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Study of four bore holes (each 100 m deep) drilled in St. Bronis³awa Hill (part of the horst of the Wolski For est, Kraków) in di -
cates that the Oxfordian lime stone is interbedded by claystones with cal car e ous rub ble (de tri tus) fill ing fos sil karst forms. The 
claystones, lo cally show ing pla nar strat i fi ca tion, con tain as sem blages of Late Cre ta ceous (Campanian–Maastrichtian)
foraminifers. Mid dle Mio cene pla nar lam i nated lime stones have also been found in cav i ties formed in the Mid dle Oxfordian
lime stones. Mio cene de pos its of this type, fill ing the fos sil karst, were not pre vi ously known from the area of Kraków. Both the 
Up per Cre ta ceous and Mid dle Mio cene de pos its doc u ment prob a bly ma rine sed i men ta tion that re sulted in the fill ing of the
karst sys tem. This type of karst was prob a bly formed be fore the trans gres sion of the Late Cre ta ceous sea, and be fore the
trans gres sion of the Mid dle Miocene sea on the area of the present-day horst of the Wolski For est.
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INTRODUCTION

The Koœciuszko Mound is lo cated in the south ern part of the 
Kraków Up land (south ern Po land), in the west ern part of
Kraków. It con sists of Up per Ju ras sic lime stones and is char ac -
ter ized by the oc cur rence of horsts and grabens (Gradziñski,
1962, 1972) re flected in the con tem po rary re lief. Horsts ap pear
as iso lated hills, and grabens as de pres sions. The ex am ple of
an el e va tion is the horst of the Wolski For est (Fig. 1), also re -
ferred to as the Sowiniec Horst (Tyczyñska, 1968). Its east ern
el e ment is St. Bronis³awa Hill where the Koœciuszko Mound is
sit u ated. A set of bore holes were drilled in the im me di ate vi cin -
ity of mound, of which four were 100 m deep (Figs. 2 and 3).
The pur pose of the bore holes was to rec og nize the base of the
Koœciuszko Mound and the geo log i cal struc ture of the area be -
fore des ig na tion of a tun nel on the so-called “Zwierzyniecka
route” (Kos et al., 2013). The aim of this study was to in ves ti -
gate sed i ments fill ing fos sil karst forms in this area. Re sults of
the bore holes pro vided new in ter est ing data con cern ing the
karst de vel op ment and the geo log i cal struc ture of the area, as
well as pointed out to al ter na tive op tions of in ter pre ta tions of is -
sues as so ci ated with the oc cur rence of youn ger sed i ments
among Ju ras sic car bon ate rocks in the area of Kraków.

GEOLOGICAL SETTING

The dom i nant role in the geo log i cal struc ture of the south -
ern part of the Kraków Up land is played by Up per Ju ras sic lime -
stones (up to 200 m thick; Rutkowski, 1993). Dur ing the Cre ta -
ceous, Paleogene and Mio cene, they were re peat edly emerged 
and eroded. This is doc u mented by un con form ably ly ing Albian, 
Cenomanian, Turonian, Maastrichtian and Neo gene sed i ments 
(Gradziñski, 1962). The se quence was de scribed, among oth -
ers, from the Bonarka Quarry (Bromley et al., 2009). Karst for -
ma tions oc cur within the Ju ras sic lime stones, some of them are
filled with youn ger de pos its (Gradziñski, 1962; G³azek, 1989;
Felisiak, 1992). In the area of Kraków, Up per Ju ras sic lime -
stones form char ac ter is tic horsts. De pres sions be tween the
horsts are filled with thick Mio cene sed i ments (Fig. 4).

