lo cal ex ten sion is more in tense in
the epiphreatic zone above the val ley floor and more frac tures have been suf fi ciently ex tended to al low wa ter to
flow. The wa ter mi grates along a net work of fis sures and a maze could be form ing. Neotectonic dis place ments (of
up to 15 cm), which are more re cent than the pas sages, were also iden ti fied in the caves. Neotectonic ac tiv ity is no
lon ger be lieved to have as great an im pact on cave mor phol ogy as pre vi ously was thought. Those faults with
dis place ments of sev eral metres, de scribed as youn ger than the cave by other au thors, should be re clas si fied as
older faults, the sur faces of which have been ex posed by speleogenesis. The pos si ble pres ence of neotectonic
faults with greater dis place ments is not ex cluded, but they would have had a much greater mor pho log i cal im pact
than the ob served fea tures sug gest.
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IN TRO DUC TION

The re la tion ship be tween tec ton ics and cave-sys tem de -
vel op ment has been in ves ti gated by sev eral au thors, e.g.
Ford and Ew ers (1978), Palmer (1991), Klimchouk and
Ford (2000), Tognini and Bini (2001), Faulk ner (2006) and
Sauro et al. (2013). This relation ship has also been in ves ti -
gated in the Tatra Mts. (e.g., Grodzicki, 1970; Szczygie³ and 
Gaidzik, 2012; Szczygie³, 2013). In the Bystra Val ley, how -
ever, this type of re search has only been con ducted in Ma-
gurska Cave (Hercman, 1989). The cur rent state of knowl -
edge about tec tonic con trols is gen er ally ad e quate, al though 
this topic pre vi ously has not been in ves ti gated thor oughly in 
the Tatra karst sys tems. More over, in ves ti ga tions re cently
have been con ducted on cave de vel op ment and its de pend -

ence on re charge and ver ti cal move ment (Audra and
Palmer, 2013; Gabrovsek et al., 2014). These stud ies show
that, apart from the ge om e try of the struc ture, the dy nam ics
of the tec tonic/morphotectonic pro cesses have a sig nif i cant
im pact on the con di tions, un der which cave pas sages are
formed and there fore af fect con duit mor phol ogy and vari a -
tion in ver ti cal and hor i zon tal cave pat terns.

This pa per fo cuses on the struc tural con trol of cave pas -
sages and at tempts to de ter mine the im pact of neotectonic
pro cesses on pas sage mor phol ogy and gen eral cave pat tern.
The study area cov ers the cave sys tem of six caves in the
Bystra Val ley in the Pol ish Tatra Mts. These are, from west
to east, Kalacka, Goryczkowa, Kasprowa Ni¿na, Kasprowa



Œrednia, Kasprowa Wy¿nia and Magurska caves. These
were se lected from the 62 known caves in the area (Gro-
dzicki, 2002). The caves are lon ger than 50 m and are ac ces -
si ble with out div ing.

STUDY AREA

Geo log i cal set ting

The Tatra Mts. are the north ern most range of the Cen tral
West ern Carpathians. They are com posed of a pre-al pine cry- 
stalline base ment over lain by an autochthonous sed i men tary
cov er ing, the High-Tatric Nappe (Czerwone Wierchy Unit,
Giewont Unit) and the Sub-Tatric nappes (Krížna and Choè
nappes; Bac-Moszaszwili et al., 1979; Fig. 1A). The Bystra
Val ley is lo cated in the north-cen tral part of the Tatra Mts.
(Fig. 1A). The Bystra Val ley caves were formed in Me so zoic
lime stones of the Giewont Unit (Kotañski, 1959; Fig. 1B).

The Giewont Unit con sists of a Me so zoic suc ces sion,
the lower part of which con tains Lower Tri as sic quartzitic
sand stones, claystones, marly dolomites and lime stones
(Michalik, 1958). These de pos its are cov ered by partly bio-
turbated lime stones, bed ded dolomites, and dolomitic lime-
stones of Mid dle Tri as sic age (Jaglarz and Rychliñski, 2010). 

The Mid dle Ju ras sic, over lies the Mid dle Tri as sic penacor-
dantly, and is rep re sented by crinoidal lime stones (Smole-
gowa Fm, Bajocian; Lefeld et al., 1985; £uczyñski, 2002)
and red, nod u lar lime stones (Krupianka Fm, Bathonian; Le-
feld et al., 1985; £uczyñski, 2002). Pink ish lime stones (at
the bot tom) and mostly grey, thick-bed ded lime stones (Rap- 
tawicka Turnia Lime stone Fm; Lefeld et al., 1985) rep re -
sent the Up per Ju ras sic to Lower Cre ta ceous (Hauterivian).
Fur ther up the pro file, the Wysoka Turnia Lime stone Fm
(Lefeld et al., 1985) oc curs, which con tains shal low plat form
lime stones that are Late Barremian–Early Aptian in age (Ma- 
sse and Uchman, 1997). At the top of the car bon ate se quence, 
the Zabijak Marl Fm of Albian–Cenomanian age con sists of
glauconitic lime stone, grey and pink ish lime stone, and marls
with sand stone interbeds (Lefeld et al., 1985).

The units of the High-Tatric suc ces sion are char ac ter ized 
by E–W-trending and nar row, north ward-dip ping belts, in
which car bon ate rocks are sep a rated by non-karstic rocks.
The Giewont Unit is in the north ern belt. River val leys run
per pen dic u lar to the karstic belt. This has made a vauclusian 
spring drain the neigh bour ing val leys (G³azek, 1997). The
north ern belt also com prises crys tal line rocks in the lower
part of the Giewont Unit, i.e. the “Goryczkowa Is land”,
which were de tached from the crys tal line base ment dur ing
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Fig. 1. Lo ca tion of study area. A. Main tec tonic units of the Tatra Mts. (af ter Bac-Moszaszwili et al., 1979). B. Sur face geo log i cal set -
ting of study area (Michalik, 1958; Guzik and Jaczynowska, 1978; mod i fied); K – Kalacka Cave; B – Bystra Cave; G – Goryczkowa
Cave; KN – Kasprowa Ni¿nia Cave; KS – Kasprowa Œrednia Cave; KW – Kasprowa Wy¿nia Cave; M – Magurska Cave; on back ground
of shaded dig i tal el e va tion model, az i muth and dip the light ing re spec tively 90° and 60°.



fold ing (Burchart, 1970). This dis tin guishes it from other
units. The tec tonic out li ers of crys tal line rocks are the wes -
tern most part of the Giewont Unit. They are found in the up -
per parts of the Czerwone Wierchy Mas sif (Kotañski, 1961).

The whole sed i men tary rock pro file of the Giewont
Unit oc curs in a nor mal po si tion in the Giewont area (Ra-
bowski, 1959; Kotañski, 1961). Fur ther to the east, the ge ol -
ogy of the Kalacka Turnia is anal o gous to that of the My-
œlenickie Turnie and the Zawrat Kasprowy, which was in -
ter preted by Rabowski (1959) and Kotañski (1961) as an
anticline. This anticline is the low er most fold of the Gie-
wont Unit (Kotañski, 1961; Bac-Moszaszwili et al., 1979),
as con firmed by ob ser va tions made in Bystra Cave (Gro-
dzicki and Kardaœ, 1989). An other sec ond ary fold, a syn-
cline, was doc u mented in the Myœlenickie Turnie (Bac-Mo-
szaszwili et al., 1979) and the Zawrat Kasprowy, the hinge
zone of which can be ob served in Magurska Cave (Herc-
man, 1989). The pres ent re lief of the moun tain is a re sult of
up lift that be gan dur ing the Mio cene at 15 Ma (Burchart,
1972; Králiková et al., 2014). The Tatra Mts. were gla ci ated 
sev eral times dur ing the Pleis to cene (Lindner et al., 2003).

Speleological set ting

Sixty two caves have been mapped in the Bystra Val ley. 
The deep est and lon gest caves are Kasprowa Ni¿na, Ka-
sprowa Œrednia, Kasprowa Wy¿nia, Bystra, Magurska, Ka-
lacka and Goryczkowa (Grodzicki, 2002). Most of the ca-
ves in this val ley are hor i zon tal sys tems, lo cated at dif fer ent
heights above the val ley bot tom. Magurska Cave is sit u ated
in the Kopa Magury–Zawrat Kasprowy Mas sif (Fig. 1B).
The cave has two en trances, one at 1460 m a.s.l and the
other at ca. 1475 m a.s.l. (about 150–200 m above the val ley 
bot tom). The to tal length and denivelation of this cave are
about 1200 m and 59 m re spec tively (Nowicki, 2000). Ka-
sprowa Ni¿na (denivelation: 45 m; length: 3020 m; Luty,
2002) is sit u ated in the Zawrat Kasprowy Mas sif at the low -
est level of the Kasprowa Val ley (1228 m a.s.l.; Fig. 1B).
The cave is still ac tive. Kasprowa Œrednia Cave (denivela-
tion: 53 m; length: 150 m; Luty, 2000b) and Kasprowa
Wy¿nia Cave (denivelation: 24.7 m; length: 100 m; Luty,
1979; Fig. 1B) are at higher al ti tudes in the val ley. Kaspro-
wa Œrednia Cave is lo cated about. 150 m above the low est
level (1407 m a.s.l.) and Kasprowa Wy¿nia Cave has three
en trances – at 165, 159 and 140 m (1463, 1467 and 1438 m
a.s.l. re spec tively). Goryczkowa Cave (depth: 31 m; length:
605 m; Dudziñski, 2013) is lo cated in the Myœlenickie
Turnie Mas sif about 50 m above the val ley bot tom (1263 m
a.s.l.). The en trance is on the east ern slope of the Gorycz-
kowa Val ley (Dudziñski, 2013; Fig. 1B). Kalacka Cave (de- 
nivelation: 19 m; length: 345 m; 1230 m a.s.l.; Luty, 2000a;
Fig. 1B) and Bystra Cave (denivelation: 53 m; length: 1480
m; 1182 and 1190 m a.s.l.; Grodzicki, 2002). Bystra Cave is 
the sec ond lon gest cave in the Bystra Val ley and is still ac -
tive. The karst phe nom ena in the Bystra Val ley oc cur only
in the W–E ex tend ing car bon ate rocks (Fig. 1B). The Bystra 
catch ment is big ger than the Bystra Val ley, as a re sult of
groundwa ter flow ing from neigh bour ing val leys to two
springs with as cend ing out flow. The con nec tion be tween a
sink hole in the Sucha Woda Val ley and the Goryczkowe va- 

uclusian spring has been con firmed by trac ing un der ground
wa ter (D¹browski and G³azek, 1968; Pachla and ¯aczkie-
wicz, 1986; Barczyk, 2003). The other Bystra vauclusian
springs prob a bly drains the east ern part of the Kopa Kon-
dracka and Giewont mas sifs (Barczyk, 2003).

Magurska Cave rep re sents the high est level of the cave
con duits ex plored in the val ley. This cave is sit u ated in the
dome-shaped Kopa Magury-Zawrat Kasprowy Mas sif and
is con sid ered to be one of the old est in the Tatra Moun tains.
The an tiq uity of Magurska Cave is pred i cated on the height
of the pas sages above the val ley bot tom (un der the plana-
tion palaeosurface) and the spa cious ness of the cham bers in
the near-en trance part. The lat ter is the re sult of long-term
palaeoflow in warm and wet cli ma tic con di tions dur ing the
Plio cene Ep och (Hercman, 1991). Ac cord ing to Hercman
(1986, 1991), there might have been two in de pend ent caves
dur ing this time and they could have been con nected via the
Z³omisk Cham ber af ter the break down of the in ter ven ing
rocks. This must have hap pened be fore the Eemian Inter gla -
cial, as es ti mated from the age of speleothems cov ered this
break down (Hercman, 1991).

The lon gest cave in the Bystra Val ley is Kasprowa
Ni¿na (3020 m). The com po si tion of the cave de pos its in di -
cates that the palaeotransport di rec tion is from the Sucha
Woda Val ley (Hercman, 1986; Kiciñska, 2002). The for ma -
tion of Kasprowa Ni¿na Cave caused un der ground wa ter
cap ture from the Sucha Woda Val ley to the Kasprowa Val -
ley, i.e. the palaeoflow di rec tion was al tered. The palaeo-
flow di rec tion was orig i nally from the Sucha Woda Val ley
to the Jaworzynka Val ley (Hercman, 1991). Later, be cause
of the deep en ing of the Bystra Val ley, Kasprowa Ni¿na
dried up and the Goryczkowe vauclusian spring be gan to
form. The min i mum age of the Goryczkowe spring is about
180 ka (Hercman, 1991). The age of the speleothems at
Kasprowa Ni¿na proves that the cave pre dates the Eemian
Inter gla cial and that it passed into the vadose zone no later
than this time.

Goryczkowa and Kalacka caves are con sid ered by Rud- 
nicki (1967) and Wójcik (1966, 1968) to be older coun ter -
parts of the Goryczkowe and Bystra vauclusian springs, re -
spec tively. Two di rec tions of palaeoflow have been ob -
served in these caves. This was con firmed by the ob ser va -
tion of cor ro sive forms (scal lops) in the near-en trance parts
(Kiciñska, 2002). At this time, Goryczkowa and Kalacka
caves were filled by sed i ments sup plied by the palaeoflow
from melt ing gla ciers. These caves also con tain de pos its
trans ported from blurred mo raines. One of the flowstone
rem nants cov er ing these de pos its is dated at about 165 ka
(Hercman, 1991). This proves that these caves were in the
vadose zone dur ing this time. The dat ing of the speleothems 
in these caves in di cates that gla cial-val ley deep en ing did
not play a sig nif i cant role and did not deepen them by more
than 100 m (Hercman, 1991).

Wójcik (1968) dis tin guished eleven lev els us ing the
wa ter-ta ble the ory, de vel oped by Swinnerton (1932). These
lev els were as signed ac cord ing to en trance height above the
bot tom of each dis tinc tive val ley. The cave con duits known
in the Bystra Val ley caves be long to lev els I (Bystra, Ka-
sprowa Ni¿na), II (Bystra, Goryczkowa, Kasprowa Ni¿na),
IV (Kalacka) and V (Magurska).
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METH OD OL OGY AND MA TE RI ALS

Field work was con ducted at more than a hun dred sites
in six caves in the Bystra Val ley. The ac ces si bil ity of a
given cave gov erned the tim ing of the field work and the
num ber of points stud ied in the cave. The ob ser va tion points 
were cho sen in or der to cover the en tire cave sta tis ti cally,
with the ex cep tion of Magurska and Kasprowa Ni¿na caves. 
The ar eas to the SE of the Rycerska Cham ber in Kasprowa
Ni¿na Cave were not stud ied be cause of the pres ence of the
Wisz¹cy Sump. Only the east ern most part of Magurska
Cave, viz. the Stalaktytowy Pas sage, was ex cluded, as the
sump had been filled in by cave sed i ments. More than 1500
mea sure ments of the spa tial ori en ta tion of geo log i cal struc -
tures (bed ding, frac tures, and meso-faults with ac com pa ny -
ing shear fibres and striations) were taken. Sta tis ti cal meth -
ods were ap plied to all the gath ered tec tonic data. The ori en -
ta tions were sum ma rized as struc tural di a grams (great cir -
cles and con tour den sity). These were made in equal-area
Lam bert-Schmidt pro jec tions on the lower hemi sphere, us ing 
SpheriStat soft ware. Rose di a grams – il lus trat ing the strike
directions and dip an gles of the struc tures stud ied – were
drawn, us ing TectonicsFP soft ware. Angelier di a grams were
made for fault slip data, again, us ing TectonicsFP soft ware.

