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Biostratigraphic in ves ti ga tions of car bon ate strata that sand wich vol ca nic rocks and stud ies of the vol ca nic rocks were made
along five com pos ite lithological sec tions across the Up per Jurassic–Lower Cre ta ceous car bon ate rocks of autochthonous
cover of the High-Tatric Unit in the Osobitá peak area of the West ern Tatra Mts. A car bon ate microbreccia that con sists al -
most ex clu sively of lime stone clasts con tain ing calpionellids oc curs im me di ately be low the volcanics. The youn gest iden ti -
fied microfossil Calpionella elliptica Cadisch in the in di vid ual lime stone clasts showed the age of brec cia for ma tion to be
youn ger than late Early–early Middle Berriasian. The vol ca nic rocks are over lain by the Osobitá Lime stone For ma tion, which
in the low er most ho ri zons con sists of a few metres thick crinoidal lime stone con tain ing the foraminifers Meandrospira favrei
(Charollais, Brönnimann and Zaninetti), Sabaudia minuta Hofker and Montsalevia salevensis (Charollais, Brönnimann and
Zaninetti) in di cat ing a Late Valanginian–Early Hauterivian age. The biostratigraphical and sedimentological data ob tained
show that vol ca nism took place in sev eral phases. Less in tense phases of vol ca nism are re corded as thin tuffitic laminae
within the up per parts of the Tithonian–early Middle Berriasian Sobótka Lime stone Mem ber and as frag ments of vol ca nic
rock in the car bon ate brec cia. The main phase(s) of vol ca nism took place dur ing the Late Berriasian–?Early Valanginian.

Key words: Cen tral West ern Carpathians, West ern Tatra Moun tains, autochthonous cover of the High-Tatric Unit, al ka line
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INTRODUCTION

The oc cur rence of Cre ta ceous vol ca nic rocks in the West -
ern Carpathians is known from var i ous tec tonic units of both
their cen tral and ex ter nal zones. The com po si tion of these vol -
ca nic rocks cor re sponds to al ka line bas alts/basanites (Hovorka 
and Spišiak, 1988; Spišiak and Hovorka, 1997). In the Cen tral
West ern Carpathians, al ka line vol ca nic rocks are com mon
though are not vo lu mi nous in Early to Mid-Cre ta ceous strata
mainly from the Fatric, Tatric and prob a bly also from the Hronic
units (Hovorka and Spišiak, 1988). Vol ca nism is rep re sented by 
small bod ies of sub ma rine lava with volcaniclastic rocks al ways
as so ci ated with pe lagic sed i ments and/or dykes and sills pen e -
trat ing crys tal line base ment. The age of this vol ca nism based
on biostratigraphic (Hovorka and Spišiak, 1988, 1993 and ref er -
ences therein) and geo chron ol ogi cal data (K-Ar iso to pic ages
106 and 116 Ma ac cord ing to Bujnovský et al., 1981 and
approx. 100 Ma ac cord ing to Spišiak and Balogh, 2002) is gen -
er ally Aptian to Early Albian.

Al ka line vol ca nic rocks in the autochthonous cover of the
High-Tatric Unit from the Osobitá peak area in the West ern Tatra 
Mts. (Fig. 1) have been stud ied since the end of the 19th cen tury.
Their pe trog ra phy, pe trol ogy and geo chem is try are com par a -
tively well-known. Orig i nally they were de scribed as diabases
(Uhlig, 1889) and later as limburgites and limburgite tuffs (Kreutz, 
1909, 1913; Zorkovský, 1949). More re cent stud ies, they have
been in ter preted as hyalobasanites and hyalo clas tites (Hovorka
and Spišiak, 1981, 1988, 1990, 1993; Spišiak and Hovorka,
1997; Hovorka et al., 1999; Ivan et al., 1999).

The age of vol ca nism from the Osobitá peak area is based
only on biostratigraphic data ob tained from the sur round ing car -
bon ate rocks. Ac cord ing by Kreutz (1909, 1913), vol ca nic ac tiv -
ity took place dur ing the lat est Ju ras sic and ear li est Cre ta ceous. 
Rabowski (1933) con sid ered the vