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Ab stract: The Czorsz tyn Suc ces sion is the shal low est Pieni dic unit of the West Car pa thian Pi en iny Klip pen Belt.
Af ter the Valang in ian, a hia tus en com pass ing al most the whole Hau terivian, Bar re mian and Ap tian oc curred in
this unit. The Ti tho nian–Lower Cre ta ceous lime stones are over lain by pe lagic Al bian–Ce no ma nian marl stones,
marly lime stones and cherts (Chmie lowa and Po miedznik For ma tions). The na ture of this hia tus was so far
un clear, ei ther rep re sent ing a sub ma rine non- deposition and ero sion, or sub aer ial ex po sure.

The pa per brings pro vides a sum mary of data col lected from the lit era ture and new data from 5 re- examined
sites and 5 new sites: Dolný Mlyn, Vršatec (3 sites), Horné Sànie, Led nica, Jara bina, Kamenica (all Slo va kia),
Czer wona Ska³a Klippe (Po land) and Vilki Dil (Ukraine). At two sites, the Al bian marl stones and lime stones
over lie rocks older than Ti tho nian or Neo comian. In Jara bina, the Bar re mian–Ap tian ero sion reached the level of
Kim me ridgian red mic ritic lime stones, though clasts of lime stones with “fila men tous” mi cro fa cies in di cate that
Batho nian–Cal lovian lime stones were also ex posed and eroded. At Horné Sànie, the Al bian de pos its over lie
Ba jo cian cri noi dal lime stones. The Batho nian to Hau terivian sedi ments are miss ing, which in di cates that this part
of the Czorsz tyn sedi men tary area ex pe ri enced the deep est ero sion. Une quivo cal in di ca tors of sub aer ial ex po sure
and kar sti fi ca tion, e.g. kar ren land form with ver ti cal drain age grooves, small cavi ties in the bot tom rock filled with 
younger sedi ment, bi zarre frac tures and vein lets filled with cal cite, were re vealed mainly at Horné Sànie and
Led nica sites. The emer sion was fol lowed by pe lagic of pe lagic Al bian marl stones and lime stones. At this time,
the pa laeo karst sur face was bored by bi valves and en crusted by deep- water Fe- Mn to phos phatic stro mato lites.
This sug gests a very rapid rela tive sea- level rise, caus ing ma rine in gres sion. There were two trans gres sion pulses
in the Late Ap tian and Al bian, sepa rated by a tem po rary emer sion and kar sti fi ca tion. The Up per Ap tian sedi ments
are still or gan ode tri tal with cri noids and other ben thic fauna, whereas those of the Al bian con tain ex clu sively
pe lagic plank tonic fauna.
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IN TRO DUC TION

The Pi en iny Klip pen Belt rep re sents a nar row zone
sepa rat ing the Outer and the Cen tral West ern Car pa thi ans.
It is one of the most com plex zones of the West ern Carpa-
thians. Af ter at least two de for ma tion phases, the zone
gained its typi cal klip pen struc ture, where harder rocks
(mostly Ju ras sic to Lower Cre ta ceous lime stones) form tec -
tonic slices and blocks (klip pen), whereas softer rocks
(mainly Cre ta ceous marls) form their en ve lope. The Pi en iny 

Klip pen Belt thus rep re sents a mé lange in which nu mer ous
pa leo geo graphi cally dif fer ent units are mixed. One of them
is Czorsz tyn Suc ces sion which is the most shallow- water
Pieni dic unit of the Pi en iny Klip pen Belt. Sedi ments of this
unit were de pos ited on an ele va tion called the Czorsz tyn
Ridge. The Hau terivian to Ap tian sedi ments are com pletely
miss ing in this unit; the Ti tho nian–Lower Cre ta ceous lime -
stones are over lain by pe lagic Al bian marl stones and marly



lime stones with stro mato litic crusts at their base. The na ture 
of this hia tus was of ten dis cussed in the lit era ture. Some
authors fa voured a sub ma rine non- deposition and ero sion
(e.g., Birk en ma jer, 1958b, 1975), whereas oth ers pro posed
an emer sion and sub se quent flood ing of the Czorsz tyn
Ridge (An dru sov et al., 1959; Mišík, 1994). One of the aims 
of this pa per is to pro vide new data that may be clues to re -
solve this prob lem. The new data were ob tained by field ob -
ser va tions and petrographic- microfacies analy sis. Spe cial
em pha sis is placed on the Ap tian–Ce no ma nian se quences
that were de pos ited af ter the hia tus.

An other aim is to pro vide a com plete sum mary of the
lo cali ties and pre vi ous lit era ture, deal ing with the Al bian–
Ce no ma nian of the Czorsz tyn Suc ces sion, so that the read -
ers could have all the nec es sary data ac ces si ble in one pa per.

GEO LOGI CAL AND GEN ERAL
STRA TIGRAPHIC SET TING

Ten lo cali ties with the pre served con tact be tween the
Al bian and the un der ly ing for ma tions in the Czorsz tyn Suc -
ces sion were stud ied in de tail; five for merly known and five 
new found. The re- examined sites are: Dolný Mlyn, Jara -
bina, Kamenica and Czer wona Ska³a Klippe; the new lo cali -
ties are: Vršatec (3 sites), Horné Sànie, Led nica and Vilki
Dil (Fig. 1). These lo ca tions are cru cial for in ves ti ga tion of
the con tact zones of the Al bian with pre- Albian base ment.

The Al bian sedi ments of the Czorsz tyn Suc ces sion are
re ferred to the Chmie lowa For ma tion (Mid dle–Up per Al -
bian) (Fig. 2) and the Po miedznik For ma tion (Mid dle Al -
bian–Lower Ce no ma nian) (Birk en ma jer, 1963, 1977; Al ex -
androwicz, 1966, 1979; Birk en ma jer & Jed norowska, 1987; 
Ga si ñski, 1988; K. B¹k et al., 1995). The former con sists of
red or green ish marly lime stones with abun dant plank tonic
fo ra mini fers (Hed ber gella mi cro fa cies), rare be lem nites
(Neo hi bo lites), and inoce ra mid shell frag ments (Birk en ma -
jer, 1977). The Chmie lowa For ma tion is usu ally very con -
densed, with thick ness re duced to some tens of cen ti me tres,
and some times down to 1.5 cm. The Po miedznik For ma tion
is domi nated by green and black, of ten spotty marly lime -
stones, some times si li ci fied, with rare be lem nites (Neo hi bo -
lites) and bi valves (Au cel lina, Pyc no donta).

Both for ma tions have good stra tigraphi cal docu men ta -
tion based on fo ra mini fers (e.g., Al ex androwicz, 1966,
1979; Al ex androwicz et al., 1968; Ga si ñski, 1988). Mi cro -
pa lae on to logi cal stud ies in di cate the Mid dle-Late Al bian
age for the Chmie lowa For ma tion and the Mid dle Al bian–
Early Ce no ma nian age for the Po miedznik For ma tion.

Be tween Chmie lowa For ma tion and its sub stra tum,
some non- depositional fea tures can be ob served, in clud ing
ero sional base, ir regu lar (patchy) dis tri bu tion of the ba sal
de pos its of the for ma tion, Fe- Mn crusts at its base (be ing up
to sev eral cen ti me tres thick) or ac cu mu la tion of be lem nite
guards (e.g., Birk en ma jer, 1963; Al ex androwicz & Tar -
kowski, 1979). Some times the ba sal bed con tains an gu lar
frag ments of older rocks or cri noid seg ments de rived from
the un der ly ing Spisz Lime stone For ma tion.

Only Jen dreják ová and Sa laj (1962) men tioned con -

tinu ous tran si tion from the Neo comian to the Al bian in the
Czorsz tyn Suc ces sion, from the bore hole near Mikušovce.
How ever, this in ter pre ta tion is most proba bly er ro ne ous.
Most likely, the bore hole pene trated Ky suca Suc ces sion be -
cause the Neo comian rocks are rep re sented by dark- grey
marly shales, and the Ap tian by dark- grey to black marls.
These authors sug gested a deep- water sedi men ta tion in this
part of the Czorsz tyn Suc ces sion.

The Chmie lowa For ma tion over lies ero sional sur face of 
dif fer ent age, pre domi nantly rep re sented by the red cri noi -
dal lime stones of the Valang in ian Spisz Lime stone For ma -
tion (Kro bicki & Wierzbowski, 1996). At sev eral lo ca tions
(see be low) the sub stra tum is built by older rocks, like vari -
ous parts of Ber ria sian Cal pi onella lime stones, Ti tho nian
red nodu lar am monitico rosso–type lime stones and even
Ba jo cian cri noi dal lime stones. The ero sion lasted from the
Hau terivian to the Al bian.

The Po miedznik For ma tion, var ies in thick ness from
about 10 to 35 m. The con tact with the un der ly ing Chmie -
lowa For ma tion is sedi men tary, and is marked by col our
change from red (Chmie lowa For ma tion) to green and black 
(Po miedznik For ma tion) (Birk en ma jer, 1977). The Po -
miedznik For ma tion of ten cov ers di rectly the pre- Albian se -
quences, and there fore it can be con sid ered as fa cies equiva -
lent of the Chmie lowa For ma tion (Birk en ma jer, 1963,
1977; Al ex androwicz, 1966; Al ex androwicz et al., 1968).

MATERIALS AND METH ODS

Five sites were re- examined and 5 new sites, re cently
dis cov ered, were stud ied. Field ob ser va tions fo cused on the
con tact be tween the Al bian–Ce no ma nian sedi ments and
their sub stra tum. The fea tures like ero sion, bor ings, stro -
mato litic en crust ing, older cal cite vein lets and char ac ter and 
gen era tions of ba sal sedi ments were noted; age and li thol -
ogy of the sub stra tum were also ex am ined. The lo cali ties
were sam pled for pet ro graphic, mi cro fa cies and XRD
analy ses. The sam ples were taken from the un der ly ing
rocks, from the low er most sedi ments and from the over ly -
ing sedi ments up to 2 m above the base. Ori ented sam ples
were stud ied mi cro scopi cally.

Min er al og i cal com po si tion of stromatolites and oncoids 
from Vršatec, Horné Sànie and Jarabina were stud ied by
means of pow der X-ray dif frac tion anal y sis (XRD). The
anal y sis was done on DRON-3 analyser, us ing CoKa of the
wave length l: 1.79021 �, fil ter Fe, volt age 30 kV, in ten sity
15 mA, diaphargms 1;1;0.1, or CuKa of the wave length
1.54178 �, fil ter Ni, volt age 40 kV, in ten sity 20 mA, di a -
phragms 1;1;0.5. The ob tained dif frac tion data were com -
pared with the etalon data from the da ta base JCPDS (1974)
– fluorapatite JCPDS 15-876; cal cite JCPDS 5-586; pyrolu-
site JCPDS 12-716. Rusty and brown colouration of some
stromatolites and oncoids is caused by goethite, with the re -
flec tions 4.18 �, 3.86 � (or the RTG-amor phous Fe-ox -
ides). The re flec tions 4.28 and 3.35 � be long to quartz.

Re view of all lo cali ties men tioned in the lit era ture is
given in the Ap pen dix.
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FIELD OB SER VA TIONS,
PET RO GRAPHIC

AND PA LE ON TO LOGI CAL DATA

Dolný Mlyn
The Valang in ian lime stones are pene trated by thin

(mm- size) nep tu nian dykes and small cav erns filled with

dark- red lime stone with tiny hed ber gel lid fo ra mini fers. The
ab sence of Tici nella rob erti may in di cate the Bar re mian–
Ap tian age of the sedi ment. How ever, a size- sorting in nar -
row spaces can not be ruled out (Tici nella is larger than the
hed ber gel lids in the nep tu nian dykes). Con tact be tween the
Neo comian lime stones and Al bian marl stones crops out in
the north ern part of the quarry (Fig. 3A, B), where also a ba -
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Fig. 1.  A – Sketch map of the Pi en iny Klip pen Belt with marked lo ca tion of de tailed maps with oc cur rences of the Al bian–Ce no ma -
nian sedi ments in the Czorsz tyn Suc ces sion. B – My java sec tions of the Pi en iny Klip pen Belt with Al bian/Ce no ma nian lo cali ties (lo cali -
ties stud ied in de tail and de scribed in the text – in bold) (1 – Dolný Mlyn, 2 – My java)



sal brec cia is pre served with some clasts bored by bi valves
(Fig. 3C). The lo cal ity pro vides a rare ex am ple of the Al -
bian ba sal brec cia in the Czorsz tyn Suc ces sion. At most
other lo cali ties (see the Ap pen dix) pe lagic to hemipe la gic
sedi ments rest di rectly upon the sub stra tum, with only small 
amount of de tritic ad mix ture.

Vršatec (loc. 47)
The lo cal ity was pre vi ously men tioned by Mišík (1979) 

(Fig. 4). Re- examination of this lo cal ity showed that con -
tains a com plex man ga nese hard ground in volv ing a very
large stra tigraphic in ter val proba bly from the Batho nian to
the Lower Ti tho nian. Spe cific for this lo cal ity is pres ence of 
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Fig. 1. Con tin ued.  C – Váh Valle sec tions of the Pi en iny Klip pen Belt with Al bian/Ce no ma nian lo cali ties (1 – Horné Sànie, 2 –
Babiná, 3 – Chrastková, 4 – Vršatec (loc. 1, 1a, 5, 6, 34, 43c), 5 – Vršatec (loc. 47), 6 – Vršatec (be neath the pro file II), 7 – Vršatec (the
south ern most coulisse), 8 – Led nica, 9 – Žiaèik, 10 – Dohòany).



ser pu lid bio con struc tions de vel oped on a very ir regu lar sub -
strate. Dur ing the Ce no ma nian, this con densed layer was
cut by many thin mi cro dykes, fol lowed with red marls. The
marls also filled some empty parts of the bio con struc tions
(Fig. 5A, B). The marls con tain plank tonic fo ra mini fers
Thal man ni nella brotzeni (Si gal), Th. mich eli (Sa cal et De -

bourle), Th. ticinen sis ticinen sis (Gan dolfi), Prae glo botrun -
cana del rio en sis (Plum mer) and Hed ber gella plani spira
(Tap pan) in di cat ing the Ce no ma nian (proba bly Early Ce no -
ma nian) age. Some wider dykes were filled by mi crobrec -
cias with the same marly ma trix, in clud ing vari ous car bon -
ate clasts: fine- grained cri noi dal wacke stone, cri noi dal
grain stone, Globochaete- Saccocoma wacke stone, Cal pio-
nella mud stone to wacke stone.

Vršatec (new lo cali ties)
Two new sites with con tact be twen the Al bian marl -

sones and the un der ly ing Neo comian lime stones were
found. The first lo cal ity was named “Vršatec – the south ern -
most coulisse”. It is situ ated at the south ern end of the ridge
of Vršatec Cas tle Klippe, NW of the town Ilava. Ce no ma -
nian cherts (Po miedznik For ma tion) and partly the Al bian
sedi ments from this site were stud ied by Sýkora et al.
(1997). The sec ond lo cal ity was named Vršatec – “Pro file
II". It is situ ated at the for est path (blue tour ist trail) from
Vršat ské Podhra die to Èer vený Kameò at the SE foot of the
high est Vršatec Klip pen. The con tact be tween the Al bian
marl stones and Neo comian lime stones is situ ated just be -
neath Pro file II of Mišík (1979).

The con tact se quence (Fig. 6A) con sists of the un der ly -
ing rocks, the over ly ing Up per Ap tian–Al bian sedi ments,
and lo cally P- Fe- Mn stro mato lites (up to 3 cm thick), oc cur -
ring ei ther di rectly at the base ment or within the Al bian
sedi ment. The stro mato lites may even form sev eral thin ho -
ri zons.

The un der ly ing rocks are rep re sented by cri noi dal
wacke stone of Neo comian age. The rock is mostly grey and
con tains echi no derm os si cles, fo ra mini fers Len ticulina sp.,
Globu li gerina sp., no dosar iid and vari ous ag glu ti nated fo ra -
mini fers (e.g. Dorothia sp.), frag ments of bi valves, brachio -
pods (py go pids), bryo zo ans, rare shells of ju ve nile am mon -
ites, ap tychi, echi noid spines, os tra cods, gas tro pods, and
sin gle scler ite of thee liid holo thu ri ans. Lo cally, also in tra -
clasts with Ber ria sian to Valang in ian cal pi onel lids were
found. The skele tal de bris are fre quently bored; the arago -
nitic shells were com monly dis solved and the moulds were
filled by younger, Al bian sedi ment.

The Neo comian rocks are lo cally pene trated by vein lets 
filled with blocky cal cite that, how ever, ter mi nate at the
base of the over ly ing Al bian sedi ment (Fig. 6B). There fore,
the pre- Albian age is in ferred for the vein lets. A fresh- water 
ori gin of the blocky cla cite can not be ex cluded. Simi lar
blocky cal cite, proba bly also pre- Albian, some times fills
voids in the Neo comian lime stone that origi nated ei ther due
to bor ing, or kar sti fi ca tion, or as molds of arago nitic bi -
valves. Some vein lets, how ever, ob vi ously origi nated due to 
re crys tal li za tion as they still con tain ghosts of al lochems
from the sur round ing ma trix.

P- Fe- Mn stro mato lites formed dur ing break in depo si -
tion. As a rule, the stro mato lites are finely lami nated but lo -
cally, the lami na tion is less pro nounced. The lami nae are ir -
regu larly un du lated even to form spheri cal oncoid- like bod -
ies. The lami nae are of yellow- brown, brown to black col -
our. As in ferred from the X- ray analy ses, the col ours mark
dif fer ent domi nant min er als: the yellow- brown parts con -
tain mostly fluo ra pa tite, the brown parts are domi nated by
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Fig. 1. Con tin ued. D – Pol ish sec tion of the Pi en iny Klip pen
Belt with Al bian/Ce no ma nian sedi ments; D1: 1 – Ob³azowa
Klippe; 2 – Kor owa Klippe; 3 – Lo ren cowe and Gêœle Klippen; 4 – 
Bor su kowa Klippe; 5 – Czer wona Ska³a Klippe; D2: 6 – £ysa
Ska³a Klippe; 7 – Falsztyn- Pomiedznik Klippe; 8 – Chmie lowa
and Ko sorki klip pen; 9 – Brynczkowa Klippe; 10 – Zie lone Ska³ki
Klip pen; 11 – Niedzica Cas tle; 12 – Halka Klippe (sub merged
now); 13 – Sobótka Klippe; 14 – Ka puœnica; D3: 15 – Kru pi anka
stream; 16 – Szcze panówka Klippe; 17 – Szczobiny; 18 – Cza -
jakowa Ska³a Klippe; 19 – Ja worki, church; 20 – Bia³a Woda, wa -
ter fall; 21 – Bia³a Woda Val ley.
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Fig. 1. Con tin ued.  E – Stará Lubovòa sec tions of the Pi en iny Klip pen Belt with Al bian–Ce no ma nian sedi ments (1 – Lit ma nová, 2 –
Jara bina). F – Li pany sec tion of the Pi en iny Klip pen Belt with Al bian–Ce no ma nian sedi ments (1 – Kamenica).



go ethite and black por tions con tain py ro lu site.
Be tween some in di vid ual lami nae, de formed
cal citic vein lets oc cur (Fig. 6C), im print ing the
lami na tion of the stro mato lite. In some other
cases, the stro mato lites are per pen dicu larly scut
by sys tems of sub par al lel thin vein lets. The
vein lets are filled with blocky cal cite, with crys -
tals in some vein lets rimmed by black man ga -
nese min er als. In some cases, the Mn min er als
rim the whole vein lets which in di cates that the
vein lets rep re sented con duits for mi grat ing Mn
flu ids. Both cases tes tify that the min er ali za tion
of the hard ground con tin ued still af ter dis sec tion 
of the stro mato lite by the vein lets.

The stro mato lites com monly con tain one- or 
multiple- chambered ses sile fo ra mini fers that oc -
cur be tween the lami nae. These were a part of
the hard ground eco sys tem. Fru tex ites-type stro -
mato lites are com mon in the over ly ing Al bian
sedi ment, form ing dis con tinu ous shrub- like
forms branch ing up wards. How ever, some cases 
of down ward branch ing stro mato lites (to wards
the Neo comian rocks) were also reg is tered (Fig.
6C). Such struc ture of stro mato lite might be ei -
ther caused by a di ago nal ori en ta tion of the
thin- section and ir regu lar sur face of the un der ly -
ing lime stone or the Fru tex ites grew in a void.

The un der ly ing Neo comian lime stones are
com monly im preg nated by dark Fe- Mn min er -
als, most proba bly com ing from the over ly ing
Al bian stro mato litic hard grounds. In places,
these min er als also re place bio clasts or even the
ma trix in the Neo comian lime stones. Some thin
sec tions show net works of thin bor ings (most
likely fun gal) com ing from the stro mato lite that
are filled with opaque Fe- Mn min er als (Fig.
6D). The bor ings pene trate as deep as sev eral
cen ti me tres down the sub strate. The stro mato lites lo cally
oc cur in small cavi ties in Neo comian lime stone. In such
cases, very dense net works of the bor ings are con cen trated
around these voids.

The Al bian sedi ments cover the un even un der ly ing
sur face. They can also be found in nu mer ous cavi ties in the
Neo comian lime stones. Geopetal fill ings of these voids are
com mon. Cav ity sedi men ta tion was in ferred for the sam ples 
where there was an ob vi ous con tra dic tion be tween the po si -
tion of Neo comian sub sta tum, en crusted by stro mato lite and 
the over ly ing Al bian sedi ment on one side and the geopetal
fill ing of some tiny voids in the un der ly ing rocks (Fig. 6E,
F) on the other. These sam ples were taken from scree, not
al low ing re con struc tion of their origi nal ori en ta tion. Ori gin
of many cavi ties seems to be tied to leach ing. Whether the
leach ing origi nated due to kar sti fi ca tion af ter emer gence or
by dis so lu tion by ma rine wa ter, was not pos si ble to re solve.
Nev er the less, some cavi ties were found sev eral tens of cen -
ti me tres be low the top of the Neo comian lime stones.

The over ly ing, older sedi ments are rep re sented by two
dif fer ent li tholo gies oc cur ring in stra tigraphic or der: cri noi -
dal wacke stone to packstone (Up per/Aptian) and fo rami nif -
eral wacke stone (Al bian).

The cri noi dal wacke stone to pack stone con tains abun -
dant cri noid os si cles (Fig. 6G). Be sides the os si cles, the
sedi ment con tains abun dant plank tonic fo ra mini fers Hed -
ber gella in fracre ta cea (Glaess ner), less fre quent Tici nella
rob erti (Gan dolfi), ben thic fo ra mini fers Len ticulina sp., Te -
tra taxis sp., vari ous plani spi ral fo ra mini fers and ag glu ti -
nated ones. Less com mon are echi noid spines, sponge spic -
ules, os tra cod and bi valve shells; very rare are shells of ju -
ve nile am mo noids. The skele tal rem nants, mainly of ben thic 
or gan isms show com mon mi crobor ings.

The cri noi dal biomic rite con tains sandy quartz ad mix -
ture and un com mon litho clasts, that are miss ing in the over -
ly ing fo rami nif eral biomic rite. Most of the clas tic ad mix ture 
is con cen trated in de pres sions of the ir regu lar dis con ti nu ity
sur face of the Neo comian lime stones. Some authigenic
glau con tic grains were found. Among the litho clasts, de tri -
tus of lime stones with Cal pi onella alpina Lo renz, pure mic -
ritic or or gan ode tritic lime stones and one clast of ba sic vol -
canic rock were found. The P- Fe- Mn stro mato lites lo cally
form clasts in these sedi ments which in di cate their re work -
ing by cur rents.

The sedi ment of ten con tains tiny voids re sem bling fen -
es trae, com monly con tain ing geopetal fill ing of mic rite and
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Fig. 1.  Con tin ued. G – No voselitsa sec tion of the Pi en iny Klip pen Belt
with Al bian–Ce no ma nian sedi ments (1 – Vilki Dil -B ara kishtche)



blocky sparite. In one case, the cri noi dal biomic rite was cut
by blocky cal cite vein let which ter mi nated at the bound ary
with younger fo rami nif eral biomic rite. The vein let in di cates 
lithi fi ca tion of the cri noi dal biomic rite and its frac tur ing
prior to depo si tion of the fo rami nif eral biomic rite.

Fo ra mi nif eral wacke stone with domi nant plank tonic or -
gan isms like fo ra mini fers with Tici nella rob erti (Gan dolfi),
ben thic fo ra mini fers (e.g., Len ticulina sp., no dosar iids), ag -
glu ti nated fo ra mini fers (e.g., Mars sonella sp.,), rare plani -
spi ral fo ra mini fers, os tra cods and frag ments of bi valve
shells of vari ous gen era (thin shells of Au cel lina sp., prisms
of inoce ra mids etc.) re flect the sec ond phase of the sub mer -
sion (Al bian). The clas tic ad mix ture is very rare. The col our 
of the mic rite is patchy which was caused by strong lo cal
bio tur ba tion. Mic rite fill ing the voids con tains only fine al -
lochems.

Lo cally, the sedi ments of the lat est Al bian (Pla noma -
lina bux torfi Zone ac cord ing to Maamouri et al., 1994) oc -
cur. They are domi nated by Pla noma lina bux torfi (Gan -
dolfi) (Fig. 7I), Thal man ni nella cf. ap pen in nica (Renz), T.
ticinen sis ticinen sis (Gan dolfi), T. ticinen sis conica Gašpa-
rik ová et Sa laj (Fig. 7D), Prae glo botrun cana del rio en sis

(Plum mer), Bitici nella breg gi en sis (Gan dolfi) (Fig. 7G, H),
Whitei nella gan dolfii Gašparik ová et Sa laj, Hed ber gella
del rio en sis (Carsey), and H. plani spira (Tap pan).

Lo cally, even younger sedi ments of the Thal man ni nella 
brotzeni Zone (Sa laj, 1996) were found near the base, rep re -
sent ing the Lower Ce no ma nian. The fauna of plank tonic fo -
ra mini fers con sists of Thal man ni nella brotzeni Si gal (Fig.
7A, B), T. ap pen ninica ap pen ninica (Renz), T. ticinen sis ti-
cinen sis (Gan dolfi) (Fig. 7C), Prae glo botrun cana del rio en -
sis (Plum mer), (Fig. 7E), P. stephani (Gan dolfi) (Fig. 7F),
and Hed ber gella plani spira (Tap pan). Ben thic as sem blage
in cludes Dorothia oxy cona (Re uss) and Anoma lina sp.

The Al bian sedi ment of ten fills the voids in the stro -
mato lites. Lo cally, it is re placed by Fe- Mn-P min er als.
Tests of plank tonic fo ra mini fers trapped in the stro mato lite
and filled with opaque Fe- Mn min er als are com mon. In
places, stro mato litic lami nae al ter nate with sedi ment lay ers.
On the other hand, there were some cases of frac tured stro -
mato lites, with frac tures filled by mic rite with tiny hed ber -
gel lid fo ra mini fers, form ing thus nep tu nian mi cro dykes.
Out side the stro mato lites, the sedi ment is im preg nated by
dark Fe- Mn min er als.
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Fig. 2. Lithos tra tigraphi cal scheme of the Czorsz tyn Suc ces sion (af ter Au brecht et al., 1997; modi fied)



In some cases younger, Late Al bian/Early Ce no ma nian
sedi ments with Hed ber gella in fracre ta cea (Glaess ner) and
Thal man ni nella ticinen sis (Gan dolfi) oc cur in con tact with
the stro mato lites. This in di cates that the con di tions suit able
for stro mato lite growth lasted dur ing a long pe riod of time.

Led nica
Al though the old out crop de scribed by Mišík (1979)

does not ex ist any more, a new ex po sure was found in the
close vi cin ity, just left to the en trance to ru ins of the Led nica 
Cas tle. On the rocky wall, rep re sented by steeply in clined
top of the Neo comian Cal pi onella lime stone (i), sev eral fea -
tures can be ob served. The sur face is very un even with ob -
vi ous signs of ero sion (per haps kar sti fi ca tion), with visi ble
shal low kar ren sur face (Fig. 8A). The kar ren sur face was
later densely bored by bi valves (Fig. 8D) and then cov ered
by younger sedi ments. It is note wor thy that some rem nants
of Up per Ap tian red cri noi dal wacke stones (ii) (the same as
at Vršatec lo cali ties) fill the kar ren sur face and are them -
selves eroded (Fig. 8B). The Neo comian lime stones were
frac tured, with frac tures filled with blocky cal cite. These
cal cite vein lets do not cut the over ly ing Al bian marl stones
(Fig. 8C), hence, they origi nated af ter lithi fi ca tion of the
Neo comian and be fore depo si tion of the Al bian pe lagic
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Fig. 3. Chmie lowa For ma tion at Dolný Mlyn: A, B – Chmie lowa Fm. over ly ing Sobótka Lime stone; C – Rare oc cur rence of ba sal
brec cia on the base of the Chmie lowa For ma tion. Some clasts are bored by bi valves (at the ham mer head)

Fig. 4. Vršatec (the south ern most coulisse); frag ment of the
sec tion stud ied near the road to cas tle. 1 – Creamy Cal pi -
onella-bea ring lime stones of the Dursz tyn Lime stone For ma tion
(Ber ria sian); 2 – Reddish- violet marls of the Chmie lowa For ma -
tion (Al bian); 3 – Red and brittle- red marls of the Pus tel nia Marl
Mem ber of the Ja worki For ma tion (Up per Cre ta ceous)



sedi ments (iii). The cal cite fill ing the vein lets (iv) was bored 
by bi valves to gether with the sur round ing lime stones (Fig.
8D). There fore, it may be pre sumed that the vein lets origi -
nated dur ing the sec ond phase of emer sion and their fill ing
may be of fresh- water ori gin.

(i) The Cal pi onella lime stone rep re sents wacke stone
with abun dant tin tin nids Cras si col laria in ter me dia (Du rand 
Delga) and Cal pi onella alpina Lo renz. Along with them,
nu mer ous ghosts af ter cal ci fied ra dio lari ans, glo bo chaets,
os tra cods, rare cri noid os si cles, echi noid spines, ag glu ti -
nated fo ra mini fers and very rare frag ments of ap tychi are
pres ent.

(ii) Up per Ap tian lime stone con tains mac ro scopi cally
visi ble cri noi dal os si cles and bi valve frag ments (mainly Au -
cel lina sp.), sili ci clas tic ad mix ture and grenish- yellow on -
coids of phos phatic com po si tion. Be sides with these com -
po nents, mi cro scopi cal in ves ti ga tion shows that the lime -
stone is the pack stone to wacke stone with hed ber gel lid fo ra -
mini fers, rare echi noid spines, sponge spic ules, os tra cods
and very rare bryo zoan frag ments. The al lochems are com -
monly cor roded. Some al lochems and in tra clasts are coated
and im preg nated with yel lowish phos phate. Simi lar ma te -
rial also forms the small on coids and frag ments of branch -
ing co lum nal stro mato lites. Rarely also some com pletely
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Fig. 5. Slabs of sam ples from the Vršatec – lo cal ity 47: A – Ti tho nian man ga nese crusts with em bed ded ser pu lid mi croreefs (cav ern
fill ing). Relic voids are filled with Ce no ma nian red mic rite (ar rows); B – Other slab of the fill ing; the Ce no ma nian mic rite fills re main ing
growth cavi ties in soli tary cor als (ar rows)