In or der to study the sta tis ti cal and gen eral re la tion ships 
be tween the tec tonic struc tures and the de vel op ment of the
cave net work, the tec tonic di a grams were com pared with
the struc tural plans of each cave and with rose di a grams
show ing the dis tri bu tion of con duit di rec tions. The rose di a -
grams are a com pi la tion of con duit di rec tions weighted by
length (Filliponi et al., 2009). If the con tour di a grams are
pre sented, then the rose di a grams are not nec es sary. Rose

di a grams, how ever, better cor re late tec tonic struc tures with
pas sage di rec tions on plans and di a grams. This al lows the
guid ing frac ture, i.e. the frac ture that had the most sig nif i -
cant im pact on the cave pat tern and di rec tions, to be de ter -
mined. Guid ing frac tures do not al ways co in cide with the
mas ter joints, which are the most com mon frac tures in the
bed rock.

TEC TONIC SET TING OF THE STUD IED
CAVES

Kalacka Cave

Kalacka Cave de vel oped within the thin-bed ded lime -
stone and do lo mite of the Mid dle Tri as sic and the mas sive
lime stone of the Raptawicka Turnia Fm. The lime stone ob -
served in the cave was strongly frac tured and faulted, es pe -
cially in the cen tral and near-en trance sec tions. Pre dom i -
nant among the brit tle fea tures in the cave are joints strik ing
NE–SW (lo cally also ENE–WSW), dip ping steeply and
very steeply to wards the SE, but much more rarely to wards
the op po site di rec tion, i.e. NW (Fig. 2). The joints in this set 
rep re sent the main max i mum on the sta tis ti cal sum mary fra- 
ctures con tour di a gram (Fig. 2) and gen er ally form dense
groups that are very clearly marked and have large, smooth,
flat sur faces. Sig nif i cantly, they dom i nate in the cen tral
parts of the cave, but not so much in sec tions closer to the
en trance. Wher ever these joints still dom i nate in the ter mi nal
unit, they do so with lit tle change in strike in the NNE–SSW
di rec tion. More over NW–SE or WNW–ESE frac tures, dip -
ping mainly to wards the NE, were ob served ev ery where in
the cave as the sec ond ary set faintly vis i ble on the con tour di -
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Fig. 2. Spa tial ori en ta tion (con tour den sity and rose di a grams) of frac tures in se lected caves in the Bystra Val ley.



a gram. In gen eral, steep, very steep and ver ti cal frac tures do-
minate. Frac tures with a dip an gle greater than 70°  con sti tute 
more than 40% of all mea sured frac ture sur faces (Fig. 2).
Nor mal right-lat eral and left-lat eral strike-slip faults and
oblique faults could be ob served in Kalacka Cave. These
strike NE–SW and ENE–WSW, and dip mostly at mod er ate 
an gles to wards the SE (Fig. 3). The most com mon tec tonic
striation (over a quar ter of the mea sured tec tonic striations
dip at an gles be tween 40°  and 50°; Fig. 3) had a slight de -
flec tion to wards the E or S. Slickenside ori en ta tion is there -
fore usu ally con sis tent with the dip ping of the fault plane or
in sig nif i cantly oblique. Also ob served in the cen tral parts
and in sec tions close to the en trance were steep faults, strik -
ing NW–SE (al most per pen dic u lar to the main set of faults), 
and N–S ver ti cal faults, where the east ern wall was rel a -
tively el e vated.

More over, nor mal meso-faults ac tive af ter the de vel op -
ment of the cave were ob served. Two strik ing W–E were
ob served in the Rozsuniêta Cham ber and in a high fis sure
be hind the Rozsuniêta Cham ber, and a third with a NW–SE
strike was iden ti fied be tween sumps I and II.

Goryczkowa Cave

This cave was formed in the Mid dle Tri as sic lime stone
and do lo mite as well as the lime stone of the Raptawicka
Turnia Fm. The WNW–ESE, NW–SE strik ing of beds, dip -
ping mod er ately to wards the NNE and NE, is only no tice -
able in the ar eas close to the en trance of the cave.

The lime stone and do lo mite frac tures in the cave are
mainly char ac ter ized by ver ti cal or very steep dip ping sur -
faces (Fig. 2). Frac tures dip ping at mod er ate an gles are less
com mon and subhorizontal an gles are vir tu ally non ex is tent. 
Those dip ping at an gles of 25–30° to wards the NE, how -
ever, com prise the high est den sity on the frac tures con tour
plot–main max i mum. These are nor mal to the bed ding and
kathetal joints. The most com mon steeply dip ping frac tures
on the con tour and rose di a grams form two dis tinct sets. The 
first set is rep re sented by joints strik ing in the same di rec -
tion as the main max i mum (NW–SE), but dip ping much
more steeply in the op po site di rec tion (SW). These are per -
pen dic u lar to the bed ding. The sec ond set is much more dif -
fer en ti ated and gen er ally formed by N–S fea tures, with
NE–SW strikes that usu ally dip steeply to wards the E and
ESE (Fig. 2). The three main sets of joints form an or thogo -
nal sys tem.

As is the case with frac tures, steep and very steep faults
pre dom i nate (Fig. 3). These mainly have N–S strikes and dip
east ward. Most of them ex hibit biphasic ac tiv ity, with the
nor mal sense of dip-slip dis place ment as the youn ger. They
were orig i nally formed as strike-slip or oblique-slip faults
with a mi nor dip-slip com po nent. Nor mal and strike-slip
faults also dom i nate with only one gen er a tion of tec tonic
striation ob served on fault planes. Nor mal faults of the same
strike, but op po site dip di rec tion, are far less fre quent. These
faults were most prob a bly re ac ti vated dur ing W–E ex ten sion. 
Faults that were gently and mod er ately in clined to wards the
NNE, strik ing WNW–ESE, par al lel with the bed ding, were
also iden ti fied. These were most prob a bly formed dur ing the
flex ural slip, con nected with the thrust ing pro cesses in the

N–S con trac tion. Nor mal faults per pen dic u lar to the bed ding, 
steeply dip ping to wards the SW, were doc u mented too.

Kasprowa Ni¿na Cave

Kasprowa Ni¿na Cave was de vel oped in the lime stone of 
the Raptawicka Turnia Fm. Very steep W–E and WSW– ENE
frac tures, dip ping to wards the S and N, dom i nate (Fig. 2).
These are rep re sented by wide, smooth, straight sur faces,
which of ten form dis tinct and very dense sets with 10-cm
spacing in ter vals. They are usu ally ac com pa nied by NW–SE
strik ing frac tures which jointly de fine rhomboidal sys tems.
This sort of pat tern is very com mon and was of ten found in
the parts of the cave stud ied. Hor i zon tal and mod er ately dip -
ping frac tures are very sparse, and do not gen er ally form
clearly sep a rated sets.

Faults strik ing WNW–ESE and NNE–SSW form two
main sets of faults in the cave (Fig. 3). These two groups of
faults are char ac ter ized by very steep fault planes, a nor mal
sense of dis place ment and up to 50 cm thick tec tonic brec cia 
zone. The sense of the rel a tive dis place ments was determi-
ned on the ba sis of the low-an gle syn thetic Riedel shears
(Riedel, 1929; Bart lett et al., 1981) that were ob served mainly
in the hang ing wall. Re verse faults were only ob served oc ca -
sion ally, e.g. in the Cham ber with the hang ing lake.
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Fig. 3. Spa tial ori en ta tion (Angelier di a grams) of meso-faults
within se lected caves in the Bystra Val ley.



Kasprowa Œrednia Cave

Kasprowa Œrednia Cave de vel oped within the Rapta-
wicka Turnia Fm. The lat eral vari abil ity of the frac tures on
the con tour di a gram ex hib its a rather uni form dis tri bu tion
(Fig. 2). Frac tures strik ing WNW–ESE, dip ping mod er ately 
to wards the NNE, or more rarely, steeply to wards the SSW,
are the most com mon. How ever, steep and very steep frac -
tures with a SW–NE strike oc cur al most as fre quently.
Steep frac tures, ori ented NW–SE, were also ob served. Only 
three stri ated fault planes were ob served (Fig. 3). The steep
oblique-slip (nor mal-sinistral) dis lo ca tion, strik ing WNW–
ESE and dip ping to wards the NNE, is prob a bly of a higher
rank. The other mea sured mi nor faults are most prob a bly
fea tures that are re lated to the main fault zone and cor re -
spond to low-an gle syn thetic Riedel shears (Riedel, 1929;
Bart lett et al., 1981).

Kasprowa Wy¿nia Cave

This cave de vel oped within the lime stone of the Rapta-
wicka Turnia Fm. As is the case with Kasprowa Œnie¿na
Cave, which is sit u ated higher, frac tures strik ing NE–SW
and ENE–WNW pre dom i nate and those ori ented NW–SE
and NNW–SSE are much less com mon (Fig. 2). The first set 
of frac tures mainly dip steeply (about 60°) to wards the SE,
and rarely, very steeply to wards the SE and NW. They are
per pen dic u lar to the main thrust di rec tion and par al lel to the
wall ori en ta tion of the Zawrat Kasprowy Mas sif. This sug -
gests their re lax ing na ture or at least later open ing. Very
steep frac tures that strike NNE–SSW and NNW–SSE, dip -
ping to wards both di rec tions, are also fre quent.

Ow ing to the small size of Kasprowa Wy¿nia Cave,
only three faults on stri ated fault planes were ob served and
mea sured. Two are par al lel to the con ju gate N–S frac ture
sets (Fig. 3). The di rec tion and sense of the rel a tive displa-
ce ments, which were re corded on the ba sis of ob served
striations and Riedel shears (Riedel, 1929; Bart lett et al.,
1981), seem to prove that they are com ple men tary and
formed un der N–S con trac tion. The third is a ver ti cal fault
strik ing ENE–WSW, i.e. par al lel to the main frac ture set.
Dextral oblique-slip dis place ment was con firmed on the ba -
sis of the ori en ta tion of the tec tonic striations and the high
den sity of the set of Riedel shears (spac ing of up to 3 cm
near the fault plane).

Magurska Cave

Magurska Cave was formed in Mid dle Tri as sic lime -
stone and do lo mite, Mid dle Ju ras sic lime stone, and the
lime stone of the Raptawicka Turnia Fm. The vari abil ity of
the spa tial ori en ta tion of the frac tures ob served in the cave
in di cates a pro nounced dom i nance of frac tures dip ping
steeply and very steeply in an east erly di rec tion (from the
NE to the SE; Fig. 2). Only a small part of the data is lo cated 
on the op po site side of the con tour di a gram, which shows
frac tures that are al most ver ti cal and dip to wards the W and
NW. Steep frac tures like these dom i nate the to tal frac ture
pop u la tion. Frac tures dip ping at an gles of more than 80°
rep re sent nearly 1/3 of all mea sured frac ture sur faces. Joints 

strik ing NNE–SSW dom i nate in side the cave. These dip very 
steeply to wards the W and E, and rep re sent the main max i -
mum on the sta tis ti cal con tour di a gram (Fig. 2). There are
also sec ond ary joints strik ing NE–SW. These are most com -
monly steep and very steep, and dip to wards the SE. These
two sets were ob served with a sim i lar fre quency from ev ery
ob ser va tion point in the cave. They form rel a tively dense sets 
with spac ing of a few centi metres and of ten pro duce wide,
smooth straight sur faces. Frac tures that do not form wide
planes, strike be tween WNW–ESE and NNW–SSE, and
mostly dip steeply to wards the NE are much less com mon.

The vari abil ity of the spa tial ori en ta tion of the ob served 
faults is such that they strike in al most ev ery di rec tion, ex -
cept W–E and NNW–SSE (Fig. 3). The most com mon fea -
tures are near ver ti cal, very steep (nearly 1/3 of all fault-slip
data) and mod er ately dip ping nor mal and oblique-slip faults 
with a nor mal sense of dis place ment of the dom i nant dip-
slip com po nent, and which strike  40–50°, 0–10° and 330–
340°. No faults dip ping at less than 20° were ob served.

LO CAL TEC TON ICS FROM CAVE DATA
VS. RE GIONAL TEC TON ICS

Struc tural stud ies of the lower part of Bystra Val ley are
dif fi cult, mainly be cause of the Qua ter nary sed i ments that
cover most of the val ley bot tom and slopes, but also be cause 
of the poor pres er va tion of slick en sides in the car bon ate
rocks. Me so zoic rocks can al most only be ob served in situ
on cliffs. In caves, how ever, tec tonic struc tures are well pre -
served and more clearly ex posed as a re sult of hav ing been
dis sected and eroded by wa ter flow. This makes caves
“good out crops” for struc tural stud ies.

Com par ing the frac ture net works of the five do mains
(Kasprowa Wy¿nia and Œrednia are treated as a sin gle do -
main) gives qual i ta tively sim i lar re sults. From the Kopa
Magura to the Kalacka Turnia mas sifs, NW- and SE-strik -
ing frac tures dom i nate, as do N- and ENE-strik ing frac tures, 
al beit to a much smaller ex tent.

A com par i son of the ob served faults in these do mains
(Fig. 4) re veals a more di verse re sult. From the Kopa Ma-
gura to the Myœlenickie Turnie mas sifs, the dom i nant faults
trend NNE–SSW and WNW–ESE, and slightly less com -
monly, NW–SE. These di rec tions dif fer sig nif i cantly from
those in Kalacka Cave, where the pre dom i nant faults trend
NW–SE and are sub-par al lel. Faults also trend other di rec -
tions in Kalacka Cave, but there are no NNE–SSW dis lo ca -
tions pre vail ing on the east ern side of the val ley.

All the caves in ves ti gated are lo cated in a se ries of folds 
in the Giewont Unit, which has a uni form style of fold ing
(Rabowski, 1959; Kotañski, 1961; Grodzicki and Kardaœ,
1989). The dif fer ences in the fault strike di rec tions on the
two sides of the val ley be tween the Kalacka Turnia and
Myœlenickie Turnie mas sifs may con firm the pres ence of a
fault at the bot tom of the Bystra Val ley (Fig. 4). This the sis
has al ready been pos tu lated by Goetel and Soko³owski
(1930) but should be ver i fied by tar geted re search in caves
and on the sur face on both sides of the val ley. The bot tom of 
the val ley is cov ered by Qua ter nary sed i ments, which pre -
vent di rect ver i fi ca tion.
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RE LA TION SHIP BE TWEEN TEC TON ICS
AND CAVE DE VEL OP MENT

Struc tural guid ance for cave pat terns

Most pas sages in Kalacka Cave were formed on W–E
and NE–SW faults (Fig. 5A). De spite the pau city of N–S
struc tures, how ever, some parts of the cave are ori ented N–S. 
There are also gently dip ping W–E struc tures. It is there fore
prob a ble that the wa ter flowed in the dip di rec tion of gently
in clined faults and that the pas sage di rec tions are re lated to
steep frac tures. Most of the guid ing faults orig i nated at the
ex ten sion stage, or were ini ti ated at an older com pres sion
stage (Pannonian or older; Vojtko et al., 2010; Králiková et
al., 2014) and re ju ve nated at the ex ten sion stage (late Mio -
cene–re cent; Burchart, 1972; Vojtko et al., 2010; Králiková
et al., 2014). They are man i fested by steep nor mal faults.

Three WNW–ESE main con duits and many linked N–S 
and NE–SW pas sages can be ob served in the plan view of
Goryczkowa Cave (Fig. 5B). North ern and south ern con -
duits ori ented WNW–ESE are guided by faults over long
dis tances. The con duit at the mid dle of the cave is strictly
re lated to the strike of the bed ding and the mas ter joints
(NW–SE). The pas sages link ing these three con duits were
guided by joints and mi nor faults. The main hall (Fig. 5) is
prob a bly the bot tom of an “hour glass-shaped” sink hole,
which is lo cated in this area be cause of the high den sity of
the fault net work.

The cave pat tern is a 3-D anastomotic maze. It is dif fi -
cult to say which struc tures are es pe cially fa vour able for
karstification, as most of the frac tures and faults have a sim -
i lar strike (Figs 2, 3). The pas sages are clearly ori ented
along the dis con ti nu ities, but no where in the cave tec tonic
fea tures dom i nate over dis so lu tion ones. The mor phol ogy is 
mostly palaeophreatic. Break downs are purely lo cal and
just in the main cham ber could be cor re lated with neotecto-
nic move ments. 

