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Ab stract: Krynica Spa is situ ated in the south ern part of the Ma gura Nappe, at the bound ary be tween the Bystrica
and Krynica subunits. The Bystrica suc ces sion is com posed of the Mid dle to Up per Eo cene strata of the Ma gura
For ma tion, while the Krynica suc ces sion is built up of the Pa laeo cene through Mid dle Eo cene strata that be long to
the Szczawnica, Zar zecze and Ma gura for ma tions. The Bystrica and Krynica subunits con tact along a sub- vertical, 
NE- dipping fault. In the study area, sev eral NE- trending trans ver sal faults cut both the Bystrica and Krynica
subunits into sev eral blocks. The Krynica area is seis mi cally ac tive, as shown by the most re cent, moderate- 
intensity earth quakes which oc curred in 1992–1993, of epi cen tres situ ated NE of Krynica Spa. The re gion is rich
in natu ral min eral wa ter springs which are con fined to a tec tonic block bounded by the Tyl icz and Krynica faults.
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IN TRO DUC TION

Krynica Spa is the big gest health- resort in Po land, rich
in natu ral min eral wa ters of dif fer ent hy dro chemi cal types.
In 1997–1999, this area was a sub ject of in te grated hydro -
geo logi cal and geo logi cal stud ies con ducted in the frame -
work of a proj ect fi nanced by the State Com mit tee for Sci -
en tific Re search (Komitet Ba dañ Nau kowych) and Na tional
Fund of En vi ron men tal Pro tec tion and Wa ter Man age ment
(Naro dowy Fun dusz Ochrony Œro dowiska i Go spo darki
Wod nej) (Ciê¿kowski et al., 1999). Re ali sa tion of this proj -
ect in volved, i.a. new geo logi cal map ping at the scale of
1:10,000 of the Krynic zanka River drain age ba sin, ca. 50
sq. km large. The first re sults of these stud ies were pub -
lished by Zuchiewicz (1998b) and Oszc zypko et al.
(1999b).

The aim of this pa per is to pres ent fi nal re sults of our re -
search, in clud ing de tailed geo logi cal maps, geo logi cal
cross- sections, and in ter pre ta tion of small- scale tec tonic
struc tures, with spe cial em pha sis on the geo logi cal struc ture 
of the Krynica area and its re la tion to the deep base ment of
that part of the Pol ish West ern Car pa thi ans.

PRE VI OUS WORKS

The his tory of geo logi cal in ves ti ga tions in the Krynica
Spa area has been strongly con nected with the de vel op ment
of the spa it self. Pre limi nary geo logi cal in ves ti ga tions in
this re gion were car ried out by Wal ter and Dunikowski
(1883), Paul (1884), and Uh lig (1888).

In 1896, within the frame work of the Geo logi cal At las
of Galicia proj ect, the Muszyna sheet (Szajno cha, 1896)
was pub lished. Since 1903, geo logi cal re search in Krynica
was car ried out by Zu ber (1916, 1918), who also ini ti ated
drill ing of a deep bore hole for the pro spec tion of min eral
wa ters. This bore hole (now Zu ber I) dis cov ered a new, hith -
erto un known, type of min eral wa ters and gave an in sight
into the deep struc ture of the re gion. In the early 1920s,
Nowak (1924) pre pared the first de tailed geo logi cal map of
Krynica. The map por trayed two tec tonic units of dif fer ent
lithos tra tigraphic suc ces sions. The north ern unit was named 
“Parautochtonous”, whereas the south ern one – “Krynica
Thrust Sheet”. The bound ary be tween these units was lo -
cated along the south ern slope of the Par kowa Góra Mt.
Nowak (1924) also ini ti ated drill ing of an other deep bore -
hole, i.e. Zu ber II.



In 1933–1953, the Krynica area was mapped at the
scale of 1: 25,000 by H. Œwidzi ñski. His map has served as a 
ba sis for pro spec tion and docu men ta tion of min eral wa ters
in Krynica Spa for a long time. The re sults of Œwidzi ñski’s
stud ies were pub lished in 1939, 1953, and 1954, and be -
came sum ma rized in 1972 in the pa per ”Ge ol ogy and min -
eral wa ters of Krynica”. Fol low ing Nowak’s (1924) ideas,
Œwidzi ñski (1972) dis tin guished in the Ma gura Nappe of
the Krynica area two facies- tectonic zones, namely the
Nowy S¹cz and Krynica ones, and de scribed their stra tigra -
phy and tec ton ics. He also put for ward novel hy pothe ses on
the ori gin of min eral wa ters and dis tri bu tion of CO2 in this
re gion, and pro posed drill ing of the fol low ing deep bore -
holes: Zu ber III, Zu ber IV, B-1, and B-2. Pa pers by Wêc³a-
wik (1969a, b) on the ge ol ogy of Ma gura Nappe in the Ty-
licz and Mo chnac zka ar eas were very im por tant for a bet ter
un der stand ing of the ge ol ogy of Krynica re gion.

New ideas on the re la tion ship be tween the Krynica and
Bystrica zones in the Krynica area were pre sented by Osz-
czypko (1979), who, dur ing the fol low ing years, pub lished
sev eral pa pers on the stra tigra phy of the Bystrica and Kry-
nica zones (cf. Birk en ma jer & Oszc zypko, 1989; Osz-
czypko, 1991, Oszc zypko et al., 1990, 1999b). These led to
a re vi sion of pre vi ous views on the stra tigra phy of the old est 
de pos its of the Krynica Zone which be came the young est
strata of the Bystrica Zone. These find ings had a pro noun-
ced in flu ence on tec tonic in ter pre ta tions.

In 1995, the Muszyna sheet of the De tailed Geo logi cal
Map of Po land (1: 50,000) by Chrz¹stowski et al. (1995)
was pub lished. In 1997–1999, the area of Krynica Spa was a 
sub ject of an in te grated hydro geo logi cal and geo logi cal
study con ducted in the frame work of the Pro ject KBN/
NFOŒGW (Zuchiewicz, 1998b; Ciê¿kowski et al., 1999;
Oszc zypko et al., 1999b).

GEO LOG I CAL SET TING

Krynica Spa is situ ated in the south east ern part of the
Ma gura Nappe, at the bound ary of the Bystrica and Krynica
fa cies zones (Fig. 1).

Lithostratigraphy

Bystrica Zone
The NE part of the study area be longs to the Bystrica

Zone (Fig. 2; see Œwidzi ñski, 1972). This re gion, a few kilo -
me tres wide, is com posed of sev eral NW–SE trend ing hills
that ex tend from Sza lone (828.8 m a.s.l.), through Huzary
(846.4 m a.s.l.), Par kowa (718.8 m a.s.l.), Haw ry lakówka
(779.6 m a.s.l.), up to Ja worzynka (898.7 m a.s.l.). This belt
is built up of the Masz kowice, Mniszek and Po prad mem -
bers of the Ma gura For ma tion.

The Masz kowice Mem ber crops out in a few small quar -
ries lo cated on the right bank of the Palenica Stream (Figs 2, 
3). The big gest ex po sures are situ ated ca. 100 m east wards
of the Tyl icz Pass. In this place, thick- bedded (60–120 cm),

fine to very coarse- grained, poorly sorted, mus co vitic sand -
stones bear ing calcareous- muddy ce ment are ex posed in
over turned po si tion. These sand stones, grey- blue in col our,
dis play Bou ma’s Tabc in ter vals. The sand stones con tain nu -
mer ous clasts of mud stones, up to 15 cm in di ame ter, and
pass up wards into strongly bio tur bated mud stones, rich in
the mica flakes and co ali fied plant de bris. The bot tom sur -
faces of sand stones dis play groves and flute casts in di cat ing 
pa laeo cur rent di rec tion towards the NW (N70–60°W). The
sandstones are in ter ca lated by soft, dark- grey tur biditic
marl stones (5 do 20 cm thick) or sandy/muddy cou plets, up
to 1 m thick. In an ex po sure lo cated in the Pu³aski Street, the 
fin ing and thin ning up ward se quences with amal ga mated
sand stones, up to 6 m thick, are visi ble. Thick to very thick-
bed ded (50–200 cm), clast- rich gran ule con glom er ates, and
amal ga mated sand stones oc cur there. These strata dis play
coars en ing and thick en ing up wards se quences, typi cal of
the channel- lobe tur bid ite sys tem. The Masz kowice Mem -
ber con tains rare pack ets, up to few me tres thick, of the
£¹cko- type marls (Œwidzi ñski, 1972). These sand stones
were pierced down to 406 m by nu mer ous bore holes drilled
for min eral wa ters along the Palenica Stream val ley and
Pu³aski Park (Œwidzi ñski, 1972). Un for tu nately, the core
ma te rial was sam pled only from the bore hole B-2 (Fig. 4),
situ ated on the south ern slope of the Par kowa Hill. In this
bore hole, the top of the Masz kowice Mem ber was reached
at a depth of 180 m in an over turned po si tion. Be low, down
to a fi nal depth of 350 m, thin- bedded flysch strata of the
Mniszek Mem ber, for merly de scribed as Be loveža beds (see 
Œwidzi ñski, 1972), have been found. In the Krynica area,
the thick ness of the Masz kowice Mem ber reaches 700–800
m (Fig. 3; Oszc zypko et al., 1990; Oszc zypko, 1991; Chrz¹- 
stowski et al., 1993). This mem ber be longs to the Mid dle
Eo cene cal care ous nan no plank ton zone NP16/17 (see Osz-
czypko-Clowes, in Oszc zypko et al., 1999b).