So far, there are only few geo log i cal data con cern ing the
near est area to the Koœciuszko Mound. The most im por tant in -
for ma tion was given by Gradziñski (1972); it is also in cluded in
pub li ca tions re lated to the geo log i cal maps of the area
(Rutkowski, 1993; Felisiak et al., 2005; Gradziñski, 2009). De -
pos its of the Mio cene trans gres sion were found clos est to St.
Bronis³awa Hill, and de scribed by Gradziñski (1962) Felisiak
(1992) and Gradziñski et al. (1995). The old est of them are con -
sid ered to be ma rine oys ter lime stones oc cur ring un der the
Norbertine Mon as tery (Gradziñski, 1962), and caliche-type de -
pos its found both above and be low the oys ter lime stone
(Gradziñski et al., 1995). Qua ter nary sed i ments, mainly loess
from the “Spadzista street” site, were de scribed by £anczot et
al. (2013). In the study area, two caves have been dis cov ered
so far NW of the Koœciuszko Mound (S³obodzian, 2011):
“Schronisko pod Klasztorem Norbertanek” (Bary³a and
Szelerewicz, 2011) and “Kawerna pod Fortem Koœciuszko”,
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prob a bly of anthropogenic or i gin. On the Sowiniec Horst,
Tynieckie Hills and Twardowski Rocks, sit u ated south of the
Vistula River val ley, about twenty caves and shel ters have been 
iden ti fied. Kowalski (1951) and Gradziñski (1962) dis cussed
the ear lier views on karst pro cesses in the south ern part of the
Kraków Up land. There are two views that sug gest that the in -
tense karst de vel op ment took place dur ing the Paleogene
(Ró¿ycki, 1960) or Neo gene, and Qua ter nary (Klimaszewski,
1958). The un der ground karst forms from the south ern part of
the Kraków Up land were stud ied by Gradziñski (1962). He
adopted the view that ma jor ity of the fos sil karst chan nels were
formed in the Early Paleogene and Late Neo gene, dur ing ero -

sion of Up per Cre ta ceous sed i ments – there fore
sed i ments of this age are found in the karst forms
de vel oped of the Up per Ju ras sic lime stone. Youn -
ger sed i ments fill ing karst forms in older rocks ac -
cord ing to Gradziñski (1962) were ear lier eroded
and trans ported from land. The caves, which are
now ac ces si ble, are re lated to the cut ting of the
lime stone mas sif by deep val leys in the Late Mio -
cene and Plio cene (Gradziñski, 1962).

The ex is tence of Cre ta ceous fill ings in the Ju -
ras sic lime stone in the Bonarka re gion (Kraków)
was dis cussed by Wieczorek et al. (1995a, b),
D¿u³yñski (1995) and Felisiak (1995). Wieczorek et 
al. (1995a, b) as sumed that the fill ings oc curred in
the sub ma rine con di tions, and they are nep tu nian
dykes due to Late Cre ta ceous tec ton ics. D¿u³yñski
(1995) and Felisiak (1995) con cluded that the
faults are of Paleogene age. Felisiak (1995) re -
garded the fill as a kind of clastic dykes formed by
press ing of the over ly ing plas tic Santonian marls
into the wid en ing tec tonic crev ices. Sim i lar forms,
de scribed as in jec tion dykes, have been found in
anthropogenic out crops near Pychowicka Street in
Kraków (Ko³odziej et al., 2010). Krobicki et al.
(2008) sug gested also ear lier stages of or i gin of
the nep tu nian dykes around Kraków, in the
Oxfordian.

MATERIAL AND METHODS

The stud ied ma te rial came from four fully cored 
bore holes (each 100 m deep): 1G–4G (Fig. 3).
Their lo ca tion is shown in Fig ure 2. Cores were
trans ferred to the mu nic i pal of fice of Kraków.

 In all cases, white, creamy and creamy-grey ish 
thick-bed ded and mas sive lime stones oc cur at a
depth from 10 to 100 m un der Qua ter nary sed i -
ments rep re sented by loess or loess-like clay. Ten
sam ples were taken for micropalaeontological in -
ves ti ga tion. Most of them came from the fill ings of
karst cav i ties in lime stones. Two sam ples were col -
lected from host lime stones. Sam pling depths are
shown in Fig ure 3. Seven sam ples were taken for
foraminiferal stud ies, and three sam ples for cal car -
e ous nannofossil in ves ti ga tions. Foraminiferal
stud ies were per formed on sam ples treated with
wa ter, washed and dried on an oven. Smear slides
for nannofossil in ves ti ga tions were pre pared ac -
cord ing to the stan dard method de scribed by
Báldi-Beke (1984). Fine wa ter sus pen sion of the
rock is spread out on the mi cro scope slide af ter

stir ring and a short pe riod of set tling. Af ter dry ing, the mi cro -
scope slide is cov ered with Can ada bal sam and a cover glass.
The slides were in spected with a Nikon Eclipse E400Pol light
mi cro scope at 1000x mag ni fi ca tion, and pho to graphed us ing a
DS-Fi1 Nikon cam era.

RESULTS 

The up per parts of the sec tions stud ied are strongly
karstificated and cav ern ous. Cav erns are fre quently filled with
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Fig. 1. Lo ca tion of the study area on the map of main horst el e ments
 (af ter Gradziñski, 2009)
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Fig. 2. Lo ca tion of bore holes in the Koœciuszko Mound area



cal cite crys tals. Light beige marly silt fills rare interlayer spaces.
The lime stones from the lower part of the bore holes are darker,
creamy-grey and less weath ered. Their spe cific col our is prob a -
bly caused by ad mix ture of py rite (D¿u³yñski and ¯abiñski,
1954). Piryte crys tals were found in a cav ern at a depth of 55 m.
Nu mer ous point pre cip i ta tions or den drites of man ga nese hy -
drox ides and sutural joints (sty lo lites) oc cur lo cally within the
lime stones. Chert con cre tions coated by a white po rous crust
are ran domly dis trib uted in the lime stone (Fig. 3). No dis tinct

bound aries be tween the lay ers (with or with out cherts) have
been ob served in the bore holes.

The re sults of micropalaeontological anal y sis (foraminifera,
cal car e ous nannofossils) are pre sented in Ta ble 1 and in Fig -
ures 5 and 6. The 46.5 m depth sam ple from the 1G bore hole
con tained only iso lated spec i mens of the long-rang ing fora -
minifer gen era Rumanolina seiboldi. The Oxfo rdian fora -
minifera as sem blage was found in the 3G bore hole at a depth of 
26.5 m. Three dif fer ent types of de pos its have been rec og -
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Fig. 3. Lithostratigraphic sec tions of the 1G–4G bore holes



nized: green ish-grey clays with cal car e ous, lo cally strat i fied, de -
bris (Late Cre ta ceous in age), grey cal car e ous silts with pla nar
lam i na tion (Mid dle Mio cene), and loess-like grey and tan-col -
oured silts with cal car e ous de bris (Qua ter nary).

GREENISH-GREY CLAYS
WITH CALCAREOUS DEBRIS

Green ish-grey clays with cal car e ous de bris were found
within the lime stones in the 2G, 3G and 4G bore holes (Fig. 3).
In the 1G bore hole (depth 18.8–18.9 m), sim i lar clays do not
con tain cal car e ous de bris, which may be due to their small
thick ness. Clays en closed in Ju ras sic rocks, rec og nized in the
bore holes from the mid dle part of St. Bronis³awa Hill, con tained
traces of pla nar bed ding. Clays usu ally com prised weakly
rounded or sharp-edged cal car e ous peb bles (from a few
milimetres to10 cm long), elon gated and ir reg u lar in shape (Fig. 
7A). The lon ger axes of the peb bles are par al lel to the bed ding.
The clays at tain the great est thick ness in the 3G bore hole,
where an al most 4 m thick layer of green ish clay with cal car e -
ous de bris (Fig. 3) oc curs be low a depth of 87.7 m. In the sam -
ple from this bore hole, a di ver si fied Maastrichtian foraminifer
as sem blage was found. Fur ther more, nu mer ous sponge el e -
ments, ostracods and cal car e ous con cre tions were found in the 
as sem blage. The same age is con cluded for the as sem blage
ob tained from the py rite-rich clays in the 2G bore hole, at the
depth 63.9 m. In the 3G bore hole, only poorly pre served,
long-rang ing foraminifers were iden ti fied at a depth of 90.3 m in
light grey clays. Deeper in this bore hole sec tion, in the sam ple
from a depth of 98.9 m, the iden ti fied foraminiferal spe cies and
char ac ter is tic nu mer ous sponge el e ments in di cate Campa -
nian- Maastrichtian age (Fig. 6 and Ta ble 1). The same age is
con cluded for a foraminiferal as sem blage found in the 4G bore -
hole at a depth of 75.8 m. The sam ple from 50.6 m depth in the

3G bore hole con tains re sid ual, poorly pre served (due to me -
chan i cal de for ma tion, dis so lu tion and sec ond ary calcitization)
and rare cal car e ous nannofossils that in di cate Late Cre ta ceous 
(Campanian–Maastrichtian) age.

GREY CALCAREOUS SILTS
WITH PLANAR LAMINATION

An oval struc ture, dif fer ing from the sur round ing light Ju ras -
sic lime stones, filled with dis tinctly lam i nated cal car e ous silt,
was ob served in the 2G bore hole at a depth of 62.8 m (Fig. 3).
This struc ture is 25 cm high and its width ex ceeds that of the
core di am e ter (i.e. 10 cm). The thick ness of the light and dark
grey laminae is 1–8 mm (Fig. 7B). They have a hor i zon tal and
slightly sin u ous ar range ment. Par tic u lar laminae are bent up -
wards, sug gest ing a greater size of the struc ture filled by
smaller chan nels. One of the chan nels (~2 cm across) can be
ob served on the side of the struc ture. 

The sam ple of lam i nated mudstones from a depth of 63.0 m
and the sam ple from grey lam i nated de pos its sit u ated be tween
the Cre ta ceous clays and Ju ras sic lime stones, from a depth of
66.1 m, yielded an Early Badenian cal car e ous nannofossil as -
so ci a tion. It is dom i nated by long-rang ing placoliths (Cocco -
lithus, small Reticulofenestra), tol er ant to ad verse en vi ron men -
tal con di tions, and less com mon shal low-wa ter, nearly near-
 shore helicoliths (Helicosphaera) and cribriliths (Ponto -
sphaera). Ac cord ing to Švabenicka (2002) and Báldi-Beke
(1982), Helicosphaera pre fers un sta ble en vi ron ments that can
be as so ci ated with the be gin ning of trans gres sion, whereas
Pontosphaera re quires more sta ble en vi ron men tal con di tions
and only slight fluc tu a tion in sa lin ity (Melinte, 2005). Im por tant
for the Mid dle Mio cene stra tig ra phy, Sphenolithus hetero -
morphus and Discoaster variabilis oc cur only as sin gle spec i -
mens. Both Sphenoliths and Discoasters are the most re sis tant
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Fig. 4. Cross-sec tion of the St. Bronis³awa Hill



to dis so lu tion (Bukry, 1981), but sen si tive to high fluc tu a tion in
sa lin ity. The scar city of these spe cies in the ana lysed sam ples
may be due to the gen er ally poor state of pres er va tion of most
of the iden ti fied forms or un fa vour able (es pe cially for disco -
asters) en vi ron men tal con di tions. In both sam ples, poorly pre -
served, de stroyed and scarce re de pos ited Eocene- Oligocene
(Dictyo coccites aff. bisectus, Ericsonia formosa, Reticulo -
fenestra hillae) and Up per Cre ta ceous spe cies were iden ti fied,
but due to the poor pres er va tion, their quan tity is im pos si ble to
es ti mate.

GREY AND TAN-COLOURED LOESS-LIKE SILTS 
WITH THE CALCAREOUS DEBRIS

The de pos its oc cur in the top part of the cored sec tion (Fig.
3) and are the most fre quent in the 1G bore hole down to a depth 
of 20.0 m. This bore hole was drilled about 200 m north of the
Koœciuszko Mound, prob a bly through a karst sink hole. Frag -
ments of the lime stone (from a few centi metres to more than
10 cm across) are dis trib uted ran domly in loam of the up per part 
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T a  b l e s  1

Foraminifers, cal car e ous nannofossils and other char ac ter is tic microfossils in the 1G–4G bore holes

Microfossils: 
foraminifera and oth ers

Bore hole

1G 2G 3G 4G

depth [m]

18.8 46.5 63.9 26.5 90.3 98.9 75.8

Abathomphalus
mayaroensis x

Ammobaculites sp. x

Arenobulimina sp. x x

Astrorhizidae fam ily x

Cibicides bembix x

Cibicides sp. x

Crescentiella morronensis x

Gavelinella sp. x

Globigerinelloides asperus x x x

Globigerinelloides sp. x

Globorotalites michelinianus x

Globotruncana arca x

Globotruncana linneiana x

Globotruncana lapparenti x

Glomospira sp. x x

Gyroidinoides nitidus x x x

Hedbergella sp. x x

Heterohelix globulosa x x

Lenticulina sp. x

Rugoglobigerina
macrocephala x

Rugoglobigerina rugosa x

Rugoglobigerina sp. x

Spirillina sp. x x x

Spiroplectammina
navarroana x

Stensioeina aff. gracilis x

Terebella lapilloides (worms) x

bi valves x

bryo zoans x

echinoids’ spines x

cal car e ous sponges x x x x

micromummies of the 
si li ceous sponges 

x x x x

ostracods x

radio lar ians x

Cal car e ous nannofossils

Bore hole

2G 3G

depth [m]

63.0 66.1 50.6

Arkhangelskiella sp. x

Braarudosphaera cf.
bigelowii x x

Braarudosphaera bigelowii x x x

Calculites obscurus x

Coccolithus pelagicus x x

Cyclicargolithus floridanus x

Dictyococcites aff. bisectus x

Discoaster cf. variabilis x

Eiffellithus eximius x x

Ericsonia formosa x

Helicosphaera carteri x x

Helicosphaera
walbersdorfensis x

Helicosphaera sp. x x

Lucianorhabdus cayeuxii x

Lucianorhabdus maleformis x

Micula decussata x x x

Micula swastica x

Micula sp. x x

Pontosphaera multipora x x

Prediscosphaera aff.
cretacea x

Prediscosphaera  cretacea x x

Reticulofenestra hillae x

Reticulofenestra sp.
 (small forms) x x

Sphenolithus
heteromorphus x x

Umbilicosphaera rotula x

Uniplanarius gothicus x

Uniplanarius sissinghii x

Watznaueria barnesae x

Watznaueria sp. x x
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Fig. 5. Cal car e ous nannoplankton in the bore holes: 2G (depth 63.0 m: I–T and 66.1 m: U–X) and 3G (depth 50.6 m: A–H)

A – Braarudosphaera bigelowii (Gran et Braarud) Deflandre – CN; B – Lucianorhabdus cayeuxii Deflandre – CN; C – Micula
decussata Vekshina – CN; D – Prediscosphaera aff. ponticula (Bukry) Perch-Niel sen – CN; E – Prediscosphaera cf. cretacea
(Arkhangelsky) Gart ner – CN; F – Uniplanarius gothicus (Deflandre) Hattner et Wise – CN; G – Uniplanarius sissinghii Perch-Niel sen
– CN; H – Watznaueria sp. – CN; I – Coccolithus pelagicus (Wallich) Schiller – CN; J – Coccolithus pelagicus (Wallich) Schiller – NL; K
– small Reticulofenestrids – CN; L – Helicosphaera carteri (Wallich) Kamptner – CN; M – Helicosphaera carteri (Wallich) Kamptner –
CN; N – Helicosphaera walbersdorfensis Müller – CN; O – Sphenolithus heteromorphus Deflandre – CN 0°; P – Sphenolithus
heteromorphus Deflandre – CN 45°; Q – Sphenolithus heteromorphus Deflandre – CN 0°; R – Sphenolithus heteromorphus Deflandre
– CN 45°; S – Umbilicosphaera rotula (Kamptner) Varol – CN; T – Umbilicosphaera rotula (Kamptner) Varol – NL; U – Discoaster cf.
variabilis Mar tini et Bramlette – NL; V – Cyclicargolithus floridanus (Roth et Hay) Bukry – CN; W – Cyclicargolithus floridanus (Roth et