The pat tern of Kasprowa Ni¿na Cave is strongly re lated 
to dis con ti nu ities. Extensional fault zones with brec cia and
dense Riedel shears (Fig. 6E) rep re sent guid ing struc tures,
char ac ter iz ing the most com mon pas sages ori ented WNW–
ESE (Fig. 7A) and pro vid ing path ways for wa ter mi gra tion.
Short, but reg u lar con duits ori en tated NNE–SSW are gui-
ded by steep faults through out the cave. Im por tantly, these
faults were formed un der N–S con trac tion, as were the
faults in the short pas sages in Goryczkowa Cave. Other pas -
sages are guided mainly by joints.

In Kasprowa Œrednia Cave, the main cham ber and the
pas sage lead ing to the bot tom are guided by a steep exten-
sional fault that strikes WNW–ESE and dips to wards the
NNE. The pas sages in the up per part are re lated to joints
(Fig. 7B). There are no vadose fea tures in the cave; even the 
shaft is el lip soi dal in cross-sec tion. This sug gests that this
cave could be a relic of the palaeophreatic level, which was
dis sected by gla cial ero sion.

The pas sages lead ing to the main cham ber of Kasprowa 
Wy¿nia Cave are guided by W–E joints. The main cham ber
was de vel oped on the base of con ju gate nor mal faults (Fig.
7B). The most im por tant of these is a ver ti cal NW–SE fault
with many ac com pa ny ing X shears (sensu Riedel–Skem-
pton shears; Bart lett et al., 1981). On the east side of the
chamber, there is a fault strik ing per pen dic u lar to the elon ga -
tion of the hall. This fault might have been a bar rier to karsti-
fication, as the cham ber is much smaller on its east ern side.

Magurska Cave, as dem on strated by Hercman (1989),
is lo cated in the hinge zone of a chev ron anticline. The strata 
here there fore have been sub jected to spe cific de for ma tion.
Within folded rocks, the high est com pres sion zone (lo cated
closer to the core) and the lo cal ex ten sion zone (lo cated in
the outer zone) can be dis tin guished. These zones are sep a -
rated by a neu tral sur face (Ramsay and Huber, 1987). In the
hinge zone, more struc tures have been formed and the bed -
ding part ings have been opened to guide wa ter mi gra tion
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Fig. 4. Shaded dig i tal el e va tion model of the Bystra Val ley in clud ing caves stud ied; ro sette di a gram shows the strike of faults doc u -
mented in in di vid ual caves with the ex cep tion of Kasprowa Wy¿nia and Œrednia, for which one di a gram was made; dot ted black line in di -
cates a po ten tial course of the fault in bot tom of val ley.



(Hercman, 1989). The lo ca tion of the Wstêpna Cham ber
(Fig. 8), one of the larg est rooms in the Tatra caves, in the
hinge zone of this chev ron fold, con firms the as ser tion by
Szczygie³ (2013), re gard ing the re la tion ship be tween the
fold ge om e try and the de vel op ment of vo lu mi nous karstic

voids. The Wstêpna Cham ber in Magurska Cave has evol-
ved mainly as a re sult of break downs, prob a bly from a net -
work of palaeophreatic gal ler ies. The cham bers de scribed
by Szczygie³ (2013) in other caves in the Tatra Mts. de vel -
oped in vadose con di tions. The de vel op ment of anal o gous
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Fig. 5. Struc tural mea sure ments in Kalacka and Goryczkowa Caves. A. Kalacka Cave. B. Goryczkowa Cave; blue ro sette di a grams
show the strike of frac tures (joints) at the mea sure ment sta tions; great cir cles rep re sent lower-hemi sphere ste reo graphic pro jec tion of frac -
tures; gray ro sette di a gram shows the con duit di rec tion weighted by their length; 1 – Za Przekopem Cham ber; 2 – Sump 2; 3 – Sump 1; 4 –
Rozsuniêta Cham ber; 5 – Main Cham ber; 6 – fault youn ger then pas sage (Fig. 6C).



forms in sim i lar geo log i cal set tings, al though from the orig -
i nal palaeophreatic morphologies, ad di tion ally may con firm 
Szczygie³’s (2013) con clu sion that “Large cham bers have
been formed in the hinge zones of the chev ron folds (...).
The rel a tively large con cen tra tion of de for ma tion over
small ver ti cal dis tances in duces the de vel op ment of forms
with sim i lar hor i zon tal and ver ti cal di men sions (…)”. 

Magurska Cave pas sages are guided by faults and frac -
tures ori ented N–S, NE–SW and NNW–SSE. The di a grams
of the pas sage di rec tions (Fig. 8) are clearly cor re lated with
the fault net work di a grams (Fig. 3). This tes ti fies to a strong 
re la tion ship be tween cave de vel op ment and tec tonic struc -
tures. The palaeophreatic mor phol ogy of these pas sages has 
been oblit er ated by break downs, due to a dense net work of
dis con ti nu ities (Fig. 6F). It is also pos si ble that palaeo-
phreatic mor phol ogy did not de velop, be cause the frag ile
walls and ceil ing were partly eroded by wa ter flux. Herc-
man (1986) and Kiciñska (2002) iden ti fied two palaeoflow
di rec tions in Magurska Cave. More over, their ve loc i ties and 
dis charges were higher than those in the phreatic zone in the 
Bystra Val ley. Magurska Cave is one of the old est known
caves in the Tatra Mts. (Hercman, 1991). This may in di cate
that the dis in te grated rocks were me chan i cally eroded, and
that the cave evolved over a long pe riod af ter it had dried-
out. It is also highly likely that the orig i nal shape of the cave 
has been re mod elled by break downs and the flood ing that
oc curred dur ing the later phases of deglaciation. The W–E
sec tions of the cave de vel oped in re la tion to bed ding planes, 
as well as partly tec tonic con tacts be tween the for ma tions
(thin-bed ded lime stone and do lo mite of the Mid dle Tri as sic, 
crinoidal lime stone of the Mid dle Ju ras sic, and mas sive
limestone of the Up per Ju ras sic; Fig. 8).

Neotectonic phe nom ena vs. cave mor phol ogy

The in flu ence of neotectonic pro cesses on the mor phol -
ogy of Magurska and Kalacka caves al ready was stud ied by
Wójcik and Zwoliñski (1959). The ob ser va tions of these au -
thors are re-ex am ined here. Wójcik and Zwoliñski (1959)
de scribe a 3-m dis place ment in the west ern end of the Roz-
suniêta Cham ber (Fig. 5A) in Kalacka Cave. In deed, there is 
a fault zone 1.5–2 m thick, where two stages of de for ma tion
can be ob served. The older striations in di cate dextral re -
verse-oblique-slip move ment, while the youn ger fea tures
suggest sinistral re verse-oblique-slip, as ev i denced by R
shears. This is con trary to the con clu sions of Wójcik and
Zwoliñski (1959), viz. that the west ern limb moved north -
ward and up ward. There are no signs of fault de for ma tion in 
the pas sage be hind the Rozsuniêta Cham ber. This in di cates
that a move ment of 3 m af ter the cave had de vel oped, as
pro posed by these au thors, was im pos si ble.