The Mniszek Mem ber is com posed of thin- bedded strata 
bear ing in ter ca la tions of varie gated shales (Oszc zypko,
1979; Oszc zypko et al., 1990, 1999b), which oc cur on the
south ern slope of the Par kowa Hill and were pierced by Zu -
ber’s (I–IV) and B-2 bore holes (Figs 2, 4). These beds were
origi nally de scribed by Œwidzi ñski (1972) as the Be loveža
beds. Su per po si tion of the Mniszek Mem ber over the Masz -
kowice Mem ber was docu mented by the po si tion of sole
marks, as well as Mid dle Eo cene as sem blages bear ing Re -
ticu lo phrag mium am plec tens, found by Prof. S. Geroch in
bore holes Zu ber III and B-2 (see Œwidzi ñski, 1972). The ba -
sal por tion of the Mniszek Mem ber is com posed of two
pack ets of red shales, in ter ca lated by a few me tres thick
packet of thick- bedded sand stones and con glom er ates, pier- 
ced by Zu ber III bore hole at depths of 0 to 132 m (Œwidziñ-
ski, 1972). In this bore hole, above the sec ond level of red
shales oc cur ring in a stra tigraphi cally higher po si tion, thin-
 bedded, fine- grained sand stones and dark- grey non cal care -
ous shales were found. In Zu ber III bore hole (Fig. 4), at a
depth in ter val of 204.3–234.6 m, an other, proba bly the up -
per most in ter ca la tion of red shales cov ered by quartz itic
con glom er ates and thick- bedded sand stones was drilled.
The to tal thick ness of the Mniszek Mem ber in this bore hole
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is up to 250 m (Fig. 3). Con glom er ates were also found
(Dul ski, 1967) in bore hole Zu ber IV at depths of 0–280 m
(Fig. 4). At the top of these con glom er ates, a few me tres
thick packet of yellow- green mud stones, re sem bling the
£¹cko marls, was iden ti fied. Thin- bedded tur bid ites of the
Mniszek Mem ber have also been found in B-2 bore hole
(depth in ter val 180–350.7 m; see Œwidzi ñski, 1972). The
Mniszek Mem ber passes pro gres sively, in an over turned
po si tion, into the Po prad Mem ber of the Ma gura For ma tion. 
In bore holes: Zu ber I (in ter val 599–720 m), Zu ber II
(609–727 m), Zu ber III (503–762 m), and Zu ber IV
(200–297 m), thin- bedded tur bid ites are com pletely re -
placed by thick- bedded sand stones (Dul ski, 1967; Œwidziñ-
ski, 1972). In the stra tigraphi cally low er most ho ri zon of the
varie gated shales in Zu ber III and B-2 bore holes, the Mid dle 
Eo cene ag glu ti nated as sem blages with Re ticu lo phrag mium
am plec tens (Grzy bowski) were found. Simi lar fo rami nif -
eral as sem blages were also found in bore hole B-2 (Œwidziñ- 
ski, 1972) within varie gated shales (depth in ter val 204.3–
346.6m) and thin- bedded flysch (at ca. 250 m), as well as in
varie gated shales in the Pod Skoc zni¹ brook (see Ma lata; in
Oszc zypko et al., 1999b). Bas ing on the pres ence of NP18
cal care ous nan no plank ton zone in the top part of the Mni-
szek Mem ber (Oszc zypko, 1991; Dudz iak, 1991), the age of 
this mem ber can be con sid ered as not older than the Late
Eo cene.

Po prad Mem ber. The strata of this mem ber are known
only from bore holes. The low er most por tions of all Zu ber’s
bore holes (Zu ber I: 720–948.5 m; Z II: 727–789.7 m; Z III:
762–983 m; Z IV: 280–803.2 m; Fig. 4) rep re sent un known
sand stones, which have been named the “Zu ber sand stones" 
(Dul ski, 1967; Œwidzi ñski, 1972), of mini mum thick ness
200–250 m. Judg ing from clast sam ples de rived from bore -
holes Z III and Z IV (Fig. 2), these are me dium to coarse-
 grained sand stones which bear in ter ca la tions of green-
 brown shales and are rich in co ali fied flakes. The thick ness
of shale- mudstone in ter ca la tions is up to a few tens of me -
tres. The age of these sand stones was not de ter mined, but
tak ing into ac count their po si tion over the Mniszek Mem -
ber, it can be re garded as the Late Eo cene. In this case, these 
sand stones should be cor re lated with the Po prad Mem ber of 
the Ma gura For ma tion of the Bystrica Subunit (Oszc zypko,
1979; 1991; Oszc zypko et al., 1990, 1999b; Oszczypko-
 Clowes, 2001).

Krynica Zone
In the study area, the Krynica Subunit is com posed of

the Szczawnica, Zar zecze, and Ma gura for ma tions (Fig. 2).
All these lithos tra tigraphic units were de fined by Birk en ma -
jer and Oszc zypko (1989).

The base of the Szczawnica For ma tion is ex posed in the 
Jastrzêbik and Z³ockie sec tions, sit u ated a few kilo metres
west of Krynica (Oszczypko et al., 1990). In these sec tions,
var ie gated shales of the Malinowa Shale For ma tion (Turo-
nian–Campanian) pass up wards into at least 100-m-thick
com plex of thin-bed ded, non cal car e ous, dark-grey flysch
strata bear ing spo radic in ter ca la tions of reds shales (Fig. 3).
The strata re sem ble the Ha³uszowa For ma tion, and are

prob a bly of the Maastrichtian–Early Palaeo cene age (see
Oszczypko et al., 1990). Thin-to me dium bed ded cal car e -
ous flysch of the Szczawnica For ma tion, at least 300 m
thick (Fig. 3), oc curs higher up in the sec tion. In the Krynica 
area, this for ma tion was first de scribed by Oszczypko et al.
(1999b). These de pos its are ex posed in the mid dle seg ment
of the Czarny Potok Stream, close to the lower ski sta tion
“Jaworzyna”, in the SW part of S³otwina vil lage, as well as
in the mid dle reach of the Szczawiczne and Zródlany
streams. In older pub li ca tions, these strata were as signed to
ei ther the lower Hi ero glyphic beds (Nowak, 1924), Belo-
veža beds (Œwidziñski, 1972), or Zarzecze beds (Chrz¹sto-
wski et al., 1993). The best ex po sures of the Szczawnica
For ma tion are sit u ated in the mid dle reach of the Szcza-
wiczne Stream (Fig. 2). This sec tion dis plays thin (5–7 cm)
to me dium-bed ded (25–30 cm), fine to me dium-grained,
cal car e ous, grey-blu ish sand stones with par al lel and rip ple
cross lam i na tion (Tbc, and some times Tbcd Bouma’s in ter -
vals). Thick-bed ded, coarse-grained (Tabc) sand stones are
ob served in places. In the Czarny Potok and Szczawiczne
Stream sec tions, the up per most part of the Szczawnica For -
ma tion is rep re sented by very thin-bed ded (2–5 cm), fine-
grained sand stones (Tcd), in ter ca lated with blu ish, poorly
cal car e ous shales. In the Czarny Potok Stream, 50 m NW of
the lower ski sta tion, a packet of dark, 1 m thick soft marls
was iden ti fied (Oszczypko et al., 1999b). The bound ary be -
tween the Szczawnica and Zarzecze for ma tions is not char -
ac ter is tic, and can be lo cated roughly at the base of the first
packet of the Krynica con glom er ates (e.g., Szczawiczne
sec tion) or at the bound ary be tween the Szczawnica and
Zarzecze lithofacies (Czarny Potok Stream). The Szczaw-
nica For ma tion is rel a tively strongly tectonized, and bears
fre quent cal cite veins. Ac cord ing to foraminifera and calca-
reous nannoplankton de ter mi na tions, the age of the Szczaw- 
nica For ma tion was es ti mated as the Late Palaeo cene–Early
Eocene (Oszczypko et al., 1999b).

The Szczawnica For ma tion is suc ceeded by the Zarze-
cze For ma tion, com posed of thin- bedded tur bid ites. The to -
tal thick ness of the for ma tion is 400–650 m. Fine to me -
dium-grained, cal care ous sand stones dis play Tbc, and
rarely Tbc+conv Bou ma’s in ter vals. The for ma tion con sists
of thin- bedded, bluish- grey cal care ous sand stones, al ter nat -
ing with dark- grey mud stones and marly clay stones. Clay -
stones are green when weath ered, whereas sand stones tend
to ob tain rusty col our. The sand stone soles show cur rents
marks, which in di cate pa laeo trans port to wards the NW.
Trace fos sil as sem blages bear ing Pa leo dic tyon have been
ob served in this for ma tion (Nowak, 1924; Oszc zypko et al., 
1999b). The Zar zecze flysch strata con tain one to few me -
tres thick pack ets of thick- bedded sand stones, peb bly sand -
stones, and grav el stones be long ing to the Krynica Sand -
stone Mem ber, the thick ness of which ranges from 10 to 250 
m (Figs 2, 3). Spo radi cally, there also oc cur thick beds of
peb bly mud stones with ex otic ma te rial, which is domi nated
by milky quartz, ac com pa nied by meta mor phic, plu tonic
and vol canic rocks, and rare peb bles of Meso zoic car bon -
ates (Oszc zypko, 1975; Oszc zypko et al., 2004). The ex otic
con glom er ates build up the Koci Zamek Hill in S³ot wina.
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The Krynica sand stones and con glom er ates, 250 m
thick, were iden ti fied on the slope of the Ja worzyna Kry-
nicka Moun tain (Fig. 2). In the Szczawic zne Stream, the
Krynica Sand stone Mem ber re vealed pa laeo trans port to -
wards the NE. This litho pha cies dis plays fea tures of chan -
nel de pos its. Cal care ous nano plank ton de ter mi na tions sug -
gest an Early to Mid dle Eo cene age (Oszczypko- Clowes; in
Oszc zypko et al., 1999b).

In the study area, the young est de pos its of the Krynica
subunit be long to the Piwnic zna Sand stone Mem ber of the
Ma gura For ma tion. These strata build the Góra Krzy¿owa,
Ja worzyna Krynicka, and Krynica Wieœ syn clines. These
are thick- bedded, me dium to coarse- grained mus co vitic
sand stones which bear in ter ca la tions of thin- bedded sand -
stones and non- calcareous silt stones. The thick ness of these
in ter ca la tions ranges from a few deci me tres to a few me tres. 
Thick- bedded, poorly sorted sand stones are com posed of
quartz, feld spars, mus co vite, and litho clasts of meta mor -
phic, plu tonic, vol canic, and sedi men tary rocks. The sand -
stone ce ment var ies from cal careus to ar gil la ceous. These
sand stones are harder than those of the Krynica Sand stone
Mem ber. This mem ber con tains some times pack ets of fine
con glom er ates and peb ble sand stones. The thick ness of the
mem ber at tains 500 m and 600 m, in the Góra Krzy¿owa
and Ja worzyna Krynicka syn clines, re spec tively (Fig. 3).

In the ¯egiestów area, the Piwniczna Sand stone Mem -
ber is cov ered by var ie gated shales of the Mniszek Mem ber
(Oszczypko et al., 1990; Chrz¹stowski et al., 1993). The
Piwniczna Sand stone Mem ber is mainly of the Mid dle
Eocene age (Bromowicz & Uchman, 1992, Oszczypko-
Clowes, 2001). In the Milik quarry, in the up per most part of 
this mem ber, cal car e ous nannoplankton be long ing to NP18
Zone (early part of the Late Eocene) has been found (Du-
dziak; in Oszczypko et al., 1990).

Struc ture

Since the pi o neer geo log i cal study of Nowak (1924),
the Krynica area has been as signed to the Bystrica and
Krynica tec tonic sub units of the Magura Nappe. These sub -

units co in cide, to a large ex tent, with the cor re spond ing fa -
cies zones es tab lished by Œwidziñski (1972) as the S¹cz
(Bystrica) and Krynica zones (see Oszczypko, 1979; Bir-
kenmajer & Oszczypko, 1989).

Krynica sub unit. This sub unit is char ac ter ised by the
pres ence of NW–SE trending nar row anticlines and broad
syn clines, built up of the Piwniczna Sand stone Mem ber.
The cores of anticlines are usu ally com posed of the
Zarzecze For ma tion, while the Szczawnica For ma tion oc -
curs only in mar ginal, more el e vated folds. Com pared to the 
Zarzecze For ma tion, the Szczawnica Fm. is strongly de -
formed, and re veals nu mer ous shear zones, boudinage, and
joints, the lat ter be ing filled with cal cite veins up to ten
centi metres thick. To the east of the Kryniczanka Stream,
the Krynica sub unit is com posed of sev eral nar row
anticlines, built up of the Zarzecze For ma tion, and flat syn -
clines that are filled with the Krynica Sand stone Mem ber
(Figs 2, 4). Two broad syn clines of Krzy¿owa-Palenica and
Jaworzyna Krynicka-Przys³op, filled with thick-bed ded
sand stones of the Piwniczna Sand stone Mem ber, oc cur to
the west of the Kryniczanka Stream. These syn clines dis -
play well de vel oped north ern limbs, com posed of thin-bed -
ded flysch of the Zarzecze For ma tion, and re duced south ern 
limbs. Axes of map-scale folds plunge gently (at 4°) to -
wards N24°W in the NW part, and at 21° towards N49°W in 
the SE part of the area (Fig. 5B, C).

The Bystrica sub unit oc curs in the north ern part of the
study area and is rep re sented by a broad, some times sec ond -
ary folded synclinal zone, called the Szalone-Huzary-
Hawrylakówka-Jaworzynka syncline (Fig. 2). This zone is
char ac ter ised by north-deeping ax ial sur face (Figs 2, 4; cf.
Nowak, 1924; Œwidziñski, 1972). Sub-ver ti cal thrust sheets
are com mon in the Bystrica sub unit. Both the north ern
limbs of anticlines and south ern limbs of syn clines are tec -
toni cally re duced and usu ally over turned. Axes of map-
scale folds plunge here at 9° to wards N52°W (Fig. 5A).

The re la tion ship be tween the Krynica and Bystrica sub -
units in the Krynica area drew at ten tion of nu mer ous ge ol o -
gists for a long time. Fol low ing Nowak’s (1924) in ter pre ta -
tion, the Krynica thrust sheet (Krynica “Skiba”) was thrust

GE OL OGY OF KRYNICA SPA,  WEST ERN OUTER CARPATHIANS, POLAND 75

Fig. 5. Bed ding at ti tude in the Krynica area. p-di a grams and ori en ta tion of map-scale folds in: A – Bystrica sub unit (NW part of the
Kryniczanka drain age ba sin); Krynica sub unit: B – NW part of the Kryniczanka drain age ba sin, C – SE part of the Kryniczanka drain age
ba sin. Lower hemi sphere plot



onto the north ern “Parautochtonous” unit, and then re -
folded. Ac cord ing to Œwidziñski (1972), the stud ied sub -
units are bounded by a steep, north-deeping fault, called the
Krynica Fault (KF). Both Nowak (1924) and Œwidziñski
(1972) re garded var ie gated shales oc cur ring on the south ern 
slope of the Góra Parkowa Hill as the old est strata of the
Krynica suc ces sion. Sub se quent stud ies by Oszczypko
(1979, 1991) and Oszczypko et al. (1999b) doc u mented that 
the var ie gated shales (Mniszek Shale Mem ber) be long to
the Bystrica suc ces sion and are youn ger than the Maszko-
wice Sand stone Mem ber of the Magura For ma tion. As a re -
sult of this in ter pre ta tion, the Krynica Fault (KF) be came
placed be tween the Mniszek Shale Mem ber of the Bystrica
sub unit and Szczawnica or Zarzecze for ma tions of the
Krynica sub unit (Figs 2, 4). This is an in verse, subvertical
fault that strikes im me di ately north of the Zuber’s bore holes 
line. An other in verse fault, par al lel to the pre vi ous one, was
doc u mented in bore hole B-2 (Fig. 4; cf. Œwidziñski, 1972).
The Tylicz Fault (TF, see Œwidziñski, 1972) is prob a bly of
the same or i gin, al though its pos si ble nor mal char ac ter re -
quires con sid er ation (cf. Fistek & Wêc³awik, 1990). Our in -
ves ti ga tions en abled a pre cise lo ca tion of the NE–SW
trending S³otwina Fault (SF), de scribed by Œwidziñski
(1972) (Figs 2, 4). In S³otwina area, this fault re places the
con tact of the Bystrica and Krynica sub units. To wards the
south, the fault sep a rates synclinal blocks of Jaworzyna
Krynicka, and Góra Krzy¿owa and Krynica Wieœ. Be tween
the S³otwina and Czarny Potok Stream, an other fault
(Jaworzynka Fault – JF) was mapped. This fault joins the
S³otwina Fault (SF) in the Czarny Potok Stream (Fig. 2).
Two other oblique-slip faults, paralell to the S³otwina Fault
(SF), were re cog nised in the SE part of the stud ied area. The 
more west ern Góra Parkowa Fault (GPF) is sit u ated be -
tween Zuber III and Zuber IV bore holes (cf. Œwidziñski,
1972), while the PowroŸnik Fault (PF) is lo cated a few hun -
dred metres SE of the GPF. It seems likely, there fore, that
the study area in cludes graben and half-graben struc tures.
Dur ing this study, the Drobiakówka Fault (DF) was iden ti -
fied in the up per reach of the Czarny Potok Stream. This is a 
nor mal fault which di vides the Jaworzyna and Przys³op
blocks. A mi nor, NNE–SSW trending, fault was doc u -
mented in an ex ca va tion for the ski path in the Czarny Potok 
Stream val ley (Oszczypko et al., 1999b), whereas the
NW–SE trending Hawrylakówka Fault (HF) was recogni-
sed in the NE part of the studied area.

Small-scale tec tonic struc tures

Small-scale tec tonic struc tures, par tic u larly joints, were 
stud ied at 11 sta tions (Fig. 6) sit u ated within the Krynica (6
sta tions) and Bystrica (5 sta tions) sub units of the Magura
Nappe. Their choice was mainly con trolled by the qual ity of 
avail able ex po sures. The Krynica sub unit is rep re sented by
sta tions lo cated upon ex po sures of thick-bed ded sand stones
of the Krynica Mem ber (Zarzecze Fm.) of Early through
Mid dle Eocene age (5) and the Piwniczna Sand stone Mem -
ber (Magura Fm.) of Early Eocene age (1). In the Bystrica
sub unit, in turn, only ex po sures of thick-bed ded Maszko-

wice Mem ber (Magura Fm.) of Mid dle Eocene age have
been taken into ac count (5 sta tions).

The re sults were pre sented on lower hemi sphere ste reo -
graphic plots and rose-di a grams drawn us ing the STE REO
com puter programme, and later ro tated into hor i zon tal po si -
tion of the host strata. The re sult ing pic ture dis plays two to
three sets of kathetal transversal joints, and one to two ka-
thetal lon gi tu di nal joints, in re spect to the strike of map-
scale folds.

The cross-fold joints in clude two sets of di ag o nal (D1

and D2) joints and a sin gle set of cross-fold joints (T),
whose ori en ta tion is par al lel to the acute bi sec tor be tween
the di ag o nal joint sets. The di ag o nal joints are char ac ter ised
by smooth and flat sur faces, their in ter sec tion with bed ding
sur faces is rec ti lin ear; they also fre quently pass into Riedel-
type frac tures that show a ten dency to dextral (D1) and sini-
stral (D2) dis place ment, re spec tively. Some of these joints
pass into en ech e lon ori en tated frac tures that are filled with
ei ther cal cite or dis mem bered host rock ma te rial, and whose 
acute bi sec tor is per pen dic u lar to the strike of map-scale
folds. The D1 joints abut against the D2 joint sur faces, and
vice versa. The two sets in ter sect one an other at 45–80°
(mainly 60–70°) in the Krynica sub unit, and 45–80°
(mainly 50–60°) in the Bystrica sub unit. The low est fig ures
are to be ob served at sta tions WOJ and PIS (45°); the high -
est ones – at ZAD, WO1, and PAT (80°; cf. Fig. 6). Ori en ta -
tion of the D1 set in the Krynica sub unit changes from
N85°E to N5°W (at sta tion WOJ be ing N50°E), whereas in
the Bystrica sub unit these fig ures are be tween N15°W to
N5°E, ex cept for sta tion ZEB (N45°E). Anal o gous val ues
for the D2 set are: N35°W to N75°E (sta tion WOJ – N95°E)
in the Krynica sub unit, and N55–95°E in the Bystrica sub -
unit. Joints of the T set dis play un even, rough, un du lated
sur faces, and the traces of their in ter sec tion with bed ding
sur faces are usu ally curvilinear. These joints are fre quently
lined with thin cal cite veins. Their ori en ta tion is subparallel
to that of the acute bi sec tor be tween the D1 and D2 joints,
be ing aligned: N55°W to N35°E (at sta tion WOJ – N75°E)
in the Krynica sub unit, and N5°W to N45°E (at sta tion ZEB
– N75°E) in the Bystrica sub unit. The lat ter set does not oc -
cur at DKM (Piwniczna Sand stone Member), and at station
PIS (Maszkowice Member) it is the only representative of
the transversal joints.

Lon gi tu di nal joints are roughly par al lel (L) or subpara-
llel (20–30°; L’) to the axes of map-scale folds. At some sta -
tions, only L sets have been en coun tered (CAP, ZAD,
WO1, PIS), or lon gi tu di nal joints do not oc cur at all (WOJ).
These are mostly non-sys tem atic joints of in sig nif i cant lat -
eral con ti nu ity, and abut ting at the transversal joint sur faces. 
Cal cite min er ali sa tion is a rare fea ture. Ori en ta tion of the
joints in ques tion changes from N75°E to N35°W (at sta tion 
CAP – N10°E) in the Krynica sub unit, and from N85°E to
N15°W in the Bystrica subunit.

Dis cus sion
Mor pho log i cal prop er ties and cross-cut ting re la tion -

ships in di cate that the di ag o nal (D1 and D2) joints are co -
eval and rep re sent a con ju gate sys tem of shear or (sta tion
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Fig. 6. Ori en ta tion of the dom i nant joint sets within flysch strata of the Magura Nappe in the Kryniczanka River catch ment area



WOJ) hy brid joints that orig i nated rel a tively early, be fore
com plete induration of pri mar ily hor i zon tal host strata, i.e.,
dur ing the in cip i ent stage of map-scale fold ing. Sta tions
ZAD, WO1, and PAT, how ever, raise some doubts, since
the above joint sets in ter sect one an other at 80°. Dom i nant
ori en ta tions of the D1 and D2 sets in the study area are
widely scat tered and dif fer ent from av er age val ues re corded 
in the mid dle and east ern por tions of the Magura Nappe
(i.e., N20°W and N40°E, re spec tively). The acute bi sec tor
be tween two sets of shear joints (D), par al lel to the max i -
mum stress axis s1, was hor i zon tal at the time of joint for -
ma tion, be ing in dic a tive of strike-slip mo tions (cf. Mastella
et al., 1997; Œwierczewska & Tokarski, 1998; and ref er -
ences therein). Ori en ta tion of s1 in the Krynica sub unit falls 
into the N10–35°E in ter val, ex cept at sta tions CAP and
WOJ. A sim i lar sit u a tion is to be noted in the Bystrica sub -
unit (N5°W to N35°E), ex cept for sta tion ZEB. All the
above sta tions, like ZAD (Fig. 6), are sit u ated close to the
fault zones whose mo bil ity could have led to re-ori en ta tion
of the pri mary po si tion of the map-scale folds. Dom i nant
ori en ta tion of s1 for shear joints within Ter tiary strata of the 
mid dle and east ern por tions of the Magura Nappe is N10°E
and N20°E, re spec tively (Zuchiewicz, 1998a).

Mor pho log i cal prop er ties of the T joints point to their
extensional or i gin, whereas their per pen dic u lar ar range -
ment ver sus the axes of map-scale folds, like that of the
acute bi sec tor be tween the two sets of di ag o nal (D) joints,
in di cates that all these joint sets are roughly co eval. On the
other hand, the lon gi tu di nal (L) joints ap pear to post date
transversal joints and their or i gin has prob a bly been as so ci -
ated with ex ten sion in duced by un du la tion of the map-scale
folds. These joints (L) main tain more or less sta ble ori en ta -
tion as op posed to that of both the transversal and di ag o nal
joints. This ori en ta tion is com pat i ble with that shown by the 
L joints in the east ern por tion of the Magura Nappe (cf. also
Oszczypko & Zuchiewicz, 2000).

STRUC TURAL EVO LU TION
OF THE SOUTH ERN POR TION

OF THE MAGURA NAPPE

The Krynica area, as a part of the Outer Carpathian
orogenic belt, has un der gone a very com plex geo log i cal his -
tory. The Outer Carpathian bas ins de vel oped be tween the
col lid ing Eu ro pean con ti nent and intra-oce anic arcs of the
north ern pe riph ery of the Tehtys Ocean. Through out the
pre-orogenic and syn-orogenic evo lu tion of the Outer
Carpathian bas ins, the fol low ing prom i nent pe ri ods can be
es tab lished: Mid dle Ju ras sic–Early Cre ta ceous ba sin open -
ing and post-rift sub si dence, Late Cre ta ceous–Palaeo cene
in ver sion, Palaeo cene through Mid dle Eocene sub si dence,
and Late Eocene–Early Mio cene synorogenic clos ing of the
bas ins (Oszczypko, 2004). The im por tant driv ing forces of
the tec tonic sub si dence were syn-and post-rift ther mal pro -
cesses, as well as the em place ment of nappe loads re lated to
the subduction pro cesses. Like other orogenic belts, the
Outer Carpathians were pro gres sively folded to wards the

con ti nen tal mar gin. This pro cess was ini ti ated at the end of
the Palaeo cene at the Pieniny Klippen Belt/Magura Ba sin
bound ary and com pleted dur ing the Early Burdigalian.

The fol low ing palaeotectonic sce nario can be pro posed
for the south ern part of the Magura Nappe, wherein Krynica 
Spa is lo cated:

1) In the Late Eocene (be fore de po si tion of the Malcov
For ma tion), the Krynica sub unit be came ap par ently over-
thrust upon the Bystrica (Nowy S¹cz) sub unit.

2) Dur ing the Mid dle Burdigalian (Eggenburgian), the
Magura ba sin fill was folded and formed the Magura Nappe
(Oszczypko, 1997; Oszczypko et al., 1999a).

3) The Krynica Fault (KF), pres ently ob served at the
bound ary be tween the Krynica and Bystrica (Nowy S¹cz)
sub units, orig i nated dur ing the sub se quent Late Burdigalian 
fold ing of the Outer Carpathians (Oszczypko, 1997).

4) The Mid-Badenian fault ing, pre ced ing de po si tion of
Mio cene strata within the Nowy S¹cz Ba sin (Oszczypko et
al., 1992), re sulted in for ma tion of extensional, NE-strik ing
faults.

DEEP BASE MENT STRUC TURE
OF KRYNICA AREA

Krynica Spa is sit u ated in the south ern part of the
Magura Nappe (Fig. 7), at the con tact be tween the Bystrica
and Krynica sub units, some 20 km north of the Pieniny
Klippen Belt. The Magura Nappe, which is the larg est and
in ner most nappe of the Outer Carpathians, rep re sents an
Oligocene–Early Mio cene accretionary prism that is flatly
thrust over the Early-Mid dle Mio cene accretionary prism of 
the Moldavides (Oszczypko, 1997, 1998). The basal thrust
of this nappe near Krynica is prob a bly sit u ated at a depth of
ca. 5 km b.s.l. (Oszczypko & Zuber, 2002). The Moldavidic 
accretionary prism in cludes struc tural units of the Fore-
Magura group (Grybów, Dukla, and Fore-Magura units), as
well as the Silesian, Subsilesian, Skole (Fig. 1) and, in
Ukraine, Borislav-Pokuttya nappes. The Outer (flysch)
Carpathians are thrust upon Lower and Mid dle Mio cene
strata of the Carpathian Foredeep. In front of the Carpathian 
fron tal thrust, a nar row zone of folded Mio cene strata oc -
curs (Stebnik and Zg³obice units) which is thrust over
autochthonous Mio cene de pos its of the foredeep. The basal
Carpathian thrust has been well re cog nised by nu mer ous
deep bore holes in a belt ca. 20–30 km wide. Be tween the
Dunajec and Bia³a Dunajcowa rivers, this sur face is fairly
reg u lar and gently south-dip ping. Ex trap o la tion of this sur -
face far ther south wards (Oszczypko & Tomaœ, 1985; ¯ytko
et al., 1989) al lows one to sup pose that near Krynica Spa it
oc curs at a depth of ca. 8 km b.s.l.

Rocks of the Epivariscan Plat form and its Permo-Me so -
zoic cover build up the base ment of the Carpathian Fore-
deep and the Pol ish seg ment of the Outer Carpathians (Osz-
czypko, 1997, 1998). The base ment struc ture was formed
dur ing a Late Al pine con ti nen tal col li sion. Nu mer ous bore -
holes drilled in the mar ginal part of the Carpathians pierced
through autochthonous Mio cene strata of the Carpathian
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Foredeep, oc cur ring be low the Carpathian overthrust. These 
strata are from a few hun dred to 2,000 m thick. Few bore -
holes, how ever, found no Mio cene de pos its at all. As far as
the drilled por tion of the Carpathians is con cerned, the
depth to the plat form base ment is be tween a few hun dred
metres to more than 7 km (cf. KuŸmina 1 bore hole;
Oszczypko, 1997, 1998). Magnetotelluric soundings con -
ducted in the Outer Carpathians re vealed a high-re sis tiv ity
ho ri zon which is cor re lated with the top of the crys tal line
base ment (Ry³ko & Tomaœ, 1995; ¯ytko, 1997). Depths to
the magnetotelluric base ment range from 3–5 km in mar -
ginal parts of the Outer Carpathians, through 15–20 km
within base ment de pres sion, to 8–12 km in the el e vated
south ern zone. The axis of magnetotelluric de pres sion is sit -
u ated im me di ately north of Krynica Spa at depths be tween
15 and 20 km, while far ther south, near Muszyna, it rises to

a depth of 10–12 km (cf. Ry³ko & Tomaœ, 1995; ¯ytko,
1997; Oszczypko & Zuber, 2002). This axis is roughly co in -
ci dent with the trace of the re gional grav ity low. Geo mag -
netic soundings have in di cated that the Krynica area is also
crossed by the line of zero val ues of Wiese vec tors, which is 
ap par ently as so ci ated with a low-re sis tiv ity me dium of high 
elec tric con duc tiv ity, over ly ing the high-re sis tiv ity ho ri zon. 
The low-re sis tiv ity ho ri zon (3–7 Wm) near Krynica is
1.5–2.0 km thick (¯ytko, 1997). Ac cord ing to nu mer ous au -
thors, this line marks a su ture at the bound ary be tween
ALCAPA and North-Eu ro pean Plate (see, for in stance:
¯ytko, 1997; Šefara et al., 1998). This hy poth e sis has been
con firmed by seis mic soundings con ducted in West ern
Slovakia. The or i gin of low-re sis tiv ity me dium in the
Carpathian base ment is not fully un der stood. Some au thors
un der line the role played by ultramylonitisation and gra-
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Fig. 7. Tec tonic sketch map of the SE part of the Beskid S¹decki Range and NW part of the Lubovnianska Pohorkatina Range (based
on sheets of the De tailed Geo log i cal Map of Po land, 1: 50,000; as well as Nemèok, 1990 and Oszczypko et al., 2005)



phitisation pro cesses (¯ytko, 1997), while oth ers point to
im por tance of highly min er al ised so lu tions pro duced dur ing 
de hy dra tion of clayey rocks (Chen & Chen, 1998) and/or
bi tu mi nous shales (Šefara et al., 1998). All these fac tors
lead to a de crease of the co ef fi cient of fric tion, and to for -
ma tion of crustal in sta bil i ties or dis con ti nu ities that are fa -
vour able to seis mic ac tiv ity. The crustal thick ness near
Krynica is about 35 km (Šefara et al., 1998).

HEAT FLOW

The Pol ish seg ment of the West ern Carpathians dis -
plays a poorly dif fer en ti ated geo ther mal field and gen er ally
low val ues of surficial heat flow. A heat flow map by Šefara 
et al. (1998) shows val ues of 50–60 mWm–2 in the
Carpathian Foredeep, and slightly higher ones (60 mWm–2)
in the flysch Carpathians and Podhale Ba sin. These val ues
tend to in crease in the Krynica re gion to 70 mWm–2, and
par tic u larly SE of Krynica, where at the bound ary be tween
the Pieniny Klippen Belt and Magura Nappe heat flow val -
ues are 80–90 mWm–2.

Close to Krynica, re li able geo ther mal mea sure ments
were con ducted at sev eral bore holes. Bore hole Bañska IG-1 
near Nowy Targ re vealed an in crease in tem per a ture from
16° C at the groundsurface to 127°C at a depth of 4,750 m,
re sult ing in geo ther mal gra di ent of 23.37°C/km, i.e. 42.793
m/1°C. Com pa ra ble fig ures were re corded in bore holes:
Maruszyna IG-1 (19.4°C/km), Obidowa IG-1 (21.0°C/km),
and Porêba Wielka IG-1 (22.7°C/km; A. Tomaœ, pers.
comm. 1990).

The Hanušovce-1 bore hole, 6,003 m deep, was drilled
in east ern Slovakia, some 60 km SE of Krynica, at the con -
tact be tween the Pieniny Klippen Belt and Magura Nappe.
Mea sure ments con ducted in the depth in ter val of 10 to
5,440 m in this bore hole helped to de ter mine geo ther mal
gra di ent at 34.27 m/1°C, i.e. 29.18°C/km (Leško et al.,
1985). Seg ment mea sure ments in di cated 37.96 m/1°C
(26.34°C/km) for depths 100–2,700 m, and 31.74 m/1°C
(31.51°C /km) for the in ter val of 2,700–5,874 m. An other
bore hole in east ern Slovakia (Smilno-1; 5,700 m deep) is
sit u ated within the Magura Nappe, some 30 km east of
Krynica, its geo ther mal gra di ent be ing from 31.25 to 38.25
m/1°C (26.14–32.0°C/km) (Leško et al., 1987). Ex trap o la -
tion of these data to a depth of 20 km helped to re con struct
the pat tern of iso therms at the Bochnia-Krynica cross-sec -
tion. At this depth, tem per a tures range be tween 400°C near
Bochnia to 500°C close to Krynica.

RE CENT SEIS MIC ITY

Earth quakes in the Krynica area have been re corded for 
a long time (cf. Pagaczewski, 1972). The last man i fes ta tions 
of seis mic ac tiv ity date back to 1992–1993 years (Wiejacz,
1994; Dêbski et al., 1997).

Bas ing on in stru men tal data re corded by more than ten
seis mic sta tions in Cen tral Eu rope and also macroseismic

ob ser va tions, it was pos si ble to pre cisely lo cate epi centres
of the last earth quakes (Fig. 7). Ac cord ing to in stru men tal
data, most of the epi centres were sit u ated NE of Krynica,
i.e. close to Czyrna (B, D, H, I; cf. Ta ble 1), north of
Piorunka (E), and NE of Mochnaczka (C). Two epi centres
oc curred at Tylicz (A, J), and sol i tary ones were ob served at 
Muszynka (G), Krynica (F), and close to the mouth of the
Czarny Potok Stream (Fig. 7). The re sults of macroseismic
ob ser va tions, in turn, place the epi centres far ther east, i.e. at
Banica vil lage (March 1, 1993) and on the south ern slope of 
the Lackowa Góra Mt. (June 29, 1992), at the Pol ish-Slo vak 
bound ary. Fo cal depths were be tween 2 and 6 km, ex cept
for two quakes whose foci were lo cated deeper in the up per
crust (A, H; 14–19 km). The stron gest earth quakes (June
28, 29, and 30,1992) re vealed mag ni tudes of 4.1, 4.2, and
3.4, re spec tively; whereas the March 1, 1993 earth quake
showed a mag ni tude of 4.7. The MSK-60 ten-grade scale
in ten si ties of the earth quakes of March 29, 1992 and March
1, 1993 were 5 and 7, re spec tively. The pat tern of isoseis-
mal lines of June 29, 1992 earth quake was aligned NW–SE, 
while that of March 1, 1993 earthquake was NE–SW.

Fault plane so lu tions were cal cu lated by Dêbski et al.
(1997) for earth quakes A, D, E, and H. Event A was as so ci -
ated with a nor mal fault, show ing a mi nor strike-slip com -
po nent (nodal plane A: N78°E, 50°SE), while event D can
be re lated to a re verse fault, also show ing a mi nor strike-slip 
com po nent (nodal plane A: N110°W, 51°NW). In the lat ter
case, the in ferred fault plane strike is par al lel to the Pieniny
Klippen Belt (Dêbski et al.,1997). Fo cal so lu tion for event
E is com pa ra ble to that of event D. Event H was ap par ently
as so ci ated with a deep-seated strike-slip fault (nodal plane
A: N31°W, 61°NE). Fo cal so lu tions ob tained for events A,
D, E, and H are dif fer ent, al though point ing to a N–S-ori en -
tated max i mum com pres sion, which is com pat i ble with that
re corded by break outs re corded in Tarnawa 1 and Rajbrot 2
bore holes, sit u ated north of Krynica (Jarosiñski, 1998). An -
other in ter pre ta tion was pro posed by Wiejacz (1994), who
re lated 29 June, 1992 and March 1, 1993 earth quakes to a
max i mum com pres sion aligned NNW–SSE to NW–SE, and 
concluded about strike-slip character of displacement.

In stru men tally de ter mined epi centres clus tered along
transversal faults that strike NE–SW (Fig. 7). Three epi -
centres near Czyrna (B, H, I), show ing mag ni tudes, re spec -
tively: 3, 3.3, and 4.2, are re lated to the S³otwina Fault,
while earth quakes in Krynica (F) and north of Mochnaczka
(C) should be con fined to the Krynica Fault. Event E can be
as so ci ated with the Andrzejówka-Roztoka Wielka Fault (M
= 4.2), whereas A, D, and J events may have been re lated to
transversal faults strik ing NW–SE. Epi centres A and J were
sit u ated in a close prox im ity to the Tylicz Fault (DT), and
nodal plane B of event A was par al lel to the strike of this
fault, its mech a nism be ing a nor mal one. On the other hand,
the mech a nism of event D was re lated to a re verse fault
strik ing along the con tact be tween the Bystrica and Ra¹a
sub units. Macroseismically de ter mined epi centres clus tered 
along the Powro�nik Fault (March 1, 1993) and at the con -
tin u a tion of the Tylicz Fault (June 29, 1992).

Ac cord ing to Prochazková et al. (1994) and Labak and
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Brouèek (1996), the West Carpathians are dom i nated by
shal low earth quakes, the fo cal depths of which in the Slo -
vak part do not ex ceed 15–17 km, i.e. co in cid ing with the
lower bound ary of the brit tle up per crust (Šefara et al.,
1998). The thick ness of the lat ter was de ter mined by Bielik
and Antal (2006) at 25 to 35 km along the 2T seis mic pro -
file. Lankreijer et al. (1999) have shown that a brit tle layer
of high strength (200–240 MPa) is re lated to the up per, 20
km thick, crust, whereas the lower crust in this area is up to
10 km thick and shows low strength val ues (up to 40 MPa).
Sub tract ing 3 to 9 km thick low-strength sed i men tary se ries
from the thick ness of the brit tle layer would sug gest that
earth quakes could be gen er ated in a rel a tively thin (10–20
km) brittle crust.

As far as the seis mic ity of Krynica Spa is con cerned,
pre vi ous earth quakes of De cem ber 17, 1857 and May 6,
1909 re vealed in ten si ties com pa ra ble to those of 1992 earth -
quakes (Wiejacz, 1994). Judg ing from Prochazková et al.’s
(1994) map, as well as 1992–1993 earth quakes, one should
ex pect events not ex ceed ing grade 7 of the MSK-60 scale,
of re cur rence in ter val rang ing be tween 50 and 100 years,
for this area. Ac cord ing to Wiejacz (1994), the lat est earth -
quakes in Krynica Spa do not pose threat to min eral wa ter
re sources in this re gion. The only dan ger would be pro vided 
by earth quakes sit u ated in the clos est prox im ity to indivi-
dual intakes of mineral waters.

SURFICIAL SED I MENTS
AND CON TEM PO RARY GEO LOG I CAL

PRO CESSES

Geomorphological stud ies and de tailed map ping of
Qua ter nary sed i ments were per formed in the years 1997–
1998. The hith erto-con ducted re search in this do main in -

cludes: gen eral maps of Qua ter nary sed i ments (Œwidziñski,
1972; Chrz¹stowski et al., 1995; Zuchiewicz, 1998b), ana-
lyses of se lected land slides (Z. Alexandrowicz & S. W.
Alexandrowicz, 1992; Margielewski, 1995a, b; 1997a, b,
1998; S. W. Alexandrowicz, 1996; S. W. Alexandrowicz &
Z. Alexandrowicz, 1999), as well as un pub lished geo log i -
cal-en gi neer ing re ports (i.a., Œlebodziñski et al., 1975;
Lipiec-Petryna, 1979; Fistek & Szarszewska, 1987).

Geomorphological set ting

The Kryniczanka river catch ment area is sit u ated at the
bound ary be tween the Beskid S¹decki, Beskid Niski, and
Èerchov Moun tains (Starkel, 1991). The north ern part of
this catch ment is char ac ter ised by to pog ra phy typ i cal of
poorly re ju ve nated wa ter shed ar eas, of re lief 150–200 m,
whereas the south-west ern part dis plays prop er ties of a tran -
si tional area be tween foot hills and low moun tains, show ing
re lief of 200 to 250 m. The Czarny Potok Stream par tial
catch ment, in turn, dis plays to pog ra phy of low and mid dle
moun tains, of re lief en ergy val ues not ex ceed ing 500 m.

The dom i nant land forms are broad and rounded, rarely
– upon ex po sures of thick-bed ded Krynica sand stones and
con glom er ates – nar row and rounded ridges, ori en tated
NW–SE, sim i larly to the pre dom i nant bed rock struc tures.
Short (up to 500 m long) ridges, ori en tated W–E and N–S,
are to be found in the cen tral part of the catch ment, par tic u -
larly at the Kryniczanka and Czarny Potok rivers’ inter-
fluve. The sum mits are usu ally dome-like, rarely hay stack-
type or – upon ex po sures of the Krynica con glom er ates –
cone-like. Ridge-top flattenings are de lim ited by struc -
tural-denudational breaks. Most of these flat sur faces are ei -
ther struc tur ally- or lithologically-con trolled, be ing cut into
shales or thin-bed ded flysch strata. Flat ridge seg ments rep -
re sent ei ther planation sur faces (Kram, 1966; Starkel 1972;
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Ta ble 1

List of 1992-1993 earth quakes in Krynica Spa (af ter Dêbski et al., 1997)

Earthquake Date Hour, minute Latitude Longitude Magnitude Focal depth (km)

A 28.05. 1992 23:18 49° 02' 21° 02' 4.1 (F)1 (14-19) (i)4

B 28.05. 1992 23:22 49° 29' 21° 05' <3 (F)

C 28.05. 1992 23:28 49° 27' 21° 08' <3 (F)

D 29.05. 1992 00:29 49° 30' 21° 07' 4.2 (M)2 (2-6 ) (i) (3) (m)5

E 29.05. 1992 00:35 49° 32' 21° 05' 4.2 (A)3 (4-5) (i)

F 29.05. 1992 06:05 49° 24' 20° 57' 3.5 (A)

G 30.05. 1992 23:34 49° 20' 21° 01' 3.4 (A)

H 1.03. 1993 07:42 49° 29' 21° 04' 4.7 (M) >19(i) (3) (m)

I 1.03. 1993 08:22 49° 28, 20° 58, 3.3 (A)

J 1.03. 1993 18:42 49° 24' 21° 01' 2.4 (A)

1 F - foreshock, 2 M – main shock, 3 A - after shock, 4  i – in stru men tal data, 5 m – macroseismic data



Zuchiewicz, 1984) or rather struc tural-denudational land -
forms. They rise upon re cent val ley floors at ca. 400 m
(“Beskidy level”?; Jaworzyna Krynicka Range), 200–
230 m (“intramontane level”), 100–150 m (“foot hills
level”), as well as 80–85 m and 50–60 m (Early Qua ter nary
”riv er side level"). Lower-sit u ated straths (35–45 m, 20–25
m) are prob a bly of Middle and Late Quaternary age (cf.
Zuchiewicz, 1998b).

The slopes usu ally have con vex-con cave, rarely con -
cave pro files, are rel a tively short and, in the up per part of
the Czarny Potok Stream val ley, steep. Slopes of the west -
ern side of the Kryniczanka River val ley are up to 1 km long 
in the lower course of the river. They dis play con cave or
con vex-con cave pro files, and pass into slope-base glacis-
like sur faces man tled by a thin ve neer of slopewash and
solifluction-slopewash sed i ments. Slopes on the op po site
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val ley side are shorter and more steep. Ridges and slopes
oc cur ring SE of the Jaworzyna Krynicka mas sif dis play iso -
lated tors, 4–7 m high, built up of the very thick-bed ded
Krynica sandstones.