Fig. 6. Slabs and mi cro pho tos from Vršatec- the south ern most coulisse and Vršatec- below pro file II. A – Slab of Neo comian lime stone
(a), cov ered by Upper Al bian or gan ode tri tal lime stone (b), with P-Fe stro mato lite (c) at the base of pe lagic Al bian de posit. Note the un -
even sur face be tween the Up per Al bian lime stone and the stro mato lite. The sur face was most likely shaped by kar stic dis so lu tion; B –
Two pre- Albian vein lets filled with blocky cal cite, cut ting the Neo comian or gan ode tritic lime stone but not con tinu ing to the Al bian stro -
mato litic hard ground; C – Al bian stro mato lite (with ptyg ma titi cally folded cal cite vein lets – up per part of the photo) and bush- like Fru tex -
ites-type stro mato lites grow ing in the Al bian sedi ment to wards the stro mato lite. The lat ter means that the sedi ment rep re sents fill ing of a
larger cav ity and the stro mato lite above grew on its ceil ing; D – Net work of Mn- oxides- filled traces in the Neo comian lime stone cre ated
by bor ing or gan isms, most likely fungi (the traces are lo cally branch ing) be low the base of the Al bian; E – Geopetal fill ing of the leached
bi valves in the Neo comian lime stone (above) con tra dicts to the lo ca tion of the Al bian sedi ment (be low). It in di cates that the Al bian sedi -
ment de pos ited in a cav ity (most likely kar stic); F – Bi zarre cavi ties in the Neo comian lime stone filled with Al bian mic rite. Their geopetal
fill ing en ables to ori ent the photo prop erly, in spite of the po si tion of the Al bian stro mato lite and sedi ment (be low). They most proba bly
rep re sent fill ing of a larger kar stic cav ity; G – Crinoidal- foraminiferal wacke stone to pack stone of the Late Ap tian–Early Al bian age, rep -
re sent ing sedi ment of the first phase of flood ing af ter the hia tus
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Fig. 7. Stra tigraphi cally im por tant plank tonic fo ra mini fers from Vršatec (A–I), Jara bina (J) and Led nica (K, L) lo cali ties: A, B – Thal -
man ni nella brotzeni Si gal, T. brotzeni Zone; C – Thal man ni nella ticinen sis ticinen sis (Gan dolfi), T. brotzeni Zone; D – Thal man ni nella
ticinen sis conica Gašparik ová et Sa laj, P. bux torfi Zone; E – Prae glo botrun cana del rio en sis (Plum mer), T. brotzeni Zone; F – Prae glo -
botrun cana stephani (Gan dolfi), T. brotzeni Zone. G, H – Bitici nella breg gi en sis (Gan dolfi), P. bux torfi Zone; I – Pla noma lina bux torfi
(Gan dolfi), P. bux torfi Zone; J – Pla noma lina bux torfi (Gan dolfi), Jara bina, P. bux torfi Zone; K – Thal man ni nella ticinen sis ticinen sis
(Gan dolfi), P. bux torfi Zone; L – Glo bi ger inel loi des ferre olen sis (Moul lade), Up per Ap tian



phos pha tized lime stone in tra clasts oc cur (Fig. 8F). The fo -
ra mini fers in the lime stone are domi nated by plank tonic
gen era Hed ber gella and Glo bi ger inel loi des. The lat ter ge -
nus is rep re sented by Glo bi ger inel loi des ferre olen sis
(Moul lade) (Fig. 7L) and G. al ge ria nus Cush man et Ten
Dam; the hed ber gel lids are rep re sented by Hed ber gella tro -
coi dea (Gan dolfi) and Tici nella rob erti (Gan dolfi). Other
fo ra mini fers are “Bi glo bi ger inella barri” (Bolli, Loeblich
et Tap pan), Ble fus cui ana cf. gor ba chi kae (Lon go ria), B. in -
fracre ta cea (Glaess ner), Dorothia sp., other ag glu ti nated
forms, no dosar iids, ses sile nu be cu larids and Len ticulina sp.
The as sem blage in di cates the Late Ap tian age.

(iii) Pe lagic Al bian rep re sents marly lime stone with fre -
quent plank tonic fo ra mini fers, mainly hed ber gel lids, but
also Pla noma lina bux torfi (Gan dolfi), single- keeled Thal -
man ni nella ticinen sis conica Gašparik ová & Sa laj and T.
ticinen sis ticinen sis (Gan dolfi), Bitici nella breg gi en sis
(Gan dolfi), Whitei nella gan dolfii Gašparik ová et Sa laj and
Hed ber gella sp. Ben thic fo ra mini fers are sub or di nate. The
fo rami nif eral as sem blage in di cates the lat est Al bian (Pla -
noma lina bux torfi Zone sensu Maamouri et al., 1994).

Other com po nents are mostly rep re sented by ghosts af -
ter cal ci fied ra dio lari ans. The rock does not con tain sandy
ter ri ge nous ad mix ture, echi no derm os si cles and inoce ra mid
prisms. Lo cally, the lime stone over lies di rectly the Ti tho -
nian–Ber ria sian lime stone. This sug gests that a large por -
tion of the ear lier, Up per Ap tian lime stone was re moved by
ero sion.

Lo cally, struc ture less phos phatic crusts oc cur near the
base, but stro mato litic phos phate crusts also oc cur higher
up, in the Al bian marly lime stone (Fig. 8E). The stro mato -
lites con sist of par al lel red dish hae ma titic lami nae, lo cally
green ish (proba bly chlo ritic). In places, the lami nae split
and the space be tween them is filled by fi brous cal cite. The
split ting might origi nate due to de hy drata tion of the stro -
mato lite that can oc cur even in the sub ma rine en vi ron ment
(Dono van & Fos ter, 1972; Plum mer & Gostin, 1981; Pratt,
1998; Mišík & Au brecht, 2004). Some Fru tex ites were also
ob served among the stro mato lites.

About 60 cm above the base oc cur red marls, rep re sent -
ing pack stones with hed ber gel lid fo ra mini fers, Thal man ni -
nella reicheli (Mor nod), T. glo botrun canoi des (Si gal) and
Whitei nella gan dolfii Gašparik ová et Sa laj. This as sem -
blage is of Mid dle Ce no ma nian age. In this stra tigraphic
level, thin- shelled bi valves and inoce ra mids are pres ent in
the sedi ment, too. The marls are lami nated, with the lami nae 
of ten dis turbed by bio tur ba tion.

(iv) The cal cite vein lets (ear lier than later Al bian trans -
gres sion) are filled with blocky cal cite. The cal cite is full of
in clu sions and com monly twinned. Lo cally, the mid dle
parts of the vein lets are more clear. They com monly in clude 
wall- rock frag ments with out any signs of cor ro sion or kar -
sti fi ca tion.

Horné Sànie
The lo cal ity is si taued in the up per most part of the ac -

tive quar ries of a ce ment fac tory at the north ern mar gin of
the Horné Sànie vil lage in the mid dle Váh Val ley. The con -
tact of the Al bian sedi ments with their base ment was ob -
served at the SW mar gin of the high est step of the quarry

and its con tinua tion was found in the lower part of the
quarry. The lo cal ity is unique by the range of the pre- Albian 
ero sion and by pre served pa laeo karst phe nom ena. In the
over turned po si tion, the con tact of the Ba jo cian cri noi dal
lime stone (Smo le gowa Lime stone For ma tion) and the Al -
bian sedi ments is visi ble (Figs 9, 10). The cri noi dal lime -
stones yielded Ba jo cian brachio pods Sep to crurella de fluxa
(Op pel) and Lin guithy ris curvi con cha (Op pel), and nu mer -
ous bi valves. Be sides the cri noi dal lime stones, some rel ics
of younger or gan ode tritic lime stones with “fila men tous”
mi cro fa cies (Batho nian–Cal lovian) were found, mainly as
fill ing of fis sures in the cri noi dal lime stones (Fig. 11C). The 
rest of the Ju ras sic sedi ments was eroded. The over ly ing
rocks rocks, as a rule, rep re sent both, the or gan ode tritic
lime stones (lat est Ap tian) with cri noids, be lem nites, bi -
valves and sili ci clas tic ad mix ture (up to size of small peb -
bles) and some what younger, more pe lagic red marl stones
to marly lime stones con tain ing only plank tonic fauna (Al -
bian). At the base of these de pos its, greenish- yellow, brown
to black P- Fe- Mn stro mato lites and on coids oc cur (Fig.
11A). Lo cally, white marly lime stones fill the kar stic de -
pres sions (Fig. 10D). The lime stones con tain Mid dle Tu ro -
nian mi cro fauna. This is a fur ther evi dence of re peated
non- deposition and ero sion epi sodes that took place af ter
the ini tial Late Ap tian flood ing.

The lack of the Batho nian to Hau terivian sedi ments
points to a deep- reaching ero sion that so far was not found
in the Czorsz tyn Suc ces sion. The field ob ser va tion showed
that there was no dif fer ence be tween in cli na tions of
geopetal fill ings in the brachio pod shells in the Al bian lime -
stones and those in the un der ly ing cri noio dal lime stones.
That im plies that no large tilt ing took place be tween Batho -
nian and Al bian. The deep ero sion can not be there fore ex -
plained by a large- scale tilting- induced emer gence. The ero -
sional sur face is ir regu lar most likely due to kar sti fi ca tion
(Fig. 10A–C, E) as shown by rain water grooves per pen dicu -
lar to the base ment (Fig. 10B, C) and kar ren sur face as deep
as 1m. The same in ter pre ta tion was sug gested for a very
simi lar pa laeo karst in Betic Cor dil lera (Martín- Algarra &
Vera, 1995, 1996). Simi larly as in Led nica, pre- Albian cal -
cite vein lets pene trate the sub strate to sev eral me ters down.
How ever, un like in Led nica, they are ir regu lar and filled by
mul ti phase fi brous cal cite fill ing that can be sup posed to
rep re sent a fresh- water sinter (Fig. 10F, G). The vein lets are 
very ir regu lar to bi zarre which points to their pos si ble ori gin 
by kar stic leach ing. Some wider vein lets, how ever con tain
rem nants of nep tu nian dyke fill ings of beige mic ritic lime -
stone.

The litho logi cal phe nom ena mentined above are shortly 
de scribe here. The cri noi dal lime stone is bio sparite to
biomic rite (pack stone to grain stone) con sist ing of cri noi dal
os si cles, nu mer ous clasts of mic ritic car bon ates (mostly
dolo mites and re cal ci fied dolo mites, some of them were
bored) and less nu mer ous frag ments of bi valves (in places
only ghosts – i.e. leached and filled with mic rite), brachio -
pods, echi noid spines, and fo ra mini fers (e.g., Oph thalmid -
ium sp., Te tra taxis sp., and Len ticulina sp.). Thick- shelld
os tra cods and ser pu lid worms are quite rare al lochems. Be -
sides the mic ritic car bon ates, some clasts of cal carenites
were found, too. The cri noi dal lime stone also con tains dis -
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persed sandy quartz ad mix ture. The cri noi dal os si cles are
over grown by clear syn tax ial cal citic rims, but at the con tact 
with the over ly ing Al bian sedi ments they are strongly cor -
roded (Fig. 11D, E).

The rel ics of mic ritic lime stone rep re sent pack stones
with “fila men tous” mi cro fa cies (cross- sections of thin- shel- 
led epi plank tonic bi valves Bosi tra bu chi (Roe mer)) and dis -
persed big ger cri noi dal os si cles. This tran si tional mi cro fa -
cies rep re sents sedi ment de pos ited in the pe riod of change
from cri noi dal to “fila men tous” mi cro fa cies that took place
in Late Ba jo cian–Early Batho nian (Wierzbowski et al.,
1999). The sedi ment also con tains larger quartz grains, thi-
cker bi valve and brachio pod frag ments. Fo ra mini fers Lenti- 
culina sp., Spir il lina sp., No dosaria sp. are also pres ent.

The pre- Albian vein lets (Fig. 10G) are filled with well
de vel oped mul ti lay ered ra di ax ial fi brous cal cite (RFC –
cloudy fi brous cal cite with convex- down twin ning la mel -
lae). Be tween the in di vid ual RFC gen era tions there are
some mic ritic in ter ca la tions. The edges of the RFC fi bres
were partly cor roded be fore the on set of a new gen era tion.
Some vein lets dis play dif fer ence in lenght of the RFC fi bres 
in the gen era tions, where the fi bres of older gen era tions are
shorter than those of the younger gen era tions.

Rem nants of the nep tu nian dykes were found in two
cases only. In the first case, the fill ing rep re sents a ster ile
lami nated pel mic rite (lack ing fos sils), with lami nae par al lel
to the dyke walls. The pe loids may be of mi cro bial ori gin. In 
the sec ond case, the fill ing rep re sents a wacke stone with
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Fig. 8. Field pho tos and mi cro pho tos from Led nica: A – Pre served steeply in clined pa leo kar stic sur face near the en trance to the cas tle
Led nica. The sur face was formed by mul ti phase kar sti fi ca tion; B – Up per Ap tian sedi ment (or gan ode tritic wacke stone – ap) fill ing a kar -
ren de pres sion in the Ber ria sian lime stone (ber); rest of the Up per Ap tian sedi ments was re moved by the sec ond phase of ero sion and kar -
sti fi ca tion; C – Ber ria sian lime stone cut by cal cite vein lets (ar rows) that do not con tinue to Up per Ap tian lime stone; D – The kar sti fied
Ber ri as sian lime stones cut by vein lets filled with blocky cal cite (ar row) that is bored by the bi valves, too; the vein lets origi nated still be -
fore or dur ing the kar sti fi ca tion; E – On set of the Al bian sedi ment onto un even sur face of the Ber ria sian Cal pi onella lime stone (the Up per
Ap tian lime stone is miss ing in this sam ple). Note that the P- Fe- Mn stro mato lite does not over grow di rectly the base but oc curs within the
Al bian sedi ment; F – Clast of phos pha tized lime stone (lower right) in the Up per Ap tian sedi ment

Fig. 9. Field view show ing the up per most steps of the quar ries at Horné Sànie. Sharp ir regu lar bound ary (dot ted line) be tween the Ba jo -
cian cri noi dal lime stone (Smo le gowa Lime stone For ma tion) and the Up per Ap tian/Al bian marly lime stones and marls (Chmie lowa For -
ma tion) origi nated by deep ero sion and kar sti fi ca tion that re moved all the Batho nian to Hau terivian sedi ments. The suc ces sion is
tec toni cally over turend. State from the year 2003
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“fila men tous” mi cro fa cies (Fig. 11C), con tain ing also
thicker- shelled bi valves, and brachio pods, with less thin-
 shelld os tra cods (in clud ing cave- dwelling Pok orn y op sis
sp.), ag glu ti nated fo ra mini fers, no dosar iid fo ra mini fers and
sparce shells of ju ve nile am mon ites. Some sandy quartz
grains were found too. This sedi ment rep re sents an older,
Batho nian–Cal lovian nep tu nian dyke fill ing, pre served in
the cri noi dal lime stone and was not re lated to the Bar re -
mian–Ap tian emer sion and kar sti fi ca tion. How ever, some
Al bian nep tu nian mi cro dykes were found too.

The Up per Ap tian–Lower Al bian or gan ode tritic lime -
stone can be char ac ter ized as wacke stone with plank tonic
and ag glu ti nated ben thic fo ra mini fers, cri noi dal os si cles,
echi noid spines, bi valve frag ments (mostly Au cel lina sp.),
fish teeth (Sphe nodus sp., de ter mined by mac ro scopic
study), some tiny gas tro pods, bryo zoan frag ments, os tra -
cods and sili cis ponge spic ules. In the rock por tions im preg -
nated by Fe- Mn ox ides, ra dio lar ian tests were pre served,
be ing oth er wise only visi ble as ghosts. The ben thic bio de tri -
tus is, as a rule, strongly bored. The fo rami nif eral as sem -
blages are domi nated by plank tonic gen era as Hed ber gella
and rare Glo bi ger inel loi des. The most com mon are Hed ber -
gella tro coi dea (Gan dolfi), H. del rio en sis (Carsey), H.
plani spira (Tap pan), Ble fus cui ana in fracre ta cea (Glaess -
ner), Glo bi ger inel loi des ferre olen sis (Moul lade), G. al ge -
ria nus Cush man et Ten Dam, Tici nella rob erti (Gan dolfi),
T. be jaouaen sis Si gal. The ben thic fo ra mini fer as sem blage
con sists of Len ticulina sp., Dorothia oxy cona (Re uss), D.
cf. tro chus (D’ Or bigny), Anoma lina sp., Fron dicu laria sp., 
Pleu ros tomella cf. re ussi Berthe lin, Dis cor bis cf. was soe -
wizi Djaf farov et Aga la rova. No dosar iid and ses sile nu be cu -
larid fo ra mini fers oc cur, too. The fo rami nif eral as sem blages 
in di cate the Late Ap tian–Early Al bian age, mainly Tici nella 
be jaouaen sis Zone, sensu Maamouri et al. (1994) or Hed -
ber gella plani spira Zone, sensu Ro baszyn ski & Ca ron
(1995).

At the base of the Up per Ap tian sedi ments, clas tic ad -
mix ture is com monly con cen trated, mostly rep re sented by
quartz grains up to small peb ble size (Fig. 11A). The quartz
grains are an gu lar and strongly cor roded. Along with them,
litho clasts of Tri as sic dolo mites and de dolo mites (re cal ci -
fied dolo mites), as well as tiny litho clasts of Up per Ti tho -
nian mic ritic lime stones with Cras si col laria oc cur. From
ac ces so ric min er als, some grains of chromspine lids, ru tile,
gar net and epi dote were found. Authigenic glau co nite is
sparse but pres ent in all sam ples.

Stro mato lites that lo cally oc cur at the base are green ish- 
yellow (pre domi nantly phos phatic), rarely brown (goe-

thite). They are finely lami nated, with lami na tion be ing pla -
nar or slightly un du lated. Some con tain ses sile fo ra mini fers
that give stro mato lite a bubble- like ap pear ance in cross-
 section. Some stro mato lites oc cur only as rel ics due to
strong re place ment by phos phatic min er als. Fru tex ites-type
stro mato lites are com mon too. Un like pla nar stro mato lites,
these bush- like forms are com monly brownish, i.e. formed
pre domi nantly by hae ma tite and go ethite. Free spaces in
stro mato lites are filled mic ritic sedi ment, con tain ing pre -
domi nantly tiny forms of hed ber gel lid fo ra mini fers. Some
cross- sections of stro mato lites show that they grew against
each other. Apart from tan gen tial cross- sections where this
is a natu ral fact, such growth was also ob served in per pen -
dicu lar cross- sections. We in ter prete these cases as grow ing
in cavi ties. In some sam ples, the stro mato lites grew in cavi -
ties and in nep tu nian mi cro dykes that cut older gen era tions
of stro mato lite. Un der some stro mato lites, dense al gal and
fun gal bor ings were pres ent. Lo cally, the un der ly ing mic rite 
was com pletely re placed by phos phate. The phos pha tized
lime stones also form in tra clasts in the sedi ment.

Be sides pla nar and Fru tex ites-type stro mato lites, some
on coids were found too (Fig. 11A). The on coids are pale-
 brown (green ish in hand speci men) and reach up to 4 cm in
size. Their shapes are ovoi dal, with lami nae slightly un du -
lated. Two types of on coids can be dis tin guished un der the
mi cro scope: first, con sist ing of pink ish, fine- grained cal cite
with sev eral con cen tric lay ers and the sec ond, less com mon
type, con sists of brownish, low bi re frin gence (al most iso -
tropic) phos phate. In the first type of on coids, ses sile nu be -
cu larid fo ra mini fers are com mon, mostly oc cur ring in de -
pres sions of the lami na tion. Part of these on coids pos sess
cores con sist ing of sev eral larger cal cite crys tals that ap par -
ently origi nated by re crys tal li za tion. This coarse- grained
mo saic is in de pend ent of the origi nal on coid struc ture. At
the mar gins of the on coids, black (proba bly man ga nese)
spots, patches and mi cro columns of stro mato lites oc cur.
The sec ond type of phos phatic on coids is brownish- yellow,
pass ing even to clear, col our less mat ter to wards pe riph ery.
Their cores are some times bro ken on coids, or they may be
bro ken them selves. In this type of on coids, the ses sile fo ra -
mini fers are al most miss ing. If pres ent, they ap par ently be -
long to other taxa than the ses sile fo ra mini fers in the first
type of on coids. Their sphaeri cal cham bers form fre quently
grape- like bunches.

The pe lagic Al bian marly lime stone is simi lar to the
Up per Ap tian lime stone but, is free of echi no derm os si cles
and con tains more abun dant inoce ra mid prisms. In one sam -
ple Tici nella primula Luter bacher, was found in di cat ing a
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Fig. 10. Field docu men ta tion of the pa leo kar stic sur faces at the Horné Sànie lo cal ity: A, B – Deep kar ren land form (all pho tos are in the
re cent po si tion, i.e. tec toni cally over turned) ar ti fi cally ex humed in the year 2000 (re cently de stroyed by quar ry ing). Bi zarre phal loi dal
prom on to ries are formed by the Ba jo cian cri noi dal lime stone; the de pres sions con tain mul ti phase fill ing, in volv ing Up per Ap tian up to
Tu ro nian sedi ments. Note the grooves (ar rows) per pen dicu lar to the former base ment, origi nated by rain wa ter; C – Other in stance of the
ver ti cal grooves, tes ti fy ing the sub aer ial ori gin of the kar stic sur face; ham mer for scale (ar row); D – Pa leo kar stic sur face filled with Mid -
dle Tu ro nian white marly lime stones (seem ingly darker) (t); E – Pa leo kar stic sur face on the Ba jo cian cri noi dal lime stone, cov ered by Al -
bian and younger marl stones; F, G – Bi zarre vein lets filled with fi brous cal cite; the vein lets start at the pa leo karst sur face and pene trate the 
Ba jo cian cri noi dal lime stone. Their ir regu lar shape in di cates their ori gin by dis so lu tion
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Fig. 11. Slabs and mi cro pho tos from the Horné Sànie lo cal ity: A – Up per Ap tian lime stone found above the kar sti fied sur face. The lime -
stone con tains rich clas tic ad mix ture in form of quartz peb bles (white) and green ish P-Fe on coids (blue ar rows); the slab shows three small 
units (a, b c), that were sepa rated by phases of non de po si tion, con nected with dis so lu tion, which af fected also the on coids; B – Up per Ap -
tian lime stone with bor ings (b) and kar stic dis so lu tional cavi ties (c) filled with dark- red Al bian sedi ment; C – Ba jo cian cri noi dal lime stone 
with rem nant of nep tu nian dyke filled with “fila men tous” mi cro fa cies (Batho nian–Cal lovian). Both li tholo gies are sepa rated by thin seam
of fi brous cal cite (white, mid dle). Lime stones with “fila men tous” mi cro fa cies (com posed by shells of bi valves Bosi tra bu chi (Roe mer))
are pre served al most only in nep tu nian dykes; D – On set of the Al bian–Ce no ma nian marly lime stone on the Ba jo cian cri noi dal lime stone.
Note the cor ro sion af fect ing both, cri noi dal os si cles and syn tax ial cal cite ce ment (ar rows). The Al bian–Ce no ma nian sedi ment also fills a
thin nep tu nian mi cro dyke. E – On set of the Tu ro nian marly lime stone with Hel ve to glo botrun cana hel vetica on the ir regu lar, cor roded sur -
face of the Ba jo cian cri noi dal lime stones



zone of the same name (ac cord ing to Ro baszyn ski & Ca ron, 
1995) cor re spond ing to higher Lower Al bian through the
Mid dle Al bian.

The white to creamy marly lime stone (Figs 10D, 11E)
oc cur ring lo cally on the pa laeo karst sur face con tains a rich
as sem blage of plank tonic and less abun dant ben thic fo ra -
mini fers: Di carinella bi con vexa gi gan tea (Sam uel et Sa laj), 
D. car pa thica (Scheibnerova), D. ora vi en sis ora vi en sis
(Scheibnerova), D. hagni (Scheibnerova), D. im bri cata
(Mornod), Hel ve to glo botrun cana hel vetica (Bolli), Whitei -
nella gi gan tea (Leh mann), W. inor nata (Bolli), Fal so -
margi no trun cana renzi (Gan dolfi), F. schnee gansi (Si gal),
Sigali trun cana tu rona (Ol bertz), Prae glo botrun cana gibba
Klaus, Het ero he lix sp. and Dorothia sp. This as sem blage
in di cates late Mid dle Tu ro nian age. Be sides the fo ra mini -
fers, the lime stone also con tains inoce ra mid prisms, oyster-
 like bi valves and fish scales. The al lochems are ir regu larly
dis trib uted which points to se vere bio tur ba tion of the sedi -
ment. Rare phos phatic grains that can be found in the sedi -
ment are ir regu larly pene trated and re placed by cal cite. Sili -
ci clas tic ad mix ture is miss ing.

Jara bina
The lo cal ity is situ ated in the south ern part of the two

up per most steps of a large quarry (Fig. 12) at the mouth of
small Jara bina Can yon, at the north ern mar gin of the Jara -
bina vil lage, near Stará ¼ubovòa in the east ern Slo va kia.
The main vol ume of the rocks in the quarry is rep re sented
by pale Ba jo cian cri noi dal lime stones (Smo le gowa Lime -
stone For ma tion) which are over lain by sev eral me tres thick 

red, thick- bedded Batho nian–Kim me ridgian mic ritic lime -
stones (Bohu nice For ma tion), which in turn are over lain un -
com forma bly by red marl stones, marly lime stones and brec -
cias of the Al bian age (Fig. 13A–D). They fill ir regu lar sur -
face (de pres sions and fis sures) in the Bohu nice For ma tion
(Fig. 13B). The base is ir regu lar, cut ting sev eral beds of the
un der ly ing for ma tion (Fig. 13A).

The Al bian sedi ments con tain nu mer ous yel low, per -
fectly sphaeri cal phos phatic on coids (Fig. 13C, D); pla nar
stro mato lites were not found. Clasts in the ba sal brec cia
were mostly de rived from the un der ly ing lime stones and
vari ous phos pha tized lime stones. Small quartz pebbels also
oc cur. Mac ro scopi cally visi ble fos sils are fish teeth (Fig.
13E, F) and some casts of am mo noids.

Clasts of the ba sal brec cia:
1. The lime stone with cri noid-"fila men tous" mi cro fa -

cies (Fig. 14A) was found only in one in stance. This lime -
stone in di cates that the deep est level reached by the ero sion
was Batho nian–Cal lovian. The lime stone con tains cri noi dal 
os si cles, thin shells of Bosi tra bu chi (Roe mer) bi valves,
echi noid spines, no dosar iid fo ra mini fers and some ghosts
af ter am mo noid shells.

2. The Sac coc coma lime stones (Fig. 14B) are char ac -
ter ized by pres ence of os si cles of plank tonic Sac coc coma
cri noids and other, ses sile cri noids, as well as bi valve shells, 
ap tychi and fo ra mini fers. Their age is Kim me ridgian to
early Ti tho nian.

3. The Ber ria sian or gan ode tritic lime stone clasts con -
tain cal pi onel lids (Cal pi onella alpina Lo renz), bi valve and
brachio pod frag ments, cri noid os si cles, os tra cods, tiny gas -
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Fig. 12. Gen eral cross sec tion of the Jara bina quarry with po si tion of the Al bian de pos its. 1 – Black shales (proba bly Skrzypny Shale
For ma tion, Aalenian); 2 – Black shales with sphe ro sid er ites of the Skrzypny Shale For ma tion (Aalenian–low er most Ba jo cian); 3 –
White- yellowish cri noi dal lime stones of the Smo le gowa Lime stone For ma tion with py rite fram boids at the base (stars) (Ba jo cian); 4 –
Red thick- bedded mic ritic lime stones of the Bohu nice For ma tion (Batho nian–Kim me ridgian); partly they fill the nep tu nian dykes; 5 –
Red marl stones and marly lime stones of the Chmie lowa For ma tion (Al bian)
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Fig. 13. Field pho tos, slabs and mac ro pho tos from the Jara bina lo cal ity: A – Field view on the high est part of the Jara bina quarry; the
dashed line sepa rates the Al bian marls (Chmie lowa For ma tion) from the red Cal lovian–Kim me ridgian mic ritic lime stones (Bohu nice For -
ma tion); the con tact is un even and cuts across sev eral lay ers; B – Pre- Albian ero sional sur face on the lime stones of the Bohu nice For ma -
tion, cov ered by the Chmie lowa For ma tion; C, D – Red lime stone with pebble- sized clasts (white or grey), phos phatic on coids and
phos pha tized lime stones (both yel low or green ish); E – Shark tooth and de tritic ad mix ture in the con densed Al bian lime stone (treated by
ace tic acid); F – Knob- shaped fish- tooth (Sphe nodus sp.), ex tracted from the con densed Al bian lime stones



tro pods, ju ve nile am mon ite shells, rare os si cles of Sac coc -
coma, Len ticulina sp. fo ra mini fers, ag glu ti nated and no -
dosar iid fo ra mini fers, rare cal ci fied ra dio lari ans and bryo -
zo ans. One clast was frac tured, with frac ture filled with
clear blocky cal cite (Fig. 14G);

4. The or gan ode tri tal wacke stones with hed ber gel lid
fo ra mini fers (up per most Ap tian–Lower Al bian; see the pre -
vi ous sec tion) also con tain dis persed echi no derm os si cles,
echi noid spines, bi valve shells, frag ment of ser pu lid worms, 
os tra cods, Len ticulina sp. fo ra mini fers and vari ous ag glu ti -
nated fo ra mini fers. The bi valve frag ments are fre quently
bored. In one in stance, the lime stone clast also con tained
phos phatic stro mato lites.

5. The clasts of phos pha tized lime stones com monly
have their origi nal struc ture al most com pletely oblit er ated
by newly- formed phos phate. Some ghosts of bush- form
stro mato lites (Fig. 14C, D) and hed ber gel lid fo ra mini fers
can be ob served. They in di cate, that the lime stones were of
Late Ap tian–Al bian age. How ever, some in stances of older
phos pha tized lime stones were found too. Their age is Kim -
me ridgian to Ber ria sian as they con tain ghosts af ter Sac coc -
coma and cal pi onel lids;

6. The clasts of older brec cia con tain de tri tus of cal pi -
onel lid lime stones (Ber ria sian), lime stones with hed ber gel -
lid fo ra mini fers (Ap tian–Al bian), glau co nite and quartz
grains. The clasts of brec cia points to mul ti ple re work ing of
the sedi ment.

Most of the clasts are strongly cor roded (Fig. 14H). At
the mar gins of some of them, yellowish- green patches oc cur 
(proba bly phos phatic). They in di cate that some phos pha ti -
za tion might take place still af ter the for ma tion of the ba sal
brec cia.

Pres ence of the clasts with crinoid- filamentous mi cro -
fa cies (Batho nian–Cal lovian) in di cates rela tively deep ero -
sion, simi larly as at Horné Sànie lo cal ity. The thick ness of
Up per Ju ras sic (Ox for dian–Kim me ridgian) lime stones, un -
der ly ing the Al bian, is also rela tively small. The Ti tho nian
lime stones were not found in situ, only as clasts.

The Al bian to Ce no ma nian ma trix of brec cia rep re sents 
red mic rite with dis persed cri noid os si cles, tiny hed ber gel -
lid fo ra mini fers, inoce ra mid prisms and shell frag ments, ap -
tychi, fish teeth, vari ous taxa of ag glu ti nated fo ra mini fers,
no dosar iid fo ra mini fers, rare os tra cods and ju ve nile am -
mon ites. Sandy quartz ad mix ture and authigenic glau co nite
are not com mon. Lo cally, tiny phos phatic on coids oc cur
too. The fo ra mini fers are domi nated by plank tonic forms
(ben thic are sub or di nate): Hed ber gella plani spira (Tap -
pan), H. del rio en sis (Carsey), H. tro coi dea (Gan dolfi), Pla -
noma lina (Glo bi ger inel loi des) sp. and Tici nella primula
Luter bacher. The as sem blage points to late Early Al bian
through the Mid dle Al bian. Some sam ples con tained Pla -
noma lina bux torfi (Gan dolfi), Thal man ni nella ticinen sis
ticinen sis (Gan dolfi), Prae glo botrun cana del rio en sis
(Plum mer), P. stephani (Gan dolfi), Whitei nella sp. and
Hed ber gella plani spira (Tap pan). They rep re sent Pla noma -
lina bux torfi Zone (the up per most Al bian) sensu Maamouri
et al. (1994). In some thin sec tions, Ce no ma nian foamini -
fers were found (Fig. 14E, F): Thal man ni nella brotzeni (Si -
gal), Prae glo botrun cana cf. del rio en sis (Plum mer) and
Thal man ni nella sp. The pres ence of these taxa in di cates that 

fill ing of the in ter sti ces in the ba sal brec cia was fin ished in
the Early Ce no ma nian.

Kamenica
This lo cal ity is situ ated at the SW foot of a large klippe

(Figs 15, 16A), close to the NE mar gin of the Kamenica vil -
lage in the east ern Slo va kia. The klippe is steeply in clined.
Its main por tion con sists of Ba jo cian cri noi dal lime stones
(Smo le gowa and Kru pi anka lime stone for ma tions), Up per
Ba jo cian–Kim me ridgian red nodu lar lime stone (Czorsz tyn
Lime stone For ma tion), the Dursz tyn Lime stone For ma tion
and £ysa Lime stone For ma tion (Ti tho nian–Neo comian).
The up per most part of the lat ter is rep re sented by white
lime stone brec cia (Walen towa Brec cia Mem ber). This
mem ber is over lain by red Al bian marl stones (found in rel -
ics). They fill de pres sions, re main ing in ter sti tial pores and
frac tures in the brec cia (Fig. 16B–D). The Al bian sed i ment
also rep re sent a brec cia.

Clasts in the brec cia: The clasts are rela tively mo -
nomic tic, al most ex clu sively rep re sented by mic rites with
ghosts of cal ci fied ra dio lari ans and cal pi onel lids Cal pi -
onella alpina Lo renz (Ber ria sian), frag ments of thin- shelled 
bi valves, sparce sponge spic ules, cri noid os si cles, Len -
ticulina sp. and ag glu ti nated fo ra mini fers, tiny gas tro pods,
ju ve nile am mo noids and very rare Sac co coma os si cles.

Ma trix of the brec cia: There are two types of ma trix in
the brec cia:

1. Older ma trix is rep re sented by cri noid grain stone,
with blocky cal cite, ce ment ing the in ter sti tial pores. To -
gether with cri noids there are thick- shelled bi valves, bra-
chio pods, ap tychi (mostly Lae vap tychus), echi noid spines,
ag glu ti nated fo ra mini fers, fo ra mini fers Len ticulina sp. and
ghosts af ter ra dio lari ans. Frag ments of phos phatic on coids
were found too. This ma trix is bored, with bor ings filled by
younger, Al bian pack stone with hed ber gel lid fo ra mini fers.

2. The younger (Al bian) ma trix is red- coloured, in
places pass ing to grey. The rock is a pack stone with nu mer -
ous cri noid os si cles (with ini tial syn tax ial rims), inoce ra mid 
prisms, frag ments of other bi valves, ben thic fo ra mini fers
(Len ticulina sp. and Dorothia sp.). Re worked older allo-
chems (in clud ing even cal pi onel lids) oc cur also in the ma -
trix. The hed ber gel lid fo ra mini fers mainly oc cur in more
open spaces; they are not so nu mer ous in more closed in ter -
sti tial spaces. The as sem blages con sists mostly of: Hed ber -
gella plani spira (Tap pan), Tici nella rob erti (Gan dolfi), T.
primula Luter bacher and Pla noma lina (Glo bi ger inel loi des)
sp. The walls of the fo rami nif eral tests are com monly re -
crys tal lized. The as sem blage points to Tici nella primula
Zone sensu Ro baszyn ski & Ca ron (1995), that in di cates late 
Early Al bian to Mid dle Al bian. Ac cord ing to Maamouri et
al. (1994), this zone is nar rower, with a range from the latest 
Early Al bian early though  Mid dle Al bian.

Czer wona Ska³a Klippe
The lo cal ity oc curs in the west ern road- cut beween

Dursz tyn and Krem pachy vil lages (Spisz re gion) on the Pol -
ish part of Pi en iny Klip pen Belt (Fig. 1D1). The re sults ob -
tained show that the old est part of the Pus tel nia Marl Mem -
ber over lies a small, Lower Cre ta ceous (Ber ria sian) klippe
of red Cal pi onella lime stone, be long ing to the Dursz tyn
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Lime stone For ma tion and, as K. B¹k showed (1998, fig. 3),
the old est sam ple number 10 is about 0.5–1.0 m above this
con tact. There fore, it is pos si ble that the low er most bed of
the red marls is of the Lower Ce no ma nian age (K. B¹k, pers. 
com.). Moreo ver, the con tact be tween the pink ish mic ritic
lime stones of the klippe and marls is sharp, ero sional and ir -
regu lar. A very thin, only 1mm thick, layer of fine- grained
quartz cov ered im me di ately this sur face, and 1–5 cm thick
green ish and brown- greenish phos phatic stro mato lite oc cur
on it. The lami nae of this stro mato lite are mul ti col oured, de -
pend ing on the min era logi cal com po si tion (re vealed by X-

 ray analy sis; e.g.: fluoroa pa tite – green ish, go ethite – dark
brown). Mi cro bi al ites are es pe cially rep re sented by Fru tex -
ites-like stro mato lites with sev eral up ward ori ented bran-
ches. These bi os truc tures are di rectly over lain by the low er -
most beds of the Pus tel nia Marl Mem ber of (Early?) Ce no -
ma nian age.

Vilki Dil - Ba rak ishtche
The lo cal ity oc curs in the Ukrain ian part of the Pi en iny

Klip pen Belt in the Vulk ovchik Val ley (Fig. 17). The Ba -
rak ishtche hill rep re sents al most a whole se quence of an
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Fig. 14. Mi cro pho tos of clasts and fo ra mini fers from Al bian–Ce no ma nian sedi ments at the Jara bina lo cal ity: A – Clast of the lime stone
with “fila men tous”-cr ino idal mi cro fa cies (left). The most prob able age of the lime stone is Ba jo cian–Batho nian (it rep re sents the deep est
level of ero sion at this lo cal ity); B – Clast of Kim me ridgian lime stone with os si cles of plank tonic cri noids Sac coc coma; C – Clast of the
Up per Ap tian–Lower Al bian lime stone with col lum nal phos phatic stro mato lites; D – Clast of Up per Ap tian–Lower Al bian phos pha tized
fo rami nif eral lime stone; E – Ce no ma nian plank tonic fo ra mini fers Thal man ni nella brotzeni Si gal) (right) and Prae glo botrun cana cf. del -
rio en sis (Plum mer) in the ma trix of the brec cia; F – Ce no ma nian plank tonic fo ra mini fer Thal man ni nella sp.; G – Clast of Ber ria sian Cal -
pi onella lime stone (ber) sur rounded by Al bian sedi ment (al). The lime stone clast con tains pre- Albian blocky cal cite vein let (c); H –
Strongly cor roded clast of Sac coc coma lime stone in the Al bian–Ce no ma nian sedi ment

Fig. 15. Gen eral cross sec tion of the Kamenica lo cal ity with po si tion of the Al bian de pos its. 1 – White cri noi dal lime stones of the Smo -
le gowa Lime stone For ma tion (Ba jo cian); 2 – Red nodu lar lime stones (am monitico rosso-type) of the Czorsz tyn For ma tion (Up per Ba jo -
cian–Kim me ridgian); 3 – Creamy Cal pi onella lime stones of the Dursz tyn Lime stone For ma tion (Ti tho nian–Ber ria sian); 4 – Sedi men tary
brec cia of the Walen towa Brec cia Mem ber of the £ysa Lime stone For ma tion (Ber ria sian) with ir regu lar clasts of the un der ly ing lime -
stones of the Dursz tyn Lime stone For ma tion; 5 – Red Al bian marl stones



atypi cal Czorsz tyn Suc ces sion from Ba jo cian ar co sic sand -
stone at the base up to pe lagic mid- Cretaceous, varie gated
marls on the top. In the up per part of the out crop, the con tact 
be tween white- yellowish Cal pi onella lime stones and the
over ly ing vio let marly lime stones (Chmie lowa For ma tion?)
is sharp. The sur face of top most Cal pi onella lime stone bed
is cor roded and ir regu lar, with traces of bor ings (?bivalve-
 type), cov ered by P- Fe- Mn crusts (Fig. 18A, B). The thick -
ness of vio let marls does not ex ceed 2–2.5 m and they are
over lain by green, spotty marls (Po miedznik For ma tion?).
The pre cise age of these marls is un known be cause this se -
quence is still un der in ves ti ga tion, but the com pari son with
an other lo cali ties within the Pi en iny Klip pen Belt sug gests
their Al bian age.

X- RAY DIF FRAC TION ANALY SIS
OF THE AL BIAN DEEP- WATER

STRO MATO LITES AND ON COIDS

The XRD analy ses were car ried out of the stro mato lites
from Vršatec, Horné Sànie and on coids from Horné Sànie
and Jara bina lo cali ties. At Vršatec lo cal ity, the XRD rec ord
shows mostly pres ence of three phases: fluo ra pa tite, go -
ethite and quartz (Fig. 19A). An other sam ple from Vršatec
lo cal ity 47 con sists of cal cite and py ro lu site (Fig. 19C). The
stro mato lites from Horné Sànie have very simi lar com po si -
tion to the first sam ples from Vršatec. This para gene sis was
here com ple mented by cal cite; go ethite was pres ent but not
in all sam ples.
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Fig. 16. Field pho tos and slabs from the Kamenica lo cal ity: A – View on the Kamenica Klippe; po si tion of the relic Al bian sedi ments in -
di cated by ar row; B, D – Walen towa Brec cia Mem ber, over lain by red Al bian marls; C – On set of the Al bian marls onto Walen towa Brec -
cia Mem ber of the £ysa Lime stone For ma tion (Ber ria sian). The suc ces sion is tec toni cally over turned



The XRD analy ses of on coids showed that those from
Hrné Sànie lo cal ity have vari able min era logi cal com po si -
tion. There were on coids with com po si tions iden ti cal to
those of the fluo ra pa tite stro mato lites (fluo ra pa tite, go ethite, 
quartz ± cal cite; Fig. 19B). Be sides them there were also go -
ethite and cal citic on coids, with ad mix ture of quartz. From
Jara bina lo cal ity, the ana lysed on coids were mostly formed
by fluo ra pa tite, with low pro por tion of quartz (Fig. 19D).
Along with stro mato lites and on coids, in solu ble re sid uum
of the Upper Ap tian lime stone from Horné Srñie (con tain -
ing stro mato lites and on coids) was also ana lysed. The dif -
frac tion rec ords show that il lite and smec tite is also pres ent
ex cept of the min er als pres ent in the afore men tioned stro -
mato lites and on coids.

The re sults of XRD analy sis show that the domi nant
min eral of the sam ples is fluo ra pa tite, which is the most
wide spread phos phate in na ture. It is known, how ever, that
the fluo ra pa tite group phos phates are char ac ter is tic by iso -
mor phic re place ment of ani ons and cati ons which re sults in

tran si tion to other min er als ofthe group. The phos phatic
group can be re placed CO3 and the ra tio of F and OH also
changes. In this way, car bon ate fluo ra pa tite Ca5(PO4 CO3)3

(F,OH) (fran co lite) origi nates, which is the most com mon
ma rine phos phate. The iso mor phic re place ment, how ever,
is ac com pa nied by small changes of ele men tary cell di men -
sions of the min eral.

Guld brand sen (1970) pro posed a sim ple in di rect
method to es ti mate the CO2 con tent of fran co lite on the ba -
sis of XRD analy sis. He found the fol low ing em piri cal
equa tion: CO2%=23.6341–14.7369 x, where x = D2q (004 – 
410) CuKa. Us ing this equa tion, the CO2 amount es ti mated
for our sam ples (af ter re cal cu la tion CoKa to CuKá ra dia tion
val ues) var ies in the range 1.45–1.87% (prior to the XRD
analy sis, cal cite im pu ri ties were re moved by 10% ace tic
acid). This method is widely used but the re sults ob tained
are sys tem ati cally higher than those de ter mined chemi cally
(Na than, 1984).
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Fig. 17. Gen eral cross sec tion of the Vilki Dil- Barakishtche lo cal ity with po si tion (ar row) of sur face of the Neo comian lime stone, cov -
ered by the Al bian de pos its. 1 – White- grayish sand stones (?Ba jo cian); 2 – Yel low sandy- crinoidal lime stones of the Smo le gowa Lime -
stone For ma tion (Ba jo cian); 3 – Red nodu lar lime stones (am monitico rosso-type) of the Czorsz tyn Lime stone For ma tion (Up per
Ba jo cian–Ti ho nian); 4 – White- yellowish Cal pi onella lime stones of the Dursz tyn Lime stone For ma tion (Ber ria sian); 5 – Vio let marly
lime stones of the ?Chmie lowa For ma tion (Al bian); 6 – Varie gated marls of the Ja worki For ma tion; 7 – Yel lowish con glom er ates and
sand stones of the Jar muta For ma tion (Palaeo gene)

Fig. 18. Field pho tos from the Vilki Dil- Barakishtche lo cal ity. A – Neo comian lime stones (grey), cov ered by yel lowish phos phatic stro -
mato lites at the base of the Al bian sedi ments; B – Sur face of the Neo comian lime stone bored by bi valves
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Min er als can be dis tin guished ei ther by quan ti ta tive
chemi cal analy sis or by its re frac tion in dex. The lat ter could
not be veri fied, as the phos phate crys tals were sub mi cro -
scopic. Data about ori gin of car bon ate fluo ra pa tite were
sum ma rized by Na than (1984). Kra jewski et al. (1994) pro -
vided sum mary about mecha nism of pre cipi ta tion of apa tite
in sedi ments. Phos phatic stro mato lites are com mon in Pre -
cam brian and Cam brian of the Asian- Pacific prov ince and
in the Meso zoic Medi ter ra nean prov ince (Kra jewski et al.,
1994) to which also Czorsz tyn Suc ces sion be longs. Many
ex am ples of Al bian phos phatic stro mato lites in the Te thyan
realm can be found in the lit era ture, e.g., Kra jewski (1981,
1983), Martín- Algarra & Vera (1994) etc. Mod ern ex am -
ples ap peared to lack, but re cently Rao et al. (2000, 2002)
re ported ana logs of an cient phos phatic stro mato lites from
Holo cene de pos its off shore South east In dia.

Rusty- brown col ou ra tion of some sam ples was caused
by go ethite or by X- ray amor phous Fe- oxides. These min er -
als were ac com pa nied with cal cite. Mi nor amounts of quartz 
and py ro lu site were found too. Among clay min er als, il lite
and low- crystalline smec tite are pres ent.

DIS CUS SION

Sub ma rine ero sion or emer sion?

The ab sence of the Hau terivian–Ap tian sedi ments in
the Czorsz tyn Suc ces sion has been rec og nized long ago
(Birken ma jer, 1963, 1977; Kro bicki & Wierzbowski,
1996). Ear lier opin ions pre ferred ex pla na tion in volv ing
sub ma rine ero sion, rather than emer sion and sub aer ial ero -
sion. The main rea son was the over all ab sence of ba sal clas -
tics and on set of the pe lagic Al bian de pos its di rectly on the
dis con ti nu ity sur face. The Al bian marls of the Chmie lowa
For ma tion over lie un even sub stra tum of dif fer ent ages,
mainly of the red cri noi dal lime stones of the Valang in ian
Spisz Lime stone For ma tion (Kro bicki & Wierzbowski,
1996). The com mon oc cur rence of P- Fe- Mn stro mato lites
and hard grounds near the base of the Al bian in di cates a con -
densed sedi men ta tion that could help to ex plain the ab sence
of the Hau terivian–Ap tian sedi ments. An other im por tant
fact was the lack of shallow- water Hau terivian–Ap tian de -
pos its in the units which were proba bly situ ated in the vi cin -
ity of the Czorsz tyn sedi men tary area (mostly Niedzica,
Pruské and Czertezik suc ces sions). In the case of emer sion,
ex pec ta tion of shallow- water de pos its (Urgonian- type fa -
cies) in the sur round ing deeper- water units, to gether with
clas tics de rived from the emerged area, would be logi cal.

From the new and re vis ited lo cali ties pre sented herein,
the Horné Sànie lo cal ity plays a key role. Deep ero sion, bi -
zarre kar ren land forms with ver ti cal grooves, cavi ties in the
un der ly ing lime stones etc., alow us to state that the pre-
 Albian emer sion and kar sti fi ca tion of the Czorsz tyn Swell is 
evi dent. Fresh- water al gae found in Led nica by Dra gas tan
& Mišík (2001) also sup port this view.

The time range of the emer sion is dif fi cult to es ti mate
but it had to oc cur dur ing a longer time in the Hau -
terivian–Ap tian pe riod. The ero sion reached as deep as the
Ba jo cian cri noi dal lime stones and formed kar stic re lief.

Most of to- date ob ser va tions reg is tered mostly over ly ing of
the Al bian sedi ments on Ti tho nian to Valang in ian lime -
stones. So far, there were only two ex am ples of con tact be -
tween the Al bian sedi ments and the Ba jo cian cri noi dal lime -
stones. The first ex am ple was the Szczobiny lo cal ity of
Jure wicz (1997, see also sum mary of lit era ture data).
Another con tact be tween the Al bian and the Ba jo cian cri -
noi dal lime stones at Vršatec was in ter preted as pene tra tion
of nep tu nian dykes (Mišík, 1979).

The events that fol lowed the main phase of emer sion
and kar sti fi ca tion are best docu mented in Led nica, that in di -
cates sev eral re peat ing events of depo si tion, emer sion and
kar sti fi ca tion be fore the fi nal flood ing. Af ter the main, Hau -
terivian–Ap tian kar sti fi ca tion, the land was sub merged and
cri noi dal wacke stones were de pos ited. Af ter lithi fi ca tion of
the lime stones, the bot tom emerged again and un der went
the next phase of kar sti fi ca tion There af ter the area was
flooded defi nitely, the bot tom was bored by bi valves and
red pe lagic marls sedi mented sub se quently. The evo lu tion
re sulted in de vel op ment of so called po lyphase karst. The
term was in tro duced by Mo lina et al. (1999) from the Betic
Cor dil lera, Spain. Some of their kar sti fi ca tion phases are
even coe val with those found in the Czorsz tyn Unit.