Wójcik and Zwoliñski (1959) also de scribed a horst that
de vel oped af ter the for ma tion of the cave in the Za Przeko-
pem Cham ber of Kalacka Cave. The pres ent study doc u -
ments six steep meso-faults with clear fault planes and stria-
tions in this part of the cave. There are two faults par al lel to
the lon ger axis of the cham ber, NW–SE (Fig. 6A). Two gen -
er a tions of striations were doc u mented on the sur face of one
of these faults. This in di cates at least two phases of ac tiv ity:
an older sinistral re verse-oblique-slip and a youn ger dextral

nor mal-oblique-slip (Fig. 6A). The other faults are more or
less per pen dic u lar (NW–SE) or di ag o nal to the cham ber
elon ga tion (Fig. 5). These are nor mal or oblique-slip faults
with a nor mal dip-slip com po nent. This proves the ex is tence 
of the horst, al though not ex actly as Wójcik and Zwoliñski
(1959) de scribed it. More over, these au thors did not men -
tion any thing about faults that ap pear to be youn ger struc -
tures (pres er va tion of striations, no min er al ized steps) run -
ning par al lel to the cham ber. In deed, this strongly de formed 
zone did not have any dis so lu tion fea tures on the walls. De -
spite this, the pas sages in front of and be hind the cham ber
are palaeophreatic con duits. The wa ter flow ing into this
area might have en coun tered so many pos si bil i ties for flow
di rec tions that the flow spread through the fis sures and fo -
cused again be hind the fault zones. As for in flow, the “bar -
rier”, in the form of a fault zone, where the wa ter had to
flow along by a net work of fis sures, may in di cate an in -
crease in palaeoflow ve loc ity in the Za Przekopem Cham -
ber, with in flow rang ing from 5.55 (±3.06) to 10.58 (±7.31)
and 18.83 (±5.98) and changes to out flow from the cham ber 
at 6.16 (±2.63) and fur ther 3.96 (±2.6; the speed in cms-1;
see Kiciñska, 2002). Wójcik and Zwoliñski (1959) ar gued
that the pres ence of a neotectonic dis place ment is sup ported
by the lack of phreatic mor pho log i cal fea tures in the cham -
ber. This can also be ex plained by the me chan i cal dis in te -
gra tion of rock frac tured by fault zones dur ing pe ri ods of
cave flood ing and break downs dur ing dry pe ri ods. It has to
be noted that dry pe ri ods cor re spond with gla cial pe ri ods
(Hercman, 1991, 2000; Kiciñska, 2002), when frost en -
hanced the break down of cave walls and ceil ings. The dis -
so lu tion mor phol ogy could not be pre served in these con di -
tions, nor per haps could it be de vel oped. This is be cause
new sur faces were sub jected to dis so lu tion af ter fur ther
break downs. The pres ent study con cludes that the Za Prze-
kopem Cham ber, in clud ing the horst de scribed by Wójcik
and Zwoliñski (1959), is strongly dis lo cated. The dis place -
ment along the fault sur faces noted, how ever, oc curred be -
fore the cave was formed. Wójcik and Zwoliñski (1959)
fur ther de scribed two neotectonic faults that are sim i larly
in ter preted here. The first is lo cated in the Rozsuniêta
Cham ber and dips to ward the S with a nor mal-slip dis place -
ment of ~15 cm (Fig. 6D). The sec ond used a guid ing frac -
ture in the pas sage be tween the Rozsuniêta Cham ber and
Sump I. This move ment is also nor mal-slip with a dis place -
ment of ~5 cm. Two other faults, not re ported by Wójcik
and Zwoliñski (1959; Fig. 5), were ob served be tween
Sumps I and II. The first is par al lel to that pre vi ously de -
scribed and is guided by a frac ture plane. The sec ond is per -
pen dic u lar to the pas sage and is lo cated in the area, where
the cross-sec tion of the pas sage changes from a high fis sure
to an elon gated hor i zon tal el lipse. A high cor ri dor, show ing
vis i ble relicts of palaeophreatic pipes, has de vel oped along
the W–E faults. Phreatic fea tures may have de vel oped dur -
ing an older phreatic phase of cave for ma tion (Kiciñska,
2002). Dis place ment then oc curred. Dur ing the youn ger
phreatic stage of the cave (Kiciñska, 2002), wa ter from gla -
ciers mi grated along the al ready gap ing fis sures and re mod -
elled the pas sages into a more slot ted mor phol ogy. Where
the fault is eroded, the wa ter flowed through palaeophreatic
pipes.
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There is so far no re port of dis place ment, youn ger than
the pas sages in Goryczkowa Cave. Dur ing the field stud ies,
how ever, these sorts of neotectonic dis place ments were
iden ti fied at four ob ser va tion points, all in the south ern part
of the cave. In three cases, the move ment oc curred along

faults strik ing NE–SW, and in one, WNW–ESE. All the
faults are char ac ter ized by steep sur faces and 4 cm dis place -
ments, of ten com bined with a 2–3 cm gap (Fig. 6C). All
these neotectonic dis place ments are re-ac ti vated faults
guided by fis sures. Mor pho log i cally, only a small dis place -
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Fig. 6. Se lected tec tonic fea tures from caves stud ied in the Bystra Val ley, Tatra Mts. A. Two steep fault planes par al lel to the cham ber
elon ga tion; NW part of Za Przekopem Cham ber, Kalacka Cave; B. Slickenside with two gen er a tions of striation; NW part of Za
Przekopem Cham ber, Kalacka Cave; C. Vis i ble 4-cm dis place ment caused by meso-fault youn ger than pas sage; Goryczkowa Cave, lo ca -
tion of pho tog ra phy on Fig. 5B; D. Clearly seen ~15-cm dis place ment gen er ated by meso-fault youn ger than pas sage; Kalacka Cave,
Rozsuniêta Cham ber; E. 10–50 cm nor mal fault zone with brec cia and R shears, prov ing its nor mal dis place ment; Kasprowa Ni¿na Cave,
lo ca tion of pho to graph on Fig. 8A; F. Palaeophreatic con duit with un dam aged scal lops on the bed rock wall, and “non-karstic” mor phol -
ogy of the wall in fault zone; Przekop z Belkami, Magurska Cave; photo. A–E by J. Szczygie³, F by J. Nowak.

Fig. 7. Struc tural mea sure ments in Kasprowa Cave. A. Kasprowa Ni¿nia Cave, B. Kasprowa Œrednia Cave and Kasprowa Wy¿nia
Cave; green ro sette di a gram shows the strike of frac tures and faults in Rycerska Cham ber; 1 – Fault with brec cia (Fig. 6E); 2 – G¹bczaste
Pas sages; 3 – Rycerska Cham ber; 4 – cham ber with hang ing lake; un ex plained sym bols as in Fig. 5. 
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ment is vis i ble in the pas sage cross-sec tion; there are no R
shears or break downs. Nor mal faults dip ping to ward the
NW and the NNE run par al lel to the slopes. Their ac tiv ity
can there fore be as so ci ated with re lax ation or grav i ta tional
pro cesses.

Wójcik and Zwoliñski’s (1959) in ter pre ta tion of neo-
tec tonic dis place ments from Magurska Cave has also been
re-ex am ined. The au thors de scribed a num ber of neotecto-
nic dis place ments to the west, which were “youn ger than
the cave pas sages and hav ing a de ci sive in flu ence on its
mor phol ogy”. Wójcik and Zwoliñski (1959) de fined the
slip of the fault on the NW wall of the Dolna Cham ber as
sinistral, as signed it a strike-slip value of ~10 m, and cor re -
lated it with the dis lo ca tion at the Przekop z Belkami site.
Hercman (1989) con firmed the slip of the fault by dis place -
ment of lithostratigraphic for ma tions. The pres ent study
found that striations, steps and Riedel shears in di cated sinis- 
tral move ment. These sorts of move ments were not found at
the Przekop z Belkami site (Fig. 6F), which is 15 m in a
straight line from the Dolna Cham ber (Fig. 8).Wójcik and
Zwoliñski (1959) also marked the neotectonic dis place ments
in the Z³omisk Cham ber and the Œlizgawka site (Fig. 8) on
the plan of Magurska Cave. These dis lo ca tions, how ever, are
not de scribed in the text, which makes dis cus sion of them
im pos si ble. No dis place ments youn ger than the pas sages in
this part of the cave were re corded dur ing the field stud ies
for the pres ent re search. Hercman (1991) dated the speleo-
thems from the pas sages be tween the Dolna and the Z³o-
misk cham bers (Fig. 8). These had grown on break down
gravel over the past 60 ka. These sed i ments, how ever, are
not un equiv o cal ev i dence, as grav ity break downs of ten oc -
cur, es pe cially near in ac tive fault zones. These data in di cate
the min i mum age of the col lapse, but give no in di ca tion of
what caused it. A dis place ment vis i ble in the cross sec tion
of a con duit, such as that de scribed by Wójcik and Zwo-
liñski (1959) in the Stalaktytowy Pas sage in Magurska
Cave, is proof of move ments youn ger than the cave pas -
sages. Sim i lar dis place ments have been ob served in other
caves in the Tatra Mts. (e.g. Szczygie³, 2012). The slip am -
pli tude of these move ments is about 10–30 cm. A sim i lar
dis place ment has been de scribed in Hirschgruben Cave in
the East ern Alps (Plan et al., 2010), where a slip of ~25 cm
was dated as from the last gla cial cy cle. This dis lo ca tion
was cor re lated with the ac tiv ity of one of the main faults in
the SEMP Fault Sys tem in the Alps. Wójcik and Zwoliñski
(1959), how ever, de scribed a num ber of dis place ments
youn ger than the cave pas sages with slips of 3–4 m and
even 10 m. The or i gin of such dis place ments, es pe cially in
moun tains, is move ment in side deep land slides (e.g. Baron
et al., 2013). Al though a land slide was doc u mented in the
up per part of the Bystra Val ley (Wójcik et al., 2013), there
is no in di ca tion for its im pact on the caves. An other ex pla -
na tion is that these dis place ments took place along the cur -
rently ac tive faults as a re sult of earth quakes (e.g., Kao and
Chenw, 2000). How ever, such strong earth quakes would
have led to the com plete col lapse of the cave. The marks left 
by an his tor i cal earth quake with an es ti mated mag ni tude of
6.9 in a cave, sit u ated 3–4 km from the earth quake fault line, 
have been stud ied by Becker et al. (2011). The changes to
caves that re sult from earth quakes are bro ken or in clined

speleothems and break downs. There was no wall move ment,
even though the cave was formed along a re lated thrust.

On the other hand, it can be as sumed that the dis place -
ment did not re sult from such events, but oc curred dur ing
long-term microtectonic dis place ments. By way of anal ogy, 
re cent mea sure ments of microtectonical dis place ments
show an av er age rate of move ment of 0.03–0.07 mm/year in 
the Carpathians (Briestenský et al., 2011) and in the much
more tec toni cally ac tive Dinaric Alps (Šebala et al., 2010).
A dis place ment of 10 m would take 200 ka. The o ret i cally,
this dis place ment would be pos si ble in re la tion to the en tire
his tory of the cave. How ever, brit tle faults of such di men -
sions are formed as a re sult of tec tonic events.

These anal o gous ex am ples from the caves (Plan et al.,
2010; Becker et al., 2011; Szczygie³, 2012) in di cate that
some faults in the Bystra Val ley were ac tive dur ing the Qua -
ter nary and have left their mark in the caves. How ever,
these are not the 3–10 m dis place ments de scribed by Wój-
cik and Zwoliñski (1959), but are much smaller (~5–30 cm).

In the Bystra Val ley, dis place ment youn ger than cave
pas sages oc curred along pre-ex ist ing faults or frac tures ori -
ented more or less par al lel to the ridges, but the dip di rec tion 
is not al ways the same as that of the near est slope. Such
faults only oc cur in caves above the bot tom of the val ley.
This fact, to gether with the reg u lar ity in the ori en ta tion of
such faults, can prove that the mech a nism of dis place ment
youn ger than caves is grav ity fault ing, due to re lax ation af -
ter deglaciation and/or val ley deep en ing.

CON DI TIONS OF SPELEOGENESIS

All the caves stud ied were es tab lished dur ing phreatic
or epiphreatic con di tions and their sub se quent tran si tion to
the vadose zone. In sim i lar cases (e.g. Filliponi et al., 2009), 
in cep tion ho ri zons (Lowe and Gunn, 1997) are pre sumed to
be the main fac tor re spon si ble for the ge om e try of phreatic
pas sages. Ac cord ing to the au thors men tioned above, in cep -
tion ho ri zons are “es pe cially fa vour able to karstification by
vir tue of phys i cal, lithological or chem i cal de vi a tion from
the pre dom i nant car bon ate fa cies”. Al though these de tailed
lithological anal y ses have not been the fo cus of the pres ent
study, any re la tion ship be tween cave pas sage pat terns and
li thol ogy, sensu Lowe and Gunn (1997), can be ruled out in
the Bystra Val ley, since the cave pas sages are mostly gui-
ded by struc tural dis con ti nu ities and only rarely by bed ding
planes. Even in Magurska Cave, where two lithological
con tacts are pres ent, the pas sages are ori ented obliquely to
them (Hercman, 1989). Con duit de vel op ment was there fore
ini ti ated along tec tonic dis con ti nu ities, not with re spect to
lithological dif fer ences, as is ev i denced by field ob ser va tion 
of the caves, es pe cially given that the vast ma jor ity of the
“guid ing faults” were cre ated or re ju ve nated in an ex ten sion 
re gime dur ing the up lift (Vojtko et al., 2010; Králiková et
al., 2014). The key is sue is that ex ten sion can open a tec -
tonic void, large enough to al low tur bu lent flow, thereby
promoting the de vel op ment of con duits along spe cific path -
ways (0.005–0.01 cm; see Palmer, 1991). This pro cess of
ini ti at ing phreatic con duits along tec tonic fis sures is called
tec tonic in cep tion (Faulk ner, 2006). A sim i lar sit u a tion was
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de scribed by Sauro et al. (2013) for the caves in the Dolo-
mites, where “the tec tonic in cep tion fea tures of the karst
sys tem started to open, when the Piani Eterni area was up -
lifted dur ing the mid dle-late Mio cene”. The karst pro cesses
prob a bly be gan in the Plio cene Ep och. If so, then the proto-
con duit net work of at least the higher lev els in the caves was 
de vel oped be fore the Qua ter nary Pe riod. It is note wor thy
that Hercman (1991) pos tu lated that the con duits of Ma-
gurska Cave were ini ti ated dur ing the Plio cene Ep och.

The phreatic con di tions of cave de vel op ment in the
Bystra Val ley and their high de pend ence on tec ton ics sup -
port us ing a model that takes these fac tors into ac count. The
four-stage model is a model of cave or i gins in phreatic con -
di tions that can de ter mine cave pat terns in the di men sions of 
length and depth re lated to fis sure fre quency (Ford and Ew -
ers, 1978). When fis sure fre quency is low, deep phreatic
loops evolve (stage 1). When it is high, caves de velop along 
the wa ter ta ble (stage 4). Stages 2 and 3 are in ter me di ate
cases. As for the caves in the Tatra Mts., the stage 2 phreatic 
loops in Czarna Cave (Gradziñski and Kiciñska, 2002) and
the stage 3 ones in Miêtusia Wy¿nia Cave (Fryœ et al., 2006) 
have been doc u mented for the four-stage model (Ford and
Ew ers, 1978). A dense net work of dis con ti nu ity sets that
had a sig nif i cant im pact on their de vel op ment was iden ti -
fied in the caves stud ied. The rel a tively small denivelation
of the caves (19–59 m) and the dense net work of ini tial fis -
sures may in di cate that some of the stud ied caves could
have been formed in stage 3 of the model (Ford and Ew ers,
1978). This means that sep a ra tion within one cave of more
than one cave level cor re spond ing to the wa ter ta ble, as sug -
gested by Wójcik (1968) with ref er ence to Swinnerton
(1932), is un likely. How ever, not all caves were de vel oped
in phreatic con di tions. For ex am ple, Kasprowa Ni¿na Cave, 
which is still ac tive and pe ri od i cally flooded, and the G¹b-
czaste Pas sages meet the def i ni tion of soutirages (Häusel-
mann et al., 2003). This in di cates that epiphreatic con di -
tions caused the de vel op ment of Kasprowa Ni¿na Cave.
Bystra Cave also de vel oped partly un der phreatic and partly 
un der epiphreatic con di tions. This may in di cate that other
caves de vel oped (at least par tially) un der epiphreatic con di -
tions. Ac cord ing to Audra and Palmer (2013), “Many epi-
phreatic pas sages, which form above the low-flow wa ter
table un der hy drau lic pres sure, also have ir reg u lar pro files
with high-am pli tude loops”. The pas sage mor phol ogy in
those two zones is gen er ally sim i lar. Nev er the less, Palmer
(1991) sug gests that “flood wa ter can form an gu lar net works
in frac tured rock, anastomotic mazes along low-an gle part -
ings, or sponge- work where inter gra nu lar pores are dom i -
nant”. Through the re search in Al pine mul ti level cave sys -
tems, it was shown that the si mul ta neous de vel op ment of dif -
fer ent stages (four-stage model) and epiphreatic pas sages is
pos si ble at the same cave level (Plan et al., 2009). More over,
re cent stud ies have shown a strong re la tion ship be tween the
ver ti cal or ga ni za tion of karst con duit net works, base-level
changes and re charge vari a tions (Gabrovšek et al., 2014).

From the above find ings, it fol lows that there are no
loops or anas to mo ses in the pat tern of Kalacka Cave; the
cave is a low-am pli tude sin gle pas sage. Since the re charge
area was lo cated 2–3 km away on the Giewont Mas sif and
the E slopes of Kopa Kondracka (Fig. 1), the flux prob a bly

reached a wa ter ta ble far from the spring, so that near the
spring wa ter mi grated un der phreatic con di tions. Gorycz-
kowa Cave has a 3-D anastomotic maze pat tern. The hy -
drau lic gra di ent was al most the same as in Kalacka Cave,
but the dis tance be tween the re charge area (Sucha Woda
Val ley) and the cave was shorter (1–1.5 km; Fig. 1). This
means that de scend ing wa ter may not have reached the wa -
ter ta ble be fore out flow, or reached this level close to the
spring, where the epiphreatic zone is thicker. The old est
cave level in the Bystra Val ley in cludes Magurska, Kaspro-
wa Wy¿nia and Œrednia caves. Hercman (1991) con sid ers
that this level was ini ti ated at the Plio cene, i.e. be fore gla-
ciations when the geo mor phol ogy was gen tle and hy drau lic
gra di ents were smaller. More over, palaeoflow di rec tion in
Magurska Cave was from the bot tom to the en trance, i.e.
slightly up ward, dur ing the ini tial phase. There are two
loops in the cave, with denivelations of 15 m and 35 m. This 
may in di cate that Magurska Cave de vel oped un der phreatic
con di tions. How ever, the cave has been re mod elled since
then by a few pro cesses, so it is hard to be sure.

Plan et al. (2009) sug gest that “(...) the change of pre -
ferred con duit di rec tions at dif fer ent lev els in di cates the
flow di rec tion that ini tial fis sures or have changed over
time. This lat ter could be ex plained by a change of the stress 
fields due to the on go ing Al pine de for ma tion”. It fol lows
that these vari a tions in hy dro log i cal con di tions and cave
pat terns could re sult from ex po sure of the bed rock to re lax -
ation of the mas sif. The phreatic zone is lo cated be low the
bot tom of the val leys. The ef fect of stress on the rock mass
is there fore re lated to the re gional stress field, or the in di -
vid ual relaxational faults ex tended un der the val ley bot tom
(Fig. 9B). Thus, only in di vid ual struc tures al low the mi gra -
tion of wa ter (Fig. 9C). The flow is fo cused and the sin gle
con duit is be com ing en larged. The epiphreatic zone is above
the val ley bot tom, where lo cal ex ten sions, caused by the
relaxation of the mas sif, are more in tense (Fig. 9B). Hence,
more frac tures are suf fi ciently ex tended to al low flow. A maze
could be forming as flood wa ter mi grates along a net work of
fis sures (Fig. 9C). The cave sys tems were formed dur ing sta -
ble pe ri ods, when the rate of ero sion was higher than the rate
of up lift. In the Bystra Val ley three sta ble pe ri ods, re lated to
the cave lev els de vel oped un der partly phreatic and partly
epiphreatic con di tions, can be ob served. Pe ri ods of si mul ta -
neously faster up lift ing and val ley deep en ing fol lowed. This
re sulted in a tran si tion of cave pas sages to the vadose zone
(Fig. 9E). Dur ing this up lift, some faults were re ac ti vated and 
some new ones ap peared (Fig. 9E). Most prob a bly, the re -
sults of this loos en ing were dis place ments of up to 15 cm in
al ready dried-out pas sages and open ings of new fis sures that
al lowed new con duits to de velop un der the wa ter ta ble and in
the epiphreatic zone (Fig. 9E, F).

CON CLU SIONS

The cave pat tern is strongly con trolled by tec tonic fea -
tures, mainly faults and re lated frac tures that orig i nated, or
were re ju ve nated dur ing ex ten sion from the Late Mio cene
on wards (Burchart, 1972; Jurewicz, 2005). The hydrogeo-
log i cal con di tions that de ter mine flow di rec tions seem to be
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equally sig nif i cant, as they cause wa ter to flow at a slight
an gle, even in ver ti cal fis sures. This does not change the
fact that cor ro sive wa ter flowed along tec tonic struc tures
dur ing phreatic and/or epiphreatic con di tions and that these
proto-con duits were formed by “tec tonic in cep tion”. The
tec tonic struc tures fa voured by in cep tion were mainly faults 
and in few lo cal cases com bi na tions of bed ding and joints.

Neotectonic fea tures, iden ti fied in the caves as be ing
youn ger than the pas sages, are char ac ter ized by rel a tively
small dis place ments (up to 15 cm) and did not have any sig -
nif i cant im pact on cave mor phol ogy. No break downs or
highly frac tured zones oc cur in the ar eas of neotectonic
faults. It is the au thors’ opin ion that faults with dis place ments 
of sev eral me ters were mis tak enly in ter preted by Wójcik and
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Fig. 9. Sim pli fied sche matic of cave de vel op ment and its de pend ence on the neotectonic and morphotectonic pro cesses in the Bystra
Val ley; A. Hydrogeological con di tions, B. Tec tonic set ting, C and E. De vel op ment of cave con duit along ini tial fis sures, D and F. Cave
pat tern at ear lier (D) and later (F) stage of cave de vel op ment in Bystra Val ley; dark blue – phreatic zone; light blue – epiphreatic zone; rf –
fault ex tended un der the val ley bot tom, ow ing to re gional stress; lf – fault ex tended, ow ing to re lax ation of the mas sif; s – soutirages sensu
Häuselmann et al. (2003).



Zwoliñski (1959) as be ing youn ger than the caves. Given the
pres ent state of knowl edge and armed with the re sults of this
study, these faults should now be clas si fied as older struc -
tures, the sur faces of which have been com man deered and
ex posed by speleogenesis. The pres ence of neotectonic faults 
with greater dis place ments has not been ex cluded, but they
would have had a much greater im pact on mor phol ogy than
the ob served fea tures.

There are three cave lev els in the Bystra val ley: (1) the
youn gest and cur rently ac tive caves, in clud ing Kasprowa
Ni¿nia and Bystra caves, which are de vel op ing partly un der
phreatic and partly un der epiphreatic con di tions; (2) the
mid dle and in ac tive caves, in clud ing Kalacka Cave, which
de vel oped un der phreatic con di tions in stage 3 of the four-
stage model (Ford and Ew ers, 1978) and Goryczkowa Ca-
ves, which de vel oped un der epiphreatic con di tions; and (3)
the old est and in ac tive caves, in clud ing Magurska, Kaspro-
wa Wy¿nia and Œrednia caves, which most prob a bly de vel -
oped in stage 3 of the four-stage model (Ford and Ew ers,
1978).

Dif fer ences in cave pat tern be tween the phreatic and
epiphreatic zones in a given cave level could have re sulted
from ex po sure of the bed rock to re lax ation of the mas sif.
The phreatic zone is lo cated be low the bot tom of the val -
leys. Hence the ef fect of stress on the rock mass is re lated to
the re gional stress field, or to in di vid ual relaxational faults
ex tended un der the val ley bot tom. Thus, only in di vid ual
struc tures al low the mi gra tion of wa ter. The flow is fo cused
and the sin gle con duit is be com ing en larged. The epiphrea-
tic zone is above the val ley bot tom, where lo cal ex ten sions
caused by the re lax ation of the mas sif are more in tense.
Hence, more frac tures are suf fi ciently ex tended to al low
flow. A maze could be form ing as flood wa ter mi grates
along a net work of fis sures.
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