The drain age pat tern is of trel lis and den dritic type, and
in the up per part of the Czarny Potok Stream catch ment also 
of rect an gu lar type, fol low ing both the strike of faults and
ex po sures of bed rock strata of vari able re sis tance to ero -
sion. Long val ley seg ments usu ally run sub se quently in re -
spect to the bed rock struc tures; short val ley reaches be ing
ei ther obsequent or resequent. The per ma nently drained val -
leys are both V-shaped and flat-bot tomed (Kryniczanka,
S³otwinka, mid dle and lower course of Czarny Potok
Stream, lower courses of Czerwony and Szczawiczny
streams), the lat ter show ing a se quence of a few strath and
cut-and-fill ter races. The ep i sod i cally drained val leys are
rep re sented by gullies and dellen, usually not very deep.

Steep slopes of deeply-cut V-shaped val leys in the NW
por tion of the study area are oc cu pied by rocky land slides,
the sizes of which rarely ex ceed 150 x 100–200 m (Fig. 8).
These land slides clus ter on the left-hand side of a left trib u -
tary of the Czarny Potok Stream (Drobiakówka Mt.), on the
SE slope of a ridge ex tend ing to the east of the Jaworzyna
Krynicka Mt., on south ern slopes of the Wierch Mt., as well
as SE of the Szczawna Góra Mt. Their oc cur rence is usu ally
con fined to the con tact be tween the thick-bed ded Krynica
sand stones and con glom er ates and thin-bed ded turbidites of 
the Zarzecze and/or Szczawnica for ma tions. The larg est
land slides, both obsequent and com pos ite ones, ac com pany
fault zones on the west ern slope of the Parkowa Góra Mt.
(700 x 500 m), NE slope of the Parkowa Góra Mt. (250 x
300 m), as well as the Jastrzêbia Góra Mt. slope (250 x
300 m). The first land slide is sit u ated shortly north of the
Krynica Fault, the re main ing two are placed on the Tylicz
Fault zone. These land forms dis play dif fer en ti ated to pog ra -
phy, show sev eral gen er a tions of land slide scars up to 30 m
high, as well as nu mer ous mi nor ridges, grooves, and de -
pres sions that are ei ther dry or wa ter-filled. The Parkowa
Góra Mt. land slide has been de vel op ing in sev eral stages
since the Late Vistulian time (cf. Z. Alexandrowicz & S. W. 
Alexandrowicz, 1992). Mi nor land forms are rep re sented by
landslumps and landslips oc cur ring within head wa ter seg -
ments of the Czerwony Potok and  Zródlany Potok streams,
close to Zuber III well, within Zródlane liv ing quar ter, and
on ei ther side of the mid dle and up per reaches of the Szcza-
wiczne Stream val ley. Smaller landslips, re sult ing from lat -
eral flu vial ero sion, ac com pany left-hand val ley sides of the
Zródlany, Palenica, and Czarny Potok stream val leys,
whereas mi nor slumps are ubiq ui tous upon ex po sures of
thin-bed ded and shaly flysch strata. These are usu ally com -
pos ite, rarely con se quent and obsequent land forms.

Most of the land slides are sta bi lised land forms. Re -
cently ac tive land slides are lo cated in Krynica Spa (above
“Lwigród” re sort), within head wa ter seg ments of the Zród-
lany and Czerwony streams, in the mid dle and up per
reaches of the Szczawiczne Stream, as well as upon slopes
of the right-hand side of the Kryniczanka River val ley in its
down stream reach.

Qua ter nary sed i ments

Qua ter nary sed i ments are rep re sented by regoliths,
slope de pos its, al lu via of the Mid dle-Late Pleis to cene
through Ho lo cene age, and organogenic (cal car e ous tufas)
sed i ments (Figs 2, 8). Their thick ness is usu ally be tween 0.5 
m and a few metres, ex cept for some solifluction and
slopewash sed i ments, as well as al lu via in the lower courses 
of the Kryniczanka and Czarny Potok streams, the thick ness 
of which reaches up to 10–15 m.

Weath er ing cov ers, 0.3–7 m (av er ag ing 0.5–4 m) thick,
are ubiq ui tous upon interfluves and up per parts of slopes.
Their com po si tion is strongly de pend ent on the lithology of
the bed rock. Cov ers com posed ex clu sively of boulders and
grus are rel a tive rare; they ac com pany ex po sures of the
Krynica con glom er ates and thick-bed ded Magura sand -
stones, par tic u larly in the Jaworzyna Krynicka massif. On
the con trary, sandy cov ers and sands bear ing an gu lar sand -
stone clasts, 15–20 cm in di am e ter (up to 0.5 m), are ubiq ui -
tous upon thick-bed ded sand stones and con glom er ates, both 
in the Jaworzyna Krynicka mas sif and at the Kryniczanka
and Czarny Potok rivers’ interfluve, as well as in the north -
ern part of the catch ment area. Silts and silty sands bear ing
an gu lar de bris are in fre quent, and re stricted to ex po sures of
the Maszkowice Sand stone Mem ber, like clayey and
clayey-sandy cov ers that tend to de velop upon thin-bed ded
turbidites and shales, par tic u larly in the central por tion of
the study area. The amount of de bris changes from 5 to 40% 
(10–20% on the av er age), whereas the amount of clay does
not exceed 40%, av er ag ing 20–30%.

Slope de pos its in clude land slide colluvia and soliflu-
ction-slopewash sed i ments. Land slide col lu vium is usu ally
com posed of sandy, sandy-clayey and clayey loams bear ing
an gu lar de bris and, at places, cha ot i cally ori en tated boul -
ders up to 1 m in di am e ter (usu ally 20–30 cm across). Mi nor 
landslumps and landslips are built up of loams bear ing
small-size de bris. Land slide colluvia are from a few to a
dozen or so metres thick.

Land slide phases re corded in the catch ment area (Z.
Alexandrowicz & S. W. Alexandrowicz, 1992) and the
nearby Jaworzyna Krynicka mas sif (Margielewski, 1995a,
1997a,b) were largely co eval with wet phases of the Ho lo -
cene (S. W. Alexandrowicz, 1996). The Parkowa Góra
land slide, stud ied in de tail by Z. Alexandrowicz and S. W.
Alexandrowicz (1992), orig i nated around 8,430 years BP,
be ing later re ac ti vated be fore 2,690 years BP, and in the lat -
est Ho lo cene (S. W. Alexandrowicz & Z. Alexandrowicz,
1999).

Solifluction and slopewash sed i ments are 7–15 m (av.
3 m) thick. These cov ers ac com pany lower, con cave parts
of slopes in the S³otwinka Stream catch ment, as well as in
the lower courses of the Czarny Potok and Kryniczanka
rivers, fre quently interfingering with al lu vium of the Mid -
dle-Pol ish and Vistulian ter races. Slopewash sed i ments,
2.5–4 m thick, are well ex posed on the right-hand side of the 
Kryniczanka River val ley in Krynica Spa and in a brick-
yard sit u ated south of the mouth of the Czarny Potok Stream 
(Fig. 8). These are vari-grained sands, usu ally me dium to
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fine-grained, show ing in dis tinct par al lel, wavy or len tic u lar
lam i na tion. Upon ex po sures of the Krynica con glom er ates,
these sands bear a mi nor ad mix ture of fine gravel, 0.5–2 cm
in di am e ter. These sed i ments over lie thin solifluction depo-
sits as well as Late Pleis to cene al lu vium. The solifluction
covers proper are rep re sented by 0.5–3 m (up to 10–11 m)
thick sandy, sandy-clayey, rarely sandy-silty loams, rusty or 
light-brown in col our, bear ing an gu lar sand stone clasts,
0.5–3 to 5–15 cm in di am e ter, that are aligned par al lel to the 
slope. Poor pres er va tion of ex po sures makes de tailed iden ti -
fi ca tion of solifluction pro cesses im pos si ble; one can only
in fer that the Vistulian (late Pleniglacial?) sheet solifluction
and outcrop curvature processes must have been predo-
minant.

Flu vial sed i ments, 0.5 to 8–10 (av. 2–3) m thick, build
Late Pleis to cene and Ho lo cene ter races and al lu vial fans
(Figs 2, 8–11). These are mostly chan nel lag sed i ments,
com posed of fine- and me dium-grained grav els, poorly and
very poorly rounded and poorly sorted, that are over lain by
thin sands and silty sands of the overbank fa cies in the lower 
reach of the Kryniczanka River val ley. The thick ness of in -
di vid ual ter race cov ers rarely ex ceeds a few metres, reach -
ing up to 10–12 m within al lu vial fans of major tributaries.

Morphostratigraphy of flu vial ter races

The above-dis cussed sed i ments build a num ber of ero -
sion-accumulational and cut-and-fill ter races, whose com -
plete se quence can be stud ied in the Kryniczanka River val -
ley (Figs 2, 9–11; Ta ble 2).

T1 – 35–40 m ter race
In the mid dle and lower courses of the Kryniczanka

River val ley, the T1 ter race is 37–38 m to 40–42 m high,
whereas in the up per course the co eval straths are el e vated
at 36–40 m to 42–46 m above the river bed. At Krynica Spa, 
poorly pre served gravel se ries is to be found at 35 m, and
the great est thick ness of al lu vium (7–12 m) has been en -
coun tered close to a brickyard sit u ated down stream of the
Czarny Potok and Kryniczanka rivers’ con flu ence. These
are vari ably weath ered clasts, 2–3 cm to 15–16 cm in di am -
e ter, poorly and very poorly rounded and poorly sorted,
densely packed in fine gravel (0.5–1 cm across) and coarse-
to me dium-grained loamy sand, that interfinger in the
near-slope parts with sandy loams bear ing an gu lar de bris,
and are over lain by 3-m-thick slopewash sands and loams.

T2 – 20–30 m ter race
These are poorly pre served straths, over lain at places by 

a thin ve neer of weath ered flu vial grav els. Rel a tive el e va -
tions tend to change from 21–25 m in the up per and mid dle
reaches to 25–35 m in the lower course of the Kryniczanka
River val ley.