Pa leo geo graphic con se quences

The ques tion of the ab sence or pres ence of the Hau -
terivian–Ap tian shallow- water de pos its in the Pi en ini cum
can be ex plained by emer sion of larger area than pre vi ously
thought. From the Pieni dic units, Urgonian- type fa cies oc -
cur mostly in the Nižná Suc ces sion (prove nance of Hali -
govce Suc ces sion, that also con tains Urgonian- like lime -
stones, is com monly at trib uted to the Cen tral West ern Car -
pa thi ans; Birk en ma jer, 1959, 1977). Its Ju ras sic de vel op -
ment is, how ever, simi lar to the Ky suca Suc ces sion, which
to gether with Pi en iny Suc ces sion be longs to the deep est
suc ces sions of the Pi en iny Klip pen Belt. In the tran si tional
Niedzica Suc ces sion, the Bar re mian–Ap tian sedi ments
were de scribed by Birk en ma jer (1977) as pe lagic grey mic -
ritic lime stones. How ever, Ober ma jer (1987) docu mented a
case where the Bar re mian–Ap tian sedi ments were miss ing
in the Niedzica Suc ces sion. The Al bian marl stones rested
on a biz zare sur face of the Neo comian Pi en iny Lime stone
For ma tion. Al though the author in ter preted the un even sur -
face as origi nated due to sub ma rine dis so lu tion, it is very
simi lar to the pa laeo karst sur faces men tioned herein from
the Czorsz tyn Unit. A simi lar site was also re ported by Be -
gan (1969) from the vi cin ity of Horná Súèa vil lage, where
the Cal pi onella lime stone is over lain there by dark green ish
spot ted marls con tain ing Al bian mi cro fauna. How ever, no
de tailed in for ma tion of this con tact is given. As far as the
Czertezik Suc ces sion is con cerned (an other tran si tional
unit), its Bar re mian–Ap tian de pos its are not known. Moreo -
ver, its origi nal po si tion be tween the Czorsz tyn and Nie-
dzica suc ces sions, as de fined by Birk en ma jer (1977) was
recently chal lenged (Wierzbowski et al., 2004). More
likely, this unit oc curred more sea ward, in an area be tween
the Niedzica and Brani sko (Ky suca) units. Once ad mit ting
emer sion as far as the Niedzica sedi men tary area, it is also
nec es sary to ad mit that the Urgonian- type lime stones of the
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Fig. 20. Model of the Early Cre ta ceous evo lu tion of the Pieni dic area. A – Valang in ian: the Czorsz tyn ele va tion was flooded and sub -
tidal to ner itic sedi men ta tion took place; B – Bar re mian sea- level drop re sulted in emer sion of the more ele vated Pieni dic units as far as the 
mar gin of the Kysuca- Pieniny Trough (sedi men tary area of the Nižná Suc ces sion), where a shallow- water depo si tion of the Urgonian- type 
fa cies took place; most of the emerged land was eroded and kar sti fied to vari ous depths; C – Late Ap tian new flood ing oc curred with
depo si tion of or gan ode tritic lime stones on the Czorsz tyn Ele va tion; D – Early Al bian a new sea- level drop re sulted in new kar sti fi ca tion,
also in volv ing the new Up per Ap tian lime stones, form ing thus a po lyphase karst; E – Mid dle Al bian: rapid flood ing, with depo si tion of
red pe lagic marls that cov ered the kar sti fied ar eas



Nižná Suc ces sion (Nižná Lime stone de fined by Scheib ner,
1967b) might rep re sent the sought shallow- water de pos its
that rimmed the emerged area. These lime stones also con -
tain clasts (e.g., black cherts and lime stone clasts), de rived
from the Pi en iny Lime stone (Scheib ner, 1967b). Re work ing 
of this Neo comian Maiolica- type lime stone to such a de gree 
that free re sid ual chert nod ules re mained was pos si ble only
by sub aer ial ex po sure and weath er ing. The sedi men tary
area of the Nižná Suc ces sion was then also par tially
emerged.

CON CLU SIONS

From the data pre sented in this pa per, a new model of
pre- Albian evo lu tion of the Czorsz tyn Ridge (Swell – sensu
Mišík, 1994) is in tro duced. Af ter Valang in ian depo si tion of
cri noi dal Spisz Lime stone For ma tion (Fig. 20A), an emer -
sion of the Czorsz tyn Ridge, with ad ja cent sedi men tary ar -
eas of the Niedzica, Czertezik and partly Nižná Suc ces sion,
took place (Fig. 20B). The emer sion re sulted in deep, kar sti -
fi ca tion and lo cal fresh- water ce men ta tion. In this time, the
shallow- water Nižná Lime stone was de pos ited in the Nižná
Suc ces sion.

The suc ceed ing flood ing was mul ti phase. In the lat est
Ap tian, a rapid, but tem po rary ma rine in cur sion flooded the
Czorsz tyn Ridge (Fig. 20C) and hard grounds were formed,
cov ered by P- Fe- Mn stro mato lites. Af ter wards, red or gan -
ode tritic lime stones were de pos ited. Con tra dict ing former
views, our in ves ti ga tion showed that there were some ba sal
clas tics but re stricted only to this first phase of flood ing. Af -
ter this ma rine in cur sion, a next tem po rary sea- level drop
fol lowed, with sub se quent phase of par tial ero sion and kar -
sti fi ca tion. A po lyphase karst, as de fined by Mo lina et al.
(1999), was formed (Fig. 20D). In the newly emerged part
of the ridge, only rem nants of the Up per Ap tian or gan ode -
tritic lime stones were pre served. The phos phatic stro mato -
lites and phos pha tized lime stones that origi nated dur ing the
first phase of flood ing were partly re worked. In the ar eas
that were not af fected by the re gres sion, a con tinu ous depo -
si tion be tween the Late Ap tian and Al bian oc curred. The fi -
nal flood ing came in the form of rapid in gres sion in the
Mid dle Al bian, ac com pa nied with the for ma tion of new
hard grounds and stro mato litic crusts, ac com pa nied by the
depo si tion of pe lagic marl stones and lime stones (Fig. 20E).
This depo si tion al ter nated with pe ri ods of non- deposition
and sub ma rine ero sion, be cause also younger, Ce no ma nian
to Tu ro nian de pos its, were found on the base. Some emer -
sion events that can hap pen at that time also can not be ex -
cluded.
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Ap pen dix

AL BIAN–CE NO MA NIAN OF THE CZORSZ TYN
UNIT – COM PLETE SUM MARY

OF THE LIT ERA TURE DATA

Prior to this pub li ca tion, more than 40 oc cur rences of the Al -
bian–Ce no ma nian sedi ments of the Czorsz tyn Suc ces sion, over ly -
ing un der ly ing rocks were men tioned in lit era ture (Fig. 1). This
ap pen dix pro vides their brief sum mary that is nec es sary to un der -
stand their char ac ter and vari abil ity. Note, the age de ter mi na tions
were taken from the lit era ture and do not nec es sar ily fit to the pres -
ent knowl edge.

Lo cali ties in Slo va kia
Babiná – quarry. The lo cal ity rep re sents an aban doned

quarry at the foot of Babiná Hill, close to the road be tween Bohu -
nice and Krivoklát in the mid dle Váh Val ley (see Mišík et al.,
1994; Au brecht, 2001; Au brecht & Túnyi, 2001). In its left part,
Scheibnerová (1969, p. 26 and 28) de scribed cav erns filled with
varie gated marls con tain ing Ro tali pora ticinen sis (Gan dolfi) and
Pla noma lina bux torfi (Gan dolfi). She de ter mined the age of the
as sem blage as Early Ce no ma nian. These cav erns were ob served
still dur ing quar ry ing; later they were de stroyed.

An in ac cu rately lo cated Bohu nice lo cal ity was also men -
tioned by Kan torová & An dru sov (1958, p. 168). They in formed
about red and grey Al bian marls with Thal man ni nella ticinen sis
(Gan dolfi) near a klippe of Czorsz tyn Suc ces sion.

Chrastková near Krivoklát. Jurko vièová (1980, p. 44) men -
tioned red marl stones (15 m) over ly ing the Cal pi onella lime -
stones. In the marl stones, Be gan (1958) found Ro tali pora
ap pen in nica (Renz) etc., be long ing most proba bly to the Ce no ma -
nian. The Al bian is also pres ent at the base of the marl stones.

Vieska- Bezdedov - Žiaèik Hill. Al bian nep tu nian dyke was
found, that was re cently in ves ti gated by Pot faj et al. (2000).

Dolný Mlyn near Lu bina. A quarry de scribed by An dru sov et
al. (1959, p. 319 and fig. 5). On the right part of the quarry, im me -
di ately above a fault, red to vio let marls (up to 30 cm) over lie Ti -
tho nian lime stones. The marl stones con tain Ro tali pora ap en ninica
(Renz). Higher up, grey- greenish marls (up to 20 cm) oc cur, also
con tain ing R. ap en ninica (Renz). The fo ra mini fers in di cate the
Ce no ma nian age. The Ce no ma nian marls are over lain by red marls 
of the Lower Tu ro nian.

A more re cent pic ture of this quarry was given by Scheib ner
(1967a, p. 64). Other pic ture and de scrip tion was pub lished by
Scheibnerová (1969, p. 24–26, fig. 2). The cor roded sur face of
Malm lime stones is over lain by green ish and vio let ish marls of
Late Al bian to Early Ce no ma nian age. Higher up, they pass into

varie gated Late Ce no ma nian Glo botrun cana marls with ra dio lari -
ans. These are over lain by Tu ro nian to Co nia cian pur ple marls and 
shales.

Dohòany. The lo cal ity is situ ated 3km south of Mesteèko vil -
lage, east of Hladký vrch Hill. The lo cal ity was men tioned as a
docu men ta tion point No. 173 by Au brecht (1990, p. 297). Red
lime stones of Late Al bian age were found over ly ing Ti tho nian
lime stones. They con tain Au cel lina sp. bi valves and nu mea rous
plank tonic fo ra mini fers: Tici nella rob erti (Gan dolfi), Thal man ni -
nella ticinen sis (Gan dolfi), Whitei nella gan dolfii Sa laj et
Gašparik ová, Hed ber gella aff. plani spira (Tap pan), Hed ber gella
div. sp., Mars sonella ex gr. oxy cona (Re uss), Clavi hed ber gella sp. 
and Len ticulina sp. The spe cies Whitei nella gan dolfii Sa laj et
Gašparik ová in di cates the letest Al bian, the zone of the same name 
sensu Sa laj & Sam uel (1984).

Jara bina. The lo cal ity was de scribed by An dru sov et al.
(1959, p. 318, see also a fig ure of Scheib ner, 1967a, fig. 4). Cor -
roded sur face of Kim me ridgian–Lower Ti tho nian Sac co coma
lime stones, coated by a fer rugi nous crust, is over lain by red Al bian 
marls and marly lime stones with Tici nella rob erti (Gan dolfi) and
ra dio lari ans (max. thick ness up to tens of cen ti me tres). Higher up,
they are over lain by Ce no ma nian marls.

Brvnište. An in ac cu rately lo cated site was de scribed by Kan -
torová and An dru sov (1958, p. 168). They men tioned oc cur rence
of red marls at a Czorsz tyn Suc ces sion klippe close to Brvnište vil -
lage, with Prae glo botrun cana stephani (Plum mer), Ro tali pora ap -
en ninica (Renz), Ro tali pora reicheli Mor nod and Glo bi gerina
ae qui lat er alis (Brady). The age of the marls was de ter mined to be
Late Ce no ma nian. A closer stra tigraphi cal re la tion ship with the
klippe oc cur ing nearby is not given.

Kamenica. The lo cal ity is an aban doned quarry at the foot of
the cas tle hill at Kamenica vil lage in the east ern Slo va kia. An
over turned sec tion of the Czorsz tyn Suc ces sion crops out in the
quarry, with two small rel ics of brick- red marls con tain ing Tici -
nella rob erti (Gan dolfi). The marls with stro mato lites and fer rugi -
nous hard ground on the base rep re sent trans gres sion of the Al bian
sedi ments on Ber ria sian and Valang in ian lime stones. In the first
oc cur rence, a brown stro mato lite oc curs on the base. This stro -
mato lite, as well as the over ly ing marl stones, con tain Al bian fo ra -
mini fers: Tici nella rob erti (Gan dolfi), Hed ber gella sp. Along with 
this fauna, nu mer ous shark teeth, rare fo ra mini fers Mars sonella
sp., Len ticulina sp., echi no derm os si cles, bored frag ments of bi -
valve shells, glau co nite grains and larger quartz grains (miss ing in
the un der ly ing Neo comian lime stones) are pres ent. In the Al bian
sedi ment, some black Fru tex ites-type co lum nar stro mato lites oc -
cur. The sec ond oc cur rence found by Mišík (1998, pl. 7, fig. G)
rep re sents Al bian nep tu nian dyke cut ting the Neo comian lime -
stone. The fill ing is red, mi cro sparitic, with rare Al bian fo ra mini -
fers filled with glau co nite. Some litho clasts of Neo comian and
Al bian lime stones were found in the sedi ment.

Lit ma nová. On the creek bank near the vil lage Lit ma nová,
Scheibnerová (1969, p. 28) de scribed trans gres sion of Up per Al -
bian to Lower Ce no ma nian sedi ments onto cor roded and bored
sur face of Up per Ti tho nian/Ber ria sian lime stone with Cal pi onella
alpina Lo renz, C. el lip tica Ca disch and Tin tin nopsella car pa thica
(Mur geanu et Filipe scu). The bor ings are filled with red and vio let
lime stone with hed ber gel lid fo ra mini fers.

Led nica. Mišík (1979, p. 29, pl. 18, fig. 2) men tioned a rem -
nant of Al bian marl stones on the cor roded and bored sur face of un -
cov ered Up per Ti tho nian lime stone. The bi valve bor ings were
ini tially filled (rimmed) with phos phate, the rest was filled with
red marl stone with plank tonic fo ra mini fers of Al bian: Thal man ni -
nella ticinen sis (Gan dolfi) and Hed ber gella aff. in fracre ta cea
(Glaess ner). This part ex am ined by Mišík (1979), how ever, does
not ex ist any more as it was cov ered by build ing an am phitea tre
over it. A new, even bet ter pre served part was dis cov ered re cently
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(see pres ent pa per). From the rem nants of the older oc cur rence,
Dra gas tan and Mišík (2001) de scribed fresh- water al gae from be -
neath the Al bian hard ground. This fact com ple ments the evi dence
of the Hau terivian–Ap tian emer sion of the Czorsz tyn Swell pre -
sented in this pa per.

My java. Scheibnerová (1969, p. 28) pro vided a short de scrip -
tion of a quarry north of the 393.5 m ele va tion point near the town
My java. In the left side of the quarry, cri noi dal lime stone of the
Spisz Lime stone For ma tion is over lain by grey marls and shales of 
Al bian age. Ac cord ing to the de scrip tion, the tran si tion seems to
be grad ual, con tra dict ing to rela tively abrupt change that is usual
in the Czorsz tyn Suc ces sion.

Nižná – Èer vená Skala. The lo cal ity, de scribed by Rich ter
(2002), is situ ated in Orava sec tion of the Pi en iny Klip pen Belt, in
the vi cin ity of Nižná Town, west of the ele va tion point 707 m. In
the over turned po si tion, the Czorsz tyn Lime stone For ma tion and
the Dursz tyn For ma tion crop out in an old aban doned quarry. Stra -
tigraphi cal top of the lat ter for ma tion is cor roded and over lain by
red marls with small clasts at the base. Higher up in the stra -
tigraphic suc ces sion, thin ra dio larite lay ers (6 and 30 cm) oc cur
(Po miedznik For ma tion), with Tu ro nian ra dio lari ans (Rich ter,
2002).

Vršatec. In the Vršatec Klip pen, sev eral sites with the Al bian
of the Czorsz tyn Suc ces sion were found. Most of them were men -
tioned by Mišík (1979) or in other pa pers. An in ter est ing in for ma -
tion comes from Sa laj and Sam uel (1966, p. 64) who found an
Up per Al bian flysch in ter ca la tion with ex otic ma te rial in the
Czorsz tyn Suc ces sion near Vršat ské Podhra die vil lage. Two new
sites were found re cently (see the next chap ter). The so far known
sites are as fol lows (origi nal names of the lo cali ties of Mišík
(1979) are main tained):

Vršatec – loc. 1a. It rep re sents a pressure- deformed fill ing of
a cav ity (or nep tu nian dyke), sev eral tens of cen ti me tres in size, in
white cri noi dal lime stone, found at the sum mit part of the Vršatec
Cas tle (Mišík, 1979, p. 29 and fig. 4f). On the ba sis of thin- section
study, the Lower Al bian age was de ter mined. The cav ern is lami -
nated but the Al bian plank tonic fo ra mini fers are con cen trated just
in some lami nae. A clast with “fila men tous” mi cro fa cies (Batho -
nian–Cal lovian) was found in the cav ern.