Hay) Bukry – NL; X – Pontosphaera cf. multipora (Kamptner) Roth – CN; CN – crossed polars, NL – nor mal light, scale bar is 5 mm



of the 1G bore hole (Fig. 7C). They are weakly rounded and
sharp-edged. Be low a depth of 16.5 m, the light brown loam is
re placed by grey silt. In the other bore hole (2G–4G), the karst
fis sures have var i ous sizes and are fre quently fun nel-like. The
small est fis sures are a few centi metres across while the larg est
ones may at tain a few metres. The size of cal car e ous de bris
var ies from a few to more than ten centi metres. No microfaunal
study was per formed on the grey and tan-col oured loess.

INTERPRETATION AND DISCUSSION

The Up per Ju ras sic lime stones from the area of the
Koœciuszko Mound were de pos ited in a shal low, warm sea on the 
north ern shelf of the Tethys Ocean (Trammer, 1982). These
were good con di tions for de vel op ing cyanobacteria-sponge
bioherms (D¿u³yñski, 1952; Matyszkiewicz, 1989; Heliasz, 1996)
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Fig. 6. Some Late Cre ta ceous foraminifers from the bore holes in the Koœciuszko Mound area

A – Globotruncana arca (Cushman), dor sal side, 2G bore hole, depth 63.0 m; B – Abathomphalus mayaroensis
(Bolli), dor sal side, 2G bore hole, depth 63.9 m; C – Heterohelix globulosa (Ehrenberg), side view, 3G bore hole,
depth 98.9 m; D – Globigerinelloides asperus (Ehrenberg), side view, 2G bore hole, depth 63.9 m; E –
Rugoglobigerina sp., ven tral side, 2G bore hole, depths 63.9 m; F – Stensioeina cf. exculpta (Reuss), dor sal side,
2G bore hole, depths 63.0 m



re sult ing in the for ma tion of mas sive lime stones that make up the 
ma jor part of the bore hole sec tions. Ir reg u lar dis tri bu tion of
cherts in the non-bed ded lime stone from some sec tions of drill
cores may be due to drill ing through the tran si tion zone be tween
the bed ded lime stone with cherts and the mas sive lime stone.
Such tran si tions are vis i ble in many places of the Kraków Up land
(e.g., Piekary Quarry and Jeziorzany). The Up per Ju ras sic lime -
stones un der went re peated emer gence from the wa ter and were
sub jected to karstification. The Up per Cre ta ceous green ish grey
clays, Mid dle Mio cene lam i nated lime stones, and Qua ter nary
loess with cal car e ous de bris fill the fos sil karst struc tures.

Gradziñski (1962) con sid ered that the clays, con tain ing
Late Cre ta ceous fos sils that oc cur within the lime stones in the
area of Kraków, come from ero sion of marls and are re de pos -
ited to dif fer ent forms of karst. They usu ally fill karst pits, near
which there are ex po sures of Cre ta ceous marls. Sim i lar green
clays fill ing fos sil caves are in cluded by Felisiak (1992) in the
“cat e gory of Oligocene-Early Mio cene karst de pos its”. Up per
Cre ta ceous sed i ments within the Ju ras sic lime stones in the
Kraków area were also con sid ered as clastic dykes (D¿u³yñski,
1995; Felisiak, 1995), nep tu nian dykes (Wieczorek et al.,
1995a, b; Krobicki et al., 2008) or in jec tion dykes (Ko³odziej et
al., 2010). Cre ta ceous sed i ments within the Ju ras sic lime stone
were also found in the Gdów area, about 25 km E of Kraków
(Po³towicz, 1962), where they are at a depth of about 200 m
from the top of lime stone. Po³towicz (1962) in ter preted them as
a re sult of re verse faults.