T3 – 15–20 m ter race
The ter race sur face is a lit tle bit lower than the T2 ter -

race, al though form ing a sep a rate step over lain by 2–2.5 to
4–7 m thick flu vial se ries. Close to the mouth of the
Kryniczanka River, iso lated straths have been pre served at
some 20–23 m above river bed. In di vid ual straths of this ter -
race change from 12.5–10 m in the mid dle river course to
7–7.5 m in the lower one. At Krynica-Wieœ, 4–7 m thick
weath ered grav els, poorly rounded and poorly sorted, 4–20
cm (av. 6–8 cm) in di am e ter, packed within fine (0.5–2 cm)
gravel and loamy sand, are ex posed. They are over lain by
sandy loams with an gu lar de bris.
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Ta ble 2

Ter races in the Kryniczanka River val ley (in metres; el e va tion of straths given in brack ets)

T Upper reach Middle reach
Lower reach

A 
Lower reach

B
Lower reach

C

80
50–55

60–65
100

80–85
85–90

60

T1 37–38 36–40/33–35 40–42/30 42–46

T2 25–30/20 21-26 26–35/24–26

T3 14–15 (12.5) 14–17 (10)/15 20–21 20-23

T4
10 (5)
5–6

10–12
6–8

11–12 (3.5)
8-9

12–14 (9.5)
6–8/9–10
(4.5–7)

8–9/11–12 (7)
7–10

T5 4 4–5 4–6 5–6/4–5 6–7/4–5

T6 2–2.5 2–3 2–3 2-3 2.5–3/1.5–2.5

Up per reach: head wa ters – mouth of the S³otwinka Stream, mid dle reach: mouth of the S³otwinka Stream – mouth of a right-hand trib u tary near Zielona
Street, lower reach: A – mouth of a right-hand trib u tary near Zielona Street – mouth of the Czarny Potok Stream, B – mouth of the Czarny Potok Stream
– right-hand trib u tary at Zawodzie, Krynica-Wieœ, C – right-hand trib u tary at Zawodzie, Krynica-Wieœ – mouth of the Muszynka River at PowroŸnik;
100 m – foot hills level; 80–85 m, 50–60 m – frag ments of the riv er side level; T1–T4 – Pleis to cene ter race steps; T5– T6 – Ho lo cene ter race steps



T4 – 10–12 m ter race
This landform oc cu pies the larg est sur face among bot -

tom ter races in the Kryniczanka River val ley. It is com -
posed of two sep a rate steps, 10–12 m and 6–8 to 7–10 m
high, that are fre quently over lain by al lu vial fan sed i ments.
The straths rise from 5 m in the up per reach, through
3.5–4.5 m at Krynica-Wieœ, to some 2 m in the lower reach.
The ter race sur face grad u ally passes into gently in clined
slopes that are cov ered by solifluction-slopewash sed i -
ments. These ter race steps do also oc cur in lower courses of
the Kryniczanka’s main trib u tar ies, namely: the S³otwiñski,
Palenica, Czarny Potok, and Szczawiczne streams (Figs 2,
8–11). It is likely that these flu vial sed i ments orig i nated

dur ing the last gla cial stage (Vistulian) and rep re sent, re -
spec tively, ei ther early and late Pleniglacial, or late
Pleniglacial and Late Gla cial (?) time in ter vals.

T5 – 4–6 m ter race
These are mostly cut-and-fill ter races that form 5–6 m

and 4 m high steps in the up per reaches, 4–5 m and 5–6 m in 
the mid dle reach, and 4–6 m in the lower reaches. The al lu -
vium is pre dom i nantly com posed of grav els and cob bles of
the chan nel lag fa cies.

T6 – 2–3 m ter race
These are also cut-and-fill ter races that build steps of
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Fig. 9. Lo ca tion of cross-sec tions through Qua ter nary sed i ments of the Kryniczanka River val ley



rel a tively small width and ris ing 2–2.5 m, 2–3 m or 1.5–2.5
m above river beds. Such land forms are ubiq ui tous in the
Kryniczanka River val ley and its ma jor trib u tar ies.

Flu vial sed i ments which are co eval with the T4 to T6

ter race cov ers are to be ob served in the main Kryniczanka’s
trib u tary val leys. Older ter races are rep re sented in larger
val leys by straths or ero sional breaks of slope. The
S³otwinka Stream val ley, in the north ern part of the study
area, bears a se quence of straths and ero sional breaks 30–35 
m, 15–20 m to 20–25 m, and 10–12 m to 8 m high, ero -
sional-accumulational ter races that rise 5–6 m to 6–8 m
(T4), and 4–5 m to 5–6 m (T5?), as well as cut-and-fill ter -
races: 2–3 m and 1.5–2 m (T6). At the mouth of the Czarny
Potok Stream, the larg est right-hand trib u tary of the
Kryniczanka River, be neath straths ris ing at 32–42 m, one
can ob served ero sional-accumulational: T1 (20–32 m), T2

(19 m), T3 (17 m, straths at 7 m), and cut-and-fill ter races:
T4 (7.5–8 m to 9.5–12 m and 5–7 m), T5 (5–5.5 m to 4 m
and 3–3.5 m), and T6 (2–3 m), along with 10-m-broad
gravel-cov ered floodplains. The Vistulian ter race cov ers are 
com posed of grav els 3–8 cm in di am e ter, densely packed in
loamy, vari-grained sand. Late Pleis to cene dellen, filled
with solifluction sed i ments, have been dis sected in Ho lo -
cene times by some 7–11 m, whereas al lu vium in fill ing such 
scours rarely ex ceeds 3 m in thick ness.

Organogenic sed i ments are rep re sented by cal car e ous
tufas and organogenic silts and peat in fill ing land slide de -

pres sions. Cal car e ous tufas have been found in the mid dle
reach of the Czerwony Potok Stream val ley, in SW part of
the Parkowa Góra land slide, as well as in the north ern por -
tion of that land slide to the east of £abêdzi Staw pond (Figs
2, 8). These are near-spring tufas that have been formed
both re cently (Czerwony Stream), and dur ing sev eral stages 
since the close of the Vistulian (Parkowa Góra land slide). In 
the lat ter case (Z. Alexandrowicz & S. W. Alexandrowicz,
1992), cal car e ous tufas rich in gas tro pods were mainly
formed at the end of the Vistulian, in the Early Ho lo cene,
dur ing the At lan tic phase, and in his tor i cal times un der con -
di tions of, re spec tively, sparsely for ested, for ested, and
anthropogenically for ested slopes. Cal car e ous silts un der ly -
ing cal car e ous tufa in the SW part of the land slide have been 
ra dio car bon-dated to 12,400 ± 200 yrs BP (Gd-6095),
whereas cal car e ous tufas at the £abêdzi Staw pond gave an
age of 2,690 ± 110 yrs BP (Gd-2787). Tufas oc cur ring in
the SW part of the land slide are over lain by allochthonous
peat bear ing fallen tree trunks and branches that have been
dated to 8,430 ± 90 yrs BP (Gd-5567; cf. Z. Alexandrowicz
& S. W. Alexandrowicz, 1992).

Dis cus sion
The age of al lu vial sed i ments is dif fi cult to con strain

due to the lack of dat able ma te rial. Nev er the less, tak ing into 
ac count morphostratigraphic cri te ria, and par tic u larly mu -
tual re la tion ships be tween al lu vium and solifluction de pos -
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Fig. 10. Cross-sec tions through Qua ter nary sed i ments of the Kryniczanka River val ley
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Fig. 11. Li thol ogy of Qua ter nary sed i ments ex em pli fied by ter races and al lu vial fans at the con flu ence of the Palenica and Kryniczanka
rivers at Krynica Spa (bore hole data based on Fistek & Szarszewska, 1987). See Figs 2 and 8 for lo ca tion



its whose interfingering in the near-slope bases tes ti fies to a
“gla cial” age of an al lu vial se ries (cf. Klimaszewski, 1971;
Starkel, 1971), ter races T5 and T6 to gether with co eval al lu -
vial fans can eas ily be as signed a Ho lo cene age, whereas the 
T4 ter race steps should be con sid ered as formed in Vistulian 
(Weichselian) times. The age of older ter race cov ers can be
in ter preted ei ther as: (a) Sanian (Elsterian?) – T1, Odranian
(Drenthe) – T2, and Wartanian (Warthe) – T3; or (b)
Odranian – T1 and T2, and Wartanian – T3. The first op tion
ap pears to be a more plau si ble one.

MIN ERAL WA TERS

The Krynica area is very rich in nat u ral min eral wa ters
(Œwidziñski, 1972). The belt of min eral wa ter springs ex -
tends be tween Tylicz and Krynica, and then con tin ues
through PowroŸnik-Jastrzêbik-Z³ockie to the Poprad River
val ley be tween Muszyna-Milik and ¯egiestów Spa (Fig. 7).
The oc cur rence of car bon ated wa ters in Krynica is strongly
con trolled by geo log i cal struc ture of this area. Min eral
springs are usu ally as so ci ated with an ti cli nal hinges,
wherein ei ther Szczawnica or Zarzecze for ma tions crop out. 
These springs are also com monly close to some of the fault
zones, first of all the Krynica (KF) and Tylicz (TF) faults.
The west ern bound ary of the min eral springs area is marked
by the S³otwina (SF) and Jaworzynka (JF) faults. In the
Palenica Stream val ley, min eral wa ters flow out from the
Maszkowice Sand stone Mem ber, while in the Zródlany
Stream val ley they orig i nate from the Szczawnica For ma -
tion. On the south ern pe riph ery of Krynica Spa, min eral wa -
ters oc cur in the Szczawiczne Stream val ley (Fig. 7),
wherein springs are re lated to the Krynica Mem ber, which
shows the best col lec tor prop er ties among strata com pos ing
the Magura Nappe in this re gion. The Krynica Sand stone
Mem ber is com posed of thick-bed ded con glom er ates and
coarse- to me dium-grained sand stones of clayey-marly ce -
ment, which are very poorly com pact close to the
groundsurface. The sand stones oc cur within shale-sand -
stone com plexes of the Zarzecze lithofacies, and tend to
form 10 m to 250 m thick bod ies. In map view, this mem ber
is most wide spread in the lower course of the Kryniczanka
River, i.e. within the Szczawiczne Stream catch ment and at
Zawodzie.

The num ber of min eral springs and wells ex ploit ing
min eral wa ters amounts to 32 in Krynica Spa (Ciê¿kowski
& Koz³owski, 1999). Ac cord ing to Œwidziñski (1972), the
debit of springs var ies from 4, 5 l/min (spr. Józef) to 46
l/min (spr. G³ówny). These wa ters be long to the bi car bon ate 
type, show ing dif fer en ti ated com po si tion of the main cat -
ions (Na+, Ca2+, Mg2+). These wa ters, sat u rated by car bon
di ox ide and show ing min er ali sa tion of at least 1000
mg/dm3, are called in Pol ish “szczawa” [schtchava] (Œwi-
dziñski, 1972).Their to tals of dis solved sol ids (TDS) var y
be tween 1.0 (0.65) g/dm3 and 28.14 g/dm3 (Ciê¿kowski &
Koz³owski, 1999). The max i mum con tent of free CO2

(2.7–2.9 g/dm3) was de ter mined in the G³ówny [Main] and
S³otwinka springs, re spec tively (Œwidziñski, 1972). On the
sur face, a de crease in dis solved CO2 re sulted in pre cip i ta -

tion of red and brown, col loi dal hy drox ides (ochre). Among 
min eral wa ters of Krynica Spa, Ciê¿kowski and Koz³owski
(1999) dis tin guished seven hydrochemical types, three of
them be ing most fre quent: HCO3-Ca (0.5–5.1 g/dm3 TDS);
HCO3- Mg (3.2–10.2 g/dm3 TDS), and HCO3-Na
(21.2–29.4 g/dm3 TDS). Wa ters of the first two types are of
me te oric or i gin. These wa ters, dis charg ing from springs and 
withdrawn from wells up to 200 m deep, con tain tri tium
(Oszczypko & Zuber, 2002). Min eral wa ters of more shal -
low cir cu la tion dis play tri tium ages rang ing from 9 to 50
years (Zuber et al., 1999). The last type, known only from
four deep wells (Zuber I–IV; depth in ter val 670–919 m) and 
show ing in creased Cl– and Mg2+ con tents, are called “Zu-
ber” wa ters, com mem o rat ing the name of their dis cov erer,
Prof. Rudolf Zuber (see Œwidziñski, 1972; Oszczypko &
Zuber, 2002).