Vršatec – dyke G at loc.1. The oc cur rence was de scribed by
Mišík (1979, p. 29, fig. 4a, pl. 16, fig. 1). The nep tu nian dyke
pene trates through the white cri noi dal lime stone and pos sess two -
fold fill ing: Cal lovian/Ox for dian and Al bian. The Al bian fill ing is
lami nated.

Vršatec – loc. 5. The oc cur rence rep re sents a cav ern of about
1m size, filled with red marl stones (Mišík, 1979, p. 28). The fill ing 
con tains small bi valves (proba bly Au cel lina sp.). The pres ence of
Thal man ni nella ticinen sis (Gan dolfi) and Hed ber gella aff. in -
fracre ta cea (Glaess ner) in di cates Late Al bian age.

Vršatec – loc. 6. It rep re sents a cav ern fill ing in Neo comian
lime stone (fine- grained lime stone brec cia). The fill ing is of Late
Al bian age. Its sub stra tum was heav ily bored by bor ing al gae and
sponges. At the base, a crust (proba bly phos phatic) with lo cal rel -
ics of stro mato lite was found. In this crust, Tici nella rob erti (Gan -
dolfi) and Thal man ni nella ticinen sis (Gan dolfi) are pres ent,
to gether with abun dant prisms of inoce ra mids. Be lem nite guards
were also found, from which Neo hi bo lites mini mus Lister was de -
ter mined.

Vršatec – loc. 34. The oc cur rence rep re sents red marl stone
fill ing of a 1m sized cav ern in the Up per Ti tho nian lime stones.
The marl stones con tain fo ra mini fers Thal man ni nella (Ro tali pora)
ap pen ninica (Renz) and Pla noma lina bux torfi (Gan dolfi) that
were re ferred to the Early Ce no ma nian. It is note wor thy that this
was the only lo cal ity where clasts of the un der ly ing Ti tho nian
lime stones were found. Usu ally, the Al bian sedi ments do not con -
tain clas tic ma te rial from the un der ly ing rocks .

Vršatec – loc. 43c. Trans gres sive Al bian sedi ments on the
Neo comian lime stones, rep re sent ing a pocket some tens of cen ti -
me tres in size were de scribed by Scheibnerová (1969, p. 23, fig.
1). The author men tioned abun dant ros tra of be lem nite Neo hi bo -
lites mini mus Lister and bi valves. The base is cov ered by Fe- Mn
ox ides and tiny bor ings. The fill ing rep re sents red to vio let marly
lime stones, with small red cherts. The author also men tions an gu -
lar quartz grains and clast of me taquartz ite and a clast of proba bly
Ap tian lime stone. More re cently, Tici nella rob erti (Gan dolfi) and
Hed ber gella aff. in fracre ta cea (Glaess ner) were found, in di cat ing
the Early Albian age. In other part of the lo cal ity, Ce no ma nian
thal man nine lids were ac cu mu lated. The sedi ment also con tains in -
dis tinct Fru tex ites-type stro mato lites.

Vršatec – loc. 47. The lo cal ity men tioned by Mišík (1979) but 
with out closer de scrip tion was re- examined by the pres ent authors
(see above).

Vršatec – a lo cal ity above the ski lift. The site was men tioned
by Mišík (1979, p. 28, pl. 19, fig. 1). Neo comian lime stones are
over lain by ero sional relic of red marl stones with Tici nella rob erti
(Gan dolfi) and Hed ber gella aff. in fracre ta cea (Glaess ner), which
be long to Early Al bian. The sub stra tum is bored by al gae and
sponges. On the base, a phos phatic stro mato litic crust has de vel -
oped. The Al bian sedi ments also pene trate to tiny frac tures in the
un der ly ing lime stones, form ing nep tu nian mi cro dykes (Mišík,
1998, pl.8, fig. A). The Al bian sedi ment also fills molds af ter
leached bi valve shells in the un der ly ing lime stone.

Lo cali ties in Po land
Re cently ac ces si ble out crops:

Czer wona Ska³a Klippe. The lo cal ity is situ ated be tween
Krem pachy and Dursz tyn vil lages, at a road cut near Pus tel nia
(bus- stop place). It rep re sents stra to type sec tion of the Pus tel nia
Marl Mem ber of the Ja worki For ma tion and was sev eral times
men tioned in lit era ture (Birk en ma jer, 1958a, fig. 57; 1963, pls 7,
fig. 2; 9, fig. 3; 1977, figs 7n, 37a; 1979, fig. 46; Al ex androwicz,
1966, figs 23, 25; 1975; Dudz iak, 1979; fig. 2; 1985; Jed norowska, 
1979, fig. 2; K. B¹k, 1995, fig. 1; 1998, figs 2, 3; 2000; M. B¹k,
1996; Szyd³o, 1997, fig. 4). Mi cro pa lae on to logi cal stud ies docu -
mented the age of these marls by means of fo ra mini fers (Alexan-
drowicz, 1966; Jed norowska, 1979; Szyd³o, 1997; K. B¹k, 1998,
2000), ra dio lari ans (M. B¹k, 1996) and cal care ous nan no plank ton
(Dudz iak, 1979, 1985). The mi cro fos sils in di cate that the old est
part of brick- red marls is Mid dle Ce no ma nian in age (fo rami nif -
eral Ro tali pora reicheli Zone) and, si mul ta ne ously, it is the old est
level of the Pus tel nia Marl Mem ber in the whole Pol ish part of the
Pi en iny Klip pen Belt (Al ex androwicz, 1975; K. B¹k, 1998, 2000).
In this part of the sec tion, formini fers are domi nated by Glo bi ger -
inel loi des ben tonen sis (Mor row), Hed ber gella del rio en sis (Car-
sey), H. plani spira (Tap pan), Prae glo botrun cana del rio en sis (Plu- 
mmer), P. stephani (Gan dolfi) and Ro tali pora ap pen ninica (Renz) 
(Al ex androwicz, 1975; K. B¹k, 1998 – his sam ple number 10); ra -
dio lari ans by Holoc ryp to canium bar bui Du mitrica spe cies (M.
B¹k, 1996 – the same sam ple) and cal care ous nan no plank ton by
Coc co lithus ac ti no sus Sto ver, Cy clo coc co lithus cf. ro tula (Kampt -
ner) and Dis co lithus cf. obliq ui pons De flandre (Dudz iak, 1979).

Falsz tyn–Po miedznik Klippe. The out crop near the “Ci-
sówka” pen sion, close to the Niedzica–Nowy Targ road at Falsz -
tyn vil lage, be longs to the Po miedznik klip pen (Birk en ma jer,
1963, pls 8, fig.1; 16, fig. 3; 1977, figs 7l, 31b; Al ex androwicz,
1966, figs 19, 21; 1979; Ga si ñski, 1988, figs 1, 3; M. B¹k, 1993a,
b; Wierzbowski, 1994, fig. 5; K. B¹k et al., 1995; Kro bicki, 1996,
fig. 4). About 5.5 m thick com plex of well bed ded dark- red,
cherry- coloured and varie gated marly lime stones of the Chmie -
lowa For ma tion cover ir regu lar sur face of strongly cor roded un -
der ly ing rocks, which be long to 8.5m thick se quence of red and
brown- violet cri noi dal lime stones of the Spisz Lime stone For ma -
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tion. Poorly pre served cal pi onel lids (Wierzbowski, 1994) and
brachio pods (Kro bicki, 1996) within these cri noi dal lime stones in -
di cate their Early Valang in ian age.

The Chmie lowa For ma tion in this sec tion yielded fo rami nif -
eral fauna, in clud ing Gy roidina in fracre ta cea Moro zova, Osan gu -
laria in fracre ta cea Bu ka lova, Gave li nella schloen ba chi (Re uss),
Glo bi ger inel loi des breg gi en sis (Gan dolfi) and Ro tali pora ticinen -
sis (Gan dolfi) but with out pre cisely in di ca tion of the sam pling
sites (Al ex androwicz, 1966, 1979). This fo rami nif eral as sem blage
in di cates Mid dle to Late Al bian age. How ever, within the up per -
most part of the for ma tion (see Ga si ñski, 1988, fig. 3 – his sam ples 
1 and 2) “the oc cur rence of B. breg gi en sis and the ab sence of Ro -
tali pora sug gest a Middle Al bian age” (Ga si ñski, 1988: 238, fig. 8) 
and there fore this author cre ated in for mal, Hed ber gella lo cal as -
sem blage zone (= “Hed ber gella mi cro fa cies” of Al ex androwicz,
1966) which is “older than Late Al bian” (op. cit.). Con secu tively,
ei ther the lower part of the Chmie lowa For ma tion in this out crop is 
also Mid dle Al bian in age or the low er most part of it may be long
to the Early Al bian. On the other hand, for the whole Pi en iny Klip -
pen Belt Al ex androwicz (1979: 169) sug gested a lack of mi cro -
plae on to logi cal evi dences of the Early Al bian age of the red
lime stones and marls of the Chmie lowa For ma tion. There fore,
pre cise stra tigraphi cal po si tion of the low er most part of this for ma -
tion needs ad di tional in ves ti ga tions.

The Po miedznik For ma tion which over lies the Chmie lowa
For ma tion con sists of thin beds of green, some times spotty lime -
stones, with rare brachio pods (tere bratu lids) and Au cel lina gry -
phaeoi des Sow erby bi valves and fo ra mini fers which are domi-
nated by Hed ber gella del rio en sis (Carsey) (whole sec tion) and
Glo bi ger inel loi des ben tonen sis (Mor row) with Hed ber gella plani -
spira (Tap pan) (lower part of sec tion) and Pla noma lina bux torfi
(Gan dolfi) with Ro tali pora ap pen ninica (Renz) (up per part) (Ga -
siñski, 1988).

In con clu sion, the top of the up per most bed of the Spisz Lime -
stone For ma tion marks a dis tinct non- depositional sur face and
stra tigraphi cal gap be tween the Spisz and Chmie lowa for ma tions
rang ing from the Late Valang in ian to Ap tian (or even Early Al -
bian) in clu sively.

Niedzica Cas tle hill. The lo cal ity oc cur ring just be low the
Niedzica Cas tle was de scribed and il lus trated sev eral times by
Birk en ma jer (1957, fig. 10; 1958a, fig. 76; 1963, pl. 19; 1977, figs
7h, 28b; 1979, figs 62, 63; 1986, fig. 44; 1998, figs 6, 8, pl. 2;
1999, fig. 4; 2001, fig. 51). The Chmie lowa For ma tion is ab sent in
this out crop and, there fore, thin beds of green, spotty, of ten si li ci -
fied marly lime stones of the Po miedznik For ma tion (1.0 m thick)
oc cur di rectly on the white or green ish, mas sive and bed ded Cal pi -
onella lime stones of the Sobótka Lime stone Mem ber of the Dursz -
tyn Lime stone For ma tion (Lower Ber ria sian – Cal pi onella Zone
(B); Wierzbowski, 1994). Sedi men tary con tact be tween these two
for ma tions oc curs here as sug gested Birk en ma jer (1998), with big
gap be tween the Mid dle Ber ria sian and the Lower Al bian in clu -
sively.

North ern klip pen above the Kru pi anka stream (E side) at Ja -
worki vil lage rep re sent Ju ras sic–low er most Cre ta ceous se quence
(Birk en ma jer, 1958a, fig. 111; 1963, pl. 24, figs 1, 2, 4, 5; 1970;
1977, figs 7a, 30b). The Chmie lowa For ma tion is rep re sented by
very con densed (only 1.5 cm in thick ness), dark- red, cherry-
 coloured and haematite- red lime stones, oc cur ring as small lenses
or in fill ings of shal low pock ets on the ir regu lar sur face of the
white- cream and yel lowish Cal pi onella lime stone of the Sobótka
Lime stone Mem ber of the Dursz tyn Lime stone For ma tion (Ber ria -
sian). Poor mac ro fos sils were found within the Chmie lowa For ma -
tion: be lem nite, cri noid os si cles, spine of echi noid and some
prisms of Inoce ra mus shells (Birk en ma jer, 1963: 225). How ever,
the thick ness of the Po miedznik For ma tion is in com plete due to
par tial ero sion of the out crop. The for ma tion is de vel oped as

green- black or varie gated spotty lime stones with black- green
cherts and poorly pre served be lem nites. The stra tigraphi cal gap
ranged from Ber ria sian (Up per?) to Al bian.

Szcze panówka Klippe. The lo cal ity is situ ated near the Ho -
mole Gorge at Ja worki vil lage and was only men tioned by Birk en -
ma jer (1970: 17). The Chmie lowa For ma tion con sists of dark- red
and green ish nodu lar lime stones and its thick ness does not ex ceed
30 cm. Cri noi dal os si cles are com mon but be lem nites and frag -
ments of bi valves are rare. How ever, green and black- green spotty
marls of the Po miedznik For ma tion are about 7–8m in thick ness.
The base ment of these for ma tions is un known here.

Szczobiny. In the vi cin ity of the quarry on the west ern side of
the Ho mole Gorge, Jure wicz (1997, figs 2, 7) de scribed and il lus -
trated a sedi men tary con tact be tween white cri noi dal lime stones of 
the Ba jo cian Smo le gowa Lime stone For ma tion and green- black
shales of the Po miedznik For ma tion which some times pene trated
its base ment as nep tu nian dykes (op. cit., fig. 7). On the other
hand, green marly lime stones of the Chmie lowa For ma tion oc cur
lo cally as iso lated lenses be tween Smo le gowa and Po miedznik
for ma tions, and docu mented tha lack of Up per Ba jo cian–Ap tian
rocks; per haps they were re moved by ero sion.

Cza jakowa Ska³a Klippe above Ho mole Gorge near Ja worki 
vil lage was well docu mented in lit era ture (Birk en ma jer, 1958a,
fig. 115; 1963, pl. 25, fig. 4; 1970, fig. 3a; 1977, figs 7a, 20b;
1979, figs 106, 108; 1986, fig. 67; 2001, fig. 39; Golonka & Kro -
bicki, 2001, fig. 11a). One of the young est units of the whole Ju -
ras sic–Cre ta ceous se quence of the Czorsz tyn Suc ces sion in this
out crop is the Po miedznik For ma tion rep re sented by green and
green- black marls and marly lime stones, that are over lain by a
higher tec tonic unit of the Niedzica Nappe. The Po miedznik For -
ma tion rests upon mas sive, white Cal pi onella lime stone of the
Sobótka Lime stone Mem ber of the Dursz tyn Lime stone For ma tion 
(Ber ria sian).

A klippe be low the church at Ja worki vil lage be longs to the
best- known lo cali ties docu ment ing the Early Cre ta ceous hia tus.
Varie gated and red marls with ir regu lar dis tri bu tion of thin (maxi -
mum to 5 cm thick) varie gated and red marly lime stones of the
Chmie lowa For ma tion (Birk en ma jer, 1970, fig. 5b; 1979, fig. 109; 
1986, figs 64, 65; 2001, figs 46, 47; Al ex androwicz, 1979; Al ex -
androwicz & Tar kowski, 1979; Ga si ñski, 1991, fig. 8; Birk en ma -
jer & Kokoszyñska, 1999) cover strongly er roded hardground-
type sur face of white or cream- yellow Cal pi onella lime stones of
the Sobótka Lime stone Mem ber of the Dursz tyn Lime stone For -
ma tion (Ber ria sian) cov ered with hae ma tite crusts. Nu mer ous
small be lem nites (Neo hi bo lites sp.; Al ex androwicz & Tar kowski,
1979) were found in the Chmie lowa For ma tion, whereas black and 
green spotty marls and lime stones of the over ly ing Po miedznik
For ma tion yielded (L. Hor witz’s col lec tion) Os trea sp., Pyc no -
donta aff. vesicu laris (La marck), P. aff. vesicu losa (Sow erby), Au -
cel lina cf. gry phaeoi des Sow erby, Ex ogyra sp., Neo hi bo lites sp.
(Birk en ma jer, 1970; Birk en ma jer & Kokoszyñska, 1999). Mi cro -
fos sils are rep re sented by low- diversified fo rami nif eral as sem -
blage, con sist ing of Hed ber gella del rio en sis (Carsey), H. plani-
spira (Tap pan) and Tri taxia gaultina (Moro zova) (Al ex androwicz, 
1979). Stra tigraphic hia tus be tween the Sobótka Lime stone Mem -
ber and the Chmie lowa For ma tion shows a gap rang ing from Ber -
ria sian to Al bian.