Data from the bore holes in the Koœciuszko Mound area
sug gest that the Up per Cre ta ceous clays fill the fos sil karst
chan nels and caves. St. Bronis³awa Hill as well as the en tire
horst of the Wolski For est have the char ac ter of a wide and flat -
tened hump, where no Up per Cre ta ceous de pos its have been
found on the sur face. In ad di tion, there are no Maastrichtian de -
pos its in the im me di ate vi cin ity of Kraków. Green ish-grey clays
in the base ment of the Koœciuszko Mound oc cur well be low the
Rudawa val ley level (Fig. 4). The fill ings of fos sil karst forms
from the area of Kraków, de scribed in the lit er a ture, are of ten
rep re sented by sandy-clay sed i ments (Gradziñski 1962;
Felisiak, 1992), among oth ers clays lay ered sand (Alexan -
drowicz, 1969). The pres ence of sand in di cates that the clays

could be lo cally eroded by sur face wa ters and resedimented.
The karst forms in the base ment of the Koœciuszko Mound do
not con tain sands. Due to the above, an other pos si bil ity than
redeposition of Cre ta ceous ma te rial in these very deep karst
forms (Figs. 3 and 4) is also plau si ble. The po si tion of the ma te -
rial stud ied is not a re sult of tec tonic move ments, es pe cially be -
cause the man i fes ta tions of tec tonic move ments are poor in the 
ob tained cores. The faults iden ti fied are youn ger than the sed i -
ments fill ing the karst chan nel sys tems. In the case of Cre ta -
ceous sed i ments in the St. Bronis³awa Hill area, the con cept of
nep tu nian dykes (Wieczorek et al., 1995a, b; Krobicki et al.,
2008; Ko³odziej et al., 2010) can not be con sid ered due to the
depth of the oc cur rence of Up per Cre ta ceous sed i ments within
Ju ras sic rocks. All forms de scribed as nep tu nian dykes have
been ob served in the up per part of lime stones.

The or i gin of the karst sys tem and its fill in the base ment of
the Koœciuszko Mound has not been fully ex plained yet. The au -
thors do not ex clude the pos si bil ity that the chan nels de vel oped
dur ing in tense karst pro cesses in the Paleogene or Neo gene, but 
they could also form in subaerial con di tions dur ing the Late Ju -
ras sic and Early Cre ta ceous low er ing of the sea level (cf. Haq et
al., 1988). Tithonian-Cenomanian times were among the ma jor
pe ri ods of karstification in south ern Po land, how ever, few forms
have been pre served and doc u mented (G³azek, 1989); most of
them were de stroyed dur ing the sub se quent trans gres sion. The
chan nel sys tem may have formed also as a re sult of el e va tion of
the lime stone mas sifs above the sea level, which en abled de vel -
op ment of karst. Karst chan nel fill ing might have oc curred dur ing
the Late Cre ta ceous sub mer gence (Campa nian–Maastrichtian).
Dur ing the fill ing pro cess, there was a slow dis in te gra tion of the
up per part of the karst chan nels, as in di cated by rub ble lime stone 
oc cur ring within the clays de rived from rockfall from the ceil ing of
the caves. An other pos si bil ity is that the chan nels orig i nated as a
re sult of sub ma rine karst in the coastal shelf. Drain age of the
fresh-wa ter to sub ma rine zones and in fil tra tion of the salt wa ter
into the cracks and their pen e tra tion into the land causes mix ing
of wa ters of dif fer ent or i gin, mak ing them more ag gres sive
(Herak, 1972; Ford and Wil liams, 2007). To day, the de vel op ment 
of karst is ob served in many sub ma rine karst sys tems in clud ing
the Gulf of Mex ico, Ber muda, Sar dinia and Croatia (Carobenne
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Fig. 7. Sed i ments fill ing fos sil karst forms

A – green ish-grey clays with cal car e ous de bris in the 3G bore hole  (depth 90.4–90.6 m); Cr – Up -
per Cre ta ceous clays, O – Oxfordian lime stone de bris; B – Mio cene cal car e ous silts fill ing the
cav ity within Oxfordian lime stones; 2G bore hole  (depth 62.8–62.95 m); O – Oxfordian lime stone, 
M – Mid dle Mio cene cal car e ous silts; C – tan loess with cal car e ous de bris; 1G bore hole (depth
14.5–14.9 m); Q – Qua ter nary loess, O – Oxfordian lime stone de bris



and Pasini, 1980; Airoldi and Cinelli, 1996; Suriæ, 2002; Hen -
gstum et al., 2011). In sub ma rine caves oc cur ring near the high
sea coasts, sands are also de pos ited dur ing storms.

The Mid dle Mio cene lam i nated calcsiltite chan nel-fills and
small karst forms, found at the base of the Koœciuszko Mound
(Fig. 3), may also be the re sult of sub ma rine sed i men ta tion. Mio -
cene de pos its of this type, fill ing fos sil karst forms, were not pre -
vi ously known from the area of Kraków. De vel op ment of chan -
nels that are even less than 60 m from the top of the lime stone
was prob a bly sup ported by crev ices as so ci ated with Neo gene
tec ton ics. Karst chan nels could grow along the walls of horsts
that were emerged be fore the Mid dle Mio cene trans gres sion
(D¿u³yñski, 1953). It is un likely that sed i men ta tion of lam i nated
calcsilite of Mio cene age, con tain ing ma rine fauna, took place in
ter res trial con di tions as a re sult of ero sion and trans port of sed i -
ment from the over bur den. A chan nel vis i ble in the 2G bore hole
at the depth of 66.1 m formed at the bound ary of sol u ble lime -
stone and less sol u ble Cre ta ceous clays. It gave the ef fect of fill -
ing of the karst cav ity by two dif fer ent gen er a tions. Un clear is the
pres ence of re de pos ited Paleogene nanno plankton forms in the
sam ples. To day, such sed i ments are not found within the study
area. For this pe riod cre ation of the Paleogene planation sur face
is as sumed (Alexandrowicz, 1969). It would in di cate ero sion and
trans port of ma rine Paleogene sed i ments from an area lo cated
north of horst of the Wolski For est, as the trans port from the dis -
tant Carpathian area seems un likely.

Qua ter nary de pos its with Ju ras sic cal car e ous de bris oc cur
mainly to a depth of 10 m be low ground level. The ab sence of
round ing of peb bles in di cates a short trans port and rapid
redeposition. Their ir reg u lar dis tri bu tion in the Qua ter nary loess 
cov er ing lime stones, clearly in di cates that they are the fill ing of
sink holes. They were formed rap idly due to the col lapse of the
ceil ing of caves in strongly karstified lime stones. The fun -
nel-shaped struc tures of smaller size usu ally de vel oped along
the crev ices. They are of ten fuzzy fault crev ices filled with
karst-de rived material and tectonic breccias.

CONCLUSIONS

New data from the re gion of the Koœciuszko Mound en abled 
a new in ter pre ta tion of Up per Cre ta ceous and Mio cene de pos -
its fill ing the karstic sys tems in the Ju ras sic lime stones of the
Kraków re gion. It is sug gested that these sed i ments are as so ci -
ated with the sub ma rine fill ing of fos sil karst forms. The de vel -
op ment of karst in this area be gan in the Cre ta ceous and oc -
curred in sev eral stages: be fore the Late Cre ta ceous, dur ing the 
Paleogene-Neo gene, and during the Quaternary.

Fos sil karst forms filled with Cre ta ceous sed i ments have
been found within the Ju ras sic lime stone. They oc cur even
100 m be low the pres ent ground sur face. These forms may
have been cre ated dur ing the emersion of lime stones be fore
the Late Cre ta ceous. Fill ing of the karst chan nels may have
took place dur ing the Campanian-Maastrichtian.

Within the lime stones drilled around the Koœciuszko Mound, 
a few karst forms filled by Mid dle Mio cene lam i nated lime stones 
have been re cog nized. Calcsiltites reached the Ju ras sic lime -
stones through the sys tem of karst chan nels. They could de -
velop along the horst walls and ac cu mu lated de pos its of less
than 60 metres be low the pres ent ground sur face. De pos its of
this type fill ing the fos sil karst were not pre vi ously known from
the area of Kraków.

Karst forms sit u ated near est to the ground sur face are the
crev ices and sink holes filled by Qua ter nary de pos its.
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