Oszczypko and Zuber (2002) con cluded that the
Cl–-d2H re la tion ship of the “Zuber-type” wa ters is typ i cal
of de hy dra tion wa ters, and that the for mer should be re -
garded as re sult ing from mix ing be tween me te oric and
diagenetic wa ters. The avail able heat flow and deep base -
ment struc ture data al low one to safely con clude that the or i -
gin of car bon di ox ide and “Zuber-type“ min eral wa ters
could be re lated to de hy dra tion and decarbonatisation of the 
basal part of the Outer Carpathian flysch cover and the
strata of the plat form base ment.

GEO LOG I CAL AS PECTS OF THE OR I GIN 
OF CAR BON DI OX IDE IN MIN ERAL

WA TERS IN KRYNICA SPA

The or i gin of car bon di ox ide in min eral wa ters of the
south ern por tion of the Magura Nappe was stud ied for a
long time. In 1938, Jan Nowak con cluded that the oc cur -
rence of CO2 is as so ci ated with the south ern pe riph ery of
the Carpathian pe tro leum prov ince, and its or i gin re sults
from fi nal ox i da tion of hy dro car bons. A com pletely dif fer -
ent view was ex pressed by Œwidziñski (1972) who as so ci -
ated the or i gin of car bon di ox ide with man i fes ta tions of
Ter tiary vol ca nism. A pos si bil ity of meta mor phic or i gin of
CO2 was al ready sug gested by Borys³awski et al. (1980),
but gen u ine prog ress in solv ing this ques tion was pro vided
by iso to pic stud ies (Leœniak, 1998; and pa pers cited
therein), which un equiv o cally pointed out that the Poprad
re gion is dom i nated by CO2 pro duced due to ther mal de -
struc tion of car bon ate and si li ceous rocks.

The or i gin of CO2 in this area can not be fully ex plained
with out de tailed re con struc tion of Mio cene oro gen esis of
the West ern Carpathians. Not with stand ing nu mer ous
doubts, it is com monly ac cepted that the Outer Carpathian
accretionary prism was fi nally shaped in the mid-late Mio -
cene, due to con ti nen tal col li sion be tween the North-Eu ro -
pean plate and ALCAPA and Tisza-Dacia microplates (Bir-
kenmajer, 1986; Oszczypko, 1998). This col li sion was ac -
com pa nied by calc-al ka line (andesitic) vol ca nism. In the
Pol ish Carpathians, the oc cur rence of andesites is re stricted
to a nar row zone ex tend ing be tween Czorsztyn and Szczaw- 

88  N. OSZCZYPKO & W. ZUCHIEWICZ



nica, within the Grajcarek Unit of the Pieniny Klippen Belt,
and the south ern por tion of the Krynica sub unit of the Ma-
gura Nappe (Birkenmajer, 1992). Andesitic in tru sions dis -
ap pear to the east of Szczawnica and re-ap pear 70 km
farther east ward, near Prešov in east ern Slovakia. The youn -
gest gen er a tion of andesites near Czorsztyn was dated to the 
Sarmatian (12.5–10.8 Ma; cf. Birkenmajer, 1992, Birken-
majer & Pécskay, 1999, 2000). Fol low ing this date, the fi nal 
ep i sode of thrust ing of the Carpathians upon Carpathian
Foredeep strata took place, its am pli tude at tain ing at least
30 km (Oszczypko, 1998). One can sup pose, there fore, that
andesitic dykes near Czorsztyn and Szczawnica are cut off
their feed ing vents; what ex plains the lack of CO2 ex ha la -
tions in this area (Rajchel et al., 1999).

Deep base ment struc ture and pres sure-tem per a ture con -
di tions of the Carpathians are im por tant to solve the ques -
tion of the or i gin of car bon di ox ide in the Krynica area (Fig.
7). In ter pret ing geo ther mal gra di ents re corded in bore holes
Smilno-1 and Hanušovce-1, one can re con struct tem per a -
tures of deeper parts of the crust in that re gion. Tak ing into
ac count av er age gra di ent of 29.18°C/km re corded in Hanu-
šovce-1 (Leško et al., 1985), it is pos si ble to de ter mine a
con stant in crease in tem per a ture with depth in the fol low ing 
way: up to 146°C per 5 km, 292°C per 10 km, and 584°C
per 20 km. A sim i lar pro ce dure can be ap plied when cal cu -
lat ing pres sures. Ac cept ing, af ter Bojdys and Lemberger
(1986), that spe cific den sity of the up per crust in this area
amounts to 2.7 t/m3, one can ob tain the fol low ing pres sure
val ues: 135 MPa per 5 km, 270 MPa per 10 km, and 540
MPa per 20 km. These parametres un equiv o cally sug gest
that in the Krynica re gion the basal part of the flysch cover
and un der ly ing plat form base ment rocks, i.e. Palaeogene–
Mio cene siliciclastic strata and Palaeozoic–Me so zoic car -
bon ates, be came sub jected to tem per a tures and pres sures
which are char ac ter is tic of shal low and in ter me di ate meta -
mor phic zones. Ac cord ing to Ma son (1990), such zones are
char ac ter ised by pro cesses lead ing to em a na tion of CO2 at
101.3 kPa, namely: hydration and decarbonatisation at tem -
per a tures of 185–190°C, de hy dra tion and decarbonati-
sation at 240–305°C, and decarbonatisation at 310–410°C.
These re ac tions tend to be ac com pa nied by for ma tion of
new min er als, like: talc, tremolite, di op side, for ster ite,
periclase, and wollastonite. As far as the Krynica area is
con cerned, the or i gin of both CO2 and min eral wa ters of the
“Zuber-type” is prob a bly as so ci ated with meta mor phic phe -
nom ena (Zuber & Grabczak, 1987). One can infer that such
processes proceed at a depth of ca. 10 km, at temperatures
ranging between 240° and 305°C (Fig. 7).

Magnetotelluric stud ies con ducted by Chen and Chen
(1998) in the Tai wan foldbelt in di cated that de hy dra tion
pro cesses lead to em a na tion of flu ids and the for ma tion of a
low-re sis tiv ity zone. This zone oc curs in Tai wan at depths
be tween 10 and 20 km, be ing prob a bly sit u ated at the
bound ary be tween the brit tle and duc tile crust, i.e. at the top
of the aseismic zone. The de hy dra tion zone is here as so ci -
ated with the greenschist-ze o lite fa cies oc cur ring in the
zone of col li sion be tween the Eurasian and Philippine
plates.

Near Krynica, in turn, the low-re sis tiv ity ho ri zon oc -
curs at a depth of 17–20 km (Oszczypko & Zuber, 2002),
prob a bly in the zone of col li sion be tween the North-Eu ro -
pean and ALCAPA plates (cf. ¯ytko, 1997). It can be con -
cluded that the or i gin of car bon di ox ide and “Zuber-type”
min eral wa ters in the Krynica area could have been re lated
to de hy dra tion and decarbonatisation of basal parts of the
Carpathian flysch cover and the un der ly ing platform
bedrock.

FI NAL RE MARKS

New de tailed geo log i cal map ping was per formed in
Krynica Spa, sit u ated in the south-east ern part of the
Magura Nappe at the bound ary be tween the Bystrica and
Krynica sub units. The Bystrica suc ces sion is com posed of
the Mid dle to Up per Eocene strata of the Magura For ma -
tion, while the Krynica suc ces sion is built up of the Palaeo -
cene through Mid dle Eocene strata that be long to the Szcza- 
wnica, Zarzecze and Magura for ma tions. The Bystrica and
Krynica sub units con tact along a ver ti cal or sub-ver ti cal,
NE-dip ping fault, formed dur ing the Late Burdigalian. In
the study area, sev eral NE-trending faults cut both the
Bystrica and Krynica sub units into sev eral blocks. These
faults prob a bly re sulted from an ep i sode of the mid-Bade-
nian fault ing.

Main val leys of this re gion bear six flu vial ter races, the
old est of which date back to the Sanian (Elsterian) stage.
Ep i sodes of in creased de po si tion of land slide colluvia have
largely been co eval with wet phases of the Ho lo cene, the
old est land slides dat ing from the Vistulian Late Glacial.

The Krynica area is a seis mi cally ac tive one, as shown
by the most re cent, mod er ate-in ten sity earth quakes which
oc curred in 1992–1993, of epi centres sit u ated NE of
Krynica Spa. Fu ture earth quakes in this re gion should not
ex ceed in ten sity 7 of the MSK-60 scale, their re cur rence in -
ter val rang ing be tween 50 and 100 years.

The re gion is rich in nat u ral min eral wa ter springs
which are con fined to a tec tonic block bounded by the Ty-
licz and Krynica faults. These wa ters bear abun dant car bon
di ox ide, the or i gin of which can be re lated to de hy dra tion
and decarbonatisation of the base of the Outer Carpathian
flysch cover and un der ly ing bedrock.
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Streszczenie

BUDOWA GEOLOGICZNA KRYNICY-ZDROJU

Nestor Oszczypko & Witold Zuchiewicz

Uzdrowisko Krynica jest usytuowane w po³udniowo-wscho-
dniej czêœci p³aszczowiny magurskiej na styku podjednostki (by-
strzyckiej) i krynickiej (Fig. 1). W badanej przez nas zlewni Kry-
niczanki utwory strefy bystrzyckiej wystêpuj¹  jedynie fragmenta- 
rycznie, w NE czêœci obszaru badañ. Do strefy bystrzyckiej
(s¹deckiej) nale¿¹ wy³¹cznie utwory formacji magurskiej wieku
œrodkowo-póŸnoeoceñskiego, o ³¹cznej mi¹¿szoœci stratygraficz-
nej 1150– 1250 m. S¹ to: ogniwo z Maszkowic (piaskowce grubo-
³awicowe z prze³awiceniami margli ³¹ckich), ogniwo ³upków z
Mniszka (³upki pstre i cienko³awicowy flisz) oraz ogniwo pias-
kowców popradzkich (“piaskowce zuberowskie”). Strefa kry-
nicka reprezentowana jest przez paleoceñsko-œrodkowo-eoceñ-
skie utwory formacji szczawnickiej (cienko- i œrednio³awicowy
flisz), zarzeckiej (cienko³awicowy flisz z ogniwem piaskowców
krynickich) oraz magurskiej (piaskowce grubo³awicowe). Nie-
pe³na mi¹¿szoœæ utworów strefy krynickiej wynosi co najmniej
1300 m. Podjednostki bystrzycka (s¹decka) oraz krynicka kon-
taktuj¹ ze sob¹ wzd³u¿ pionowego lub niemal pionowego, zapada-
j¹cego na NE uskoku, zwanego “dyslokacj¹ krynick¹”. Uskoki
poprzeczne o przebiegu NE–SW dziel¹ obie podjednostki na kilka
bloków. Miêdzy Czarnym Potokiem a S³otwinami w¹ski pó³rów
tektoniczny towarzyszy uskokowi s³otwiñskiemu. W okolicach
Krynicy notowane by³y w latach 1992–1993 wstrz¹sy sejs-
miczne. Epicentra tych wstrz¹sów grupuj¹ siê wzd³u¿ uskoków
poprzecznych o orientacji NW–SW oraz dyslokacji krynickiej.
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