Bia³a Woda Val ley – wa ter fall out crop shows the Chmie -
lowa and Po miedznik for ma tions (Birk en ma jer, 1963, pl. 23, figs
2, 4; 1977, figs 7a, 30a; 1979, figs 115, 116; 1986, fig. 72; Kro -
bicki, 1994, fig. 7l; 1996, fig. 6; Kro bicki & Wierzbowski, 1996,
figs 1, 2, 5; Birk en ma jer & Kokoszyñska, 1999). The Chmie lowa
For ma tion is rep re sented by dark red- brown lime stones, over ly ing
red and cherry- coloured cri noi dal lime stones of the Spisz Lime -
stone For ma tion (Lower Valang in ian). The lower bound ary of the
for ma tion rep re sents an ero sional sur face (Birk en ma jer, 1963)
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cor re spond ing to the non- deposition and/or ero sion that af fected
sedi ments rang ing from Valang in ian/Hau terivian to Al bian. The
Chmie lowa For ma tion con tains very abun dant plank tonic fo ra -
mini fers (Hed ber gella mi cro fa cies) of Early to Mid dle Albian age
(Birk en ma jer, 1977)

Bia³a Woda Val ley. About 100 m far from the wa ter fall there 
is a small out crop on the right side of Bia³a Woda stream (Birk en -
ma jer, 1963, pl. 23, fig. 5; Al ex androwicz, 1979, fig. 2; Al ex -
androwicz & Tar kowski, 1979), where red cri noi dal lime stones of
the Spisz Lime stone For ma tion oc cur (Valang in ian). The ero -
sional sur face of the top most bed is cov ered by hae ma tite, dark- red 
and vio let marly lime stones of the Chmie lowa For ma tion in fill ing
small, cor roded cavi ties where nu mer ous small be lem nites were
col lected by L. Hor witz and de ter mined by Kokoszyñska as Neo -
hi bo lites ul ti mus (d’Or bigny) (Birk en ma jer & Kokoszyñska,
1999, see also Al ex androwicz & Tar kowski, 1979). The fo rami -
nif eral as sem blage con sists of Hed ber gella del rio en sis (Carsey),
H. plani spira (Tap pan), Ro tali pora ticinen sis (Gadolfi), Glo bi ger -
inel loi des breg gi en sis (Gan dolfi), Osan gu laria in fracre ta cea Bu -
ka lova, Gave li nella schloen ba chi (Re uss) and oth ers (Alexan-
drowicz, 1979). The as sem blage in di cates Mid dle and Up per Al -
bian age. By this rea son, the stra tigraphic gap be tween the Spisz
and Chmie lowa for ma tions ranges here from Valang in ian to Ap -
tian (or even Lower Al bian) in clu sively.

Re cently in ac ces si ble out crops
(known only from lit era ture):

Ob³azowa Klippe near Nowa Bia³a vil lage at Bia³ka river
(Birk en ma jer, 1958a, fig. 48; 1963, pls 7, fig. 1; XII, fig. 1; 1977,
figs 7p, 20c; 1979, fig. 35). Po miedznik For ma tion is rep re sented
by green ish spotty marls. The con tact with un der ly ing white Cal -
pi onella lime stones of the Sobótka Lime stone Mem ber of the
Dursz tyn Lime stone For ma tion (Ber ria sian) is not ex posed now
(cov ered by Holo cene de pos its).

Kor owa Klippe near Krem pachy vil lage (Birk en ma jer, 1963, 
pls 7, fig. 1; 9, fig. 1; 1977, figs 7o, 27c; 1979, figs 39, 41; Al ex -
androwicz, 1979; Kro bicki, 1994, fig. 7g; 1996, fig. 3). The
Chmielowa and Po miedznik for ma tions were ex posed by an ar ti fi -
cial trench. The former unit was char ac ter ized by violet- pink,
green ish and varie gated lime stones with gen tle tran si tion to the
un der ly ing red and cherry- coloured cri noi dal lime stones of the
Spisz Lime stone For ma tion (see Birk en ma jer, 1963: 131) of the
late Valang in ian age (Kro bicki & Wierzbowski, 1996). The fo -
rami nif eral as sem blage in the Chmie lowa For ma tion con sists of
nu mer ous speci mens of Hed ber gella del rio en sis (Carsey), H.
plani spira (Tap pan), Tex tu laria chap mani Lalicker, Spi roplecti -
nata an nec tens (Jones et Parker), Tri taxia gaultina (Moro zova),
Sara ce na ria italica De france (Al ex androwicz, 1979).

The Po miedznik For ma tion is rep re sented by varie gated, of -
ten spotty marly lime stones with mul ti col oured cherts.

Bor su kowa Klippe near Krem pachy vil lage (Birk en ma jer,
1963, pl. 11, fig. 4; Al ex androwicz, 1979; Kro bicki, 1994, fig. 7i).
The lo cal ity is re cently cov ered by Pleis to cene and Holo cene de -
bris and vege ta tion. For merly it was in ves ti gated by Birk en ma jer
(1963) in a shal low ar ti fi cial trench. The Chmie lowa For ma tion is
rep re sented by green and varie gated marly lime stones and marls
with uni den ti fied frag ments of mac ro fos sils; the Po miedznik For -
ma tion con sists of green spotty lime stones with brown and black
cherts. Con tact with the un der ly ing vio let cri noi dal lime stones of
the Spisz Lime stone For ma tion (Valang in ian) was tec toni caly dis -
turbed and, there fore, un clear. In the Chmie lowa For ma tion, fol -
low ing fo ra mini fers were de terimned: Hed ber gella del rio en sis
(Cersey), H. plani spira (Tap pan), Spi roplecti nata an nec tens
(Jones et Parker), Tri taxia gaultina (Moro zova), Len ticulina

planius cula (Re uss), Sara ce na ria italica De france (Al ex an dro-
wicz, 1979).

Lo ren cowe and Gêœle klip pen near Krem pachy vil lage
(Birk en ma jer, 1963, pl. 11, fig. 1; 1977, figs 7o, 29a; 1979, figs 42, 
43). Only a small tec tonic lense of red lime stones of the Po -
miedznik For ma tion was rooted be tween two slices of the Up per
Cre ta ceous marls. Re cently it is com pletely cov ered by Qua ter -
nary rub ble. The base ment of the Al bian rocks is then un known.

£ysa Ska³a Klippe near Falsz tyn vil lage (Birk en ma jer,
1958a, fig. 89; 1963, pls 8, fig. 1; 18, figs 1, 4; 1977, figs 7l, 28a;
Al ex androwicz, 1966, fig. 19; 1979). Cherry- red and partly green
lime stones of the Chmie lowa For ma tion were dis cov ered within
an ar ti fi cial trench on the south east ern side of the main ridge of the 
klippe. They yielded a fo rami nif eral as sem blage, con tain ing Hed -
ber gella del rio en sis (Cer sey), H. plani spira (Tap pan), Ro tali pora
ticinen sis (Gan dolfi), Glo boro tal ites brotzeni ro ma nus Neagu,
Tex tu laria chap mani Lalicker, Marginu lina elon gata d’Or bigny,
Sara ce na ria bronni (Roe mer) and Val vu lineria gracil lima Ten
Dam (Al ex androwicz, 1979). Over ly ing green and black marls and 
marly lime stones be long to the Po miedznik For ma tion. These for -
ma tions rested upon green ish and pink ish cri noi dal lime stones of
the Spisz Lime stone For ma tion (Valang in ian).

Chmie lowa and Ko sorki klip pen at Falsz tyn vil lage (Bir-
ken ma jer, 1963, pls 8, fig. 1; 17, figs 2, 3; 1977, figs 7l, 30d; Ale-
xandrowicz, 1966, figs 19, 22, 1979). At this lo cal ity, the stra to -
type of the Chmie lowa For ma tion (10 m thick) was lo cated. The
for ma tion con sists of cherry- coloured, red and green, some times
spotty lime stones. How ever, it was only stud ied in a long trench
that does not ex ist any more. Nu mer ous mi cro pa lae on to logi cal
sam ples were col lected from the trench, with rich as sem blages of
fora mini fera, con sist ing of Hed ber gella del rio en sis (Cer sey), H.
plani spira (Tap pan), Glo bi ger inel loi des breg gi en sis (Gan dolfi),
Ro tali pora ticinen sis (Gan dolfi), Gy roidina in fracre ta cea Moro -
zova, Osan gu laria in fracre ta cea Bu ka lova, Anoma lina hostaen sis
Moro zova, Gave li nella in ter me dia (Berthe lin), G. schloen ba chi
(Re uss) and oth ers, de scribed by Al ex androwicz (1979). The
above cited assm blage in di cates Mid dle to Late Al bian age (see
Al ex androwic z’s dis cus sion). The top of the un der ly ing white and
cream Cal pi onella lime stones of the Sobótka Lime stone Mem ber
of the Dursz tyn Lime stone For ma tion (Ber ria sian) forms un even
hardground- type sur face (see Birk en ma jer, 1977, fig. 30d). The
Po miedznik For ma tion is rep re sented by green lime stones and
green and black marly lime stones (of ten spotty).

Brynczkowa Klippe at Falsz tyn vil lage (Birk en ma jer, 1963,
pls 8, fig.1; 16, figs 1, 2; 1977, figs 7l, 31a; Al ex androwicz, 1966,
figs 19, 20; 1979). In this lo cal ity, the Chmie lowa and Po miedznik
for ma tions were un cov ered by shal low trench (Birk en ma jer, 1963) 
and were rep re sented by dark red and green ish, some times cri noi -
dal lime stones (Chmie lowa For ma tion) and green ish, black- green
spotty lime stones with cherts (Po miedznik For ma tion). Both for -
ma tions over lie dark–red cri noi dal lime stone of the Spisz Lime -
stone For ma tion (Valang in ian), but the thick ness of the Chmie-
lowa For ma tion is proba bly tec toni caly re duced (only 20 cm)
with out fea tures of sedi men tary con den sa tion. Fo ra mini fers as -
sem blage is rep re sented by Hed ber gella del rio en sis (Carsey), H.
plani spira (Tap pan), Glo bi ger inel loi des breg gi en sis (Gan dolfi),
Ro tali pora ticinen sis (Gadolfi), Spi roplec tam mina bau dou ini ana
(d’Or bigny), Tex tu laria chap mani Lalicker, Gy roidina in fracre ta -
cea Moro zova, Gave li nella schloen ba chi (Re uss) and oth ers (Al -
ex androwicz, 1979).

Zielone Ska³ki klippen near Falsztyn vil lage (Birkenmajer,
1963, pls 8, fig. 1; 15, fig. 2; 1977, figs 7j, 27b; Alexandrowicz,
1979). Thin beds (0.5 m in to tal thick ness) of green and red lime -
stones of the Chmielowa For ma tion with rare cri noid os si cles oc -
cur just above dark red, green-yel low and vi o let crinoidal
lime stones of the Spisz Lime stone For ma tion (Valanginian); the
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Pomiedznik Lime stone For ma tion is rep re sented by green and
green-black spotty marly lime stones with multi col oured cherts.
All the men tioned rocks were dis cov ered in a small trench lo cated
in the mid dle part of belt of the klippen. Within the Chmielowa
For ma tion, fol low ing foraminifers were de ter mined: Hedbergella
delrioensis (Carsey), H. planispira (Tappan), Rotalipora ticinensis
(Gandolfi) and Spiroplectinata annectens (Jones et Parker)
(Alexandrowicz, 1979).

Halka Klippe (= “Nad Plosem” Klippe) near the Czorsztyn
Cas tle (Birkenmajer, 1958a, fig. 73; 1963, pls 8, fig. 3; 14, fig. 1;
1977, figs 7i, 22a; 1979, figs 56, 57; Gasiñski, 1988, figs 1, 5; M.
B¹k, 1993a, b; Myczyñski & Wierzbowski, 1994, fig. 1; K. B¹k et
al., 1995, figs 1, 3). This lo cal ity is now flooded by wa ter of
Czorsztyn dam (lake) built dur ing the 90-ies in the last cen tury.
The Chmielowa For ma tion was ab sent in the klippe; the Pomiedz-
nik For ma tion was rep re sented by green ish-pink ish and green-blue 
lime stones, of ten si lici fied, with bel em nites and frag ments of bi -
valves. Birkenmajer (1963, 1977, 1979) sug gested oc cur rence of a
tec tonic gap be tween this unit and its base ment. The substratuum
is rep re sented by dark- and light-red col oured nod u lar lime stones
of ammonitico rosso–fa cies of the Czorsztyn Lime stone For ma -
tion (Kimmeridgian/Tithonian?; cf. Wierzbowski & Remane,
1992; Myczyñski & Wierzbowski, 1994). Foraminiferal biostrati-
graphy was stud ied by Gasiñski (1988) (see also K. B¹k et al.,
1995) and dinoflagellate cysts were de scribed by Jamiñski (1990).
The foraminifers are mainly rep re sented by Hedbergella delrio-
ensis (Carsey), H. planispira (Tappan), H. sim plex (Mor row),
Rotalipora appenninica (Renz) (Gasiñski, 1988). Radiolarian
fauna was dom i nated by Holocryptocanium barbui Dumitrica (M.
B¹k, 1993a) which in di cates Late Albian–Early Cenomanian age.

Sobótka Klippe within the Czorsztyn Cas tle klippen was
most of ten de scribed and il lus trated in lit er a ture, since this out crop 
is the type lo cal ity of the Czorsztyn Suc ces sion (Birkenmajer,
1958a, fig. 71; 1963, pl. 13, figs 1, 2; 1977, figs 7i, 27a; 1979, figs

53, 54; 1986, fig. 33; 2001, figs 50, 51; Alexandrowicz, 1966, figs
13, 15; 1979; Alexandrowicz & Tarkowski, 1979; Gasiñski, 1988,
figs 1, 4; M. B¹k, 1993a, b; K. B¹k et al., 1995; Krobicki, 1994,
fig. 7k; 1996, fig. 5). Unfortunatelly, the lower part of this sec tion
was flooded by the Czorsztyn dam and, there fore, the youn ger
parts of the se quence are re cently in ac ces si ble. The Chmielowa
For ma tion was rep re sented by cherry-red and green ish bed ded
lime stones. Ac cord ing to Birkenmajer (1963), they were tec toni -
cally re duced. The Pomiedznik For ma tion con sists of black, green
and black-green, of ten spotty lime stones with cherts. These for ma -
tions rest im me di ately on the red-vi o let crinoidal lime stone of the
Spisz Lime stone For ma tion (Lower Valanginian; Wierzbowski,
1994; Krobicki, 1996). Within the Chmielowa For ma tion, mi cro-
fos sils are very abun dant and are rep re sented by foraminifers dom -
i nated by planctonic Hedbergella delrioensis (Carsey), H. plani-
spira (Tappan), Globigerinelloides bentonensis (Mor row), G.
breggiensis (Gandolfi) and Rotalipora appenninica (Renz) or ben -
thic Dorothia gradata (Berthelin), Arenobulimina preslii (Reuss)
and Osangularia infracretacea Bukalova (Alexandrowicz, 1966,
1979; Gasiñski, 1988, K. B¹k et al., 1995). Radiolarian fauna was
rep re sented by Holocryptocanium barbui Dumitrica and Squi-
nabollum fossilis (Squinabol) (M. B¹k, 1993a, b); dinoflagellate
cysts were mainly rep re sented by Lithosphaeridium siphonipho-
rum (Cookson et Eisenack) (Jamiñski, 1990; K. B¹k et al., 1995).
From macrofossils, solely small bel em nites were found (Alexan-
drowicz & Tarkowski, 1979). All the fos sils in di cate Late Albian
age and, there fore, the strati graphi cal gap at the lo cal ity ranges
from the Up per Valanginian to the Mid dle (?) Albian.

Ka puœnica. The sec tion that was ex posed on the left side of
Du na jec river (op po site to the Niedzica Cas tle) is re cently flooded
by the Czorsz tyn dam. Only Po miedznik For ma tion has been il lus -
trated and its base ment was un known (Birk en ma jer, 1958a, fig.
75; 1979, fig. 61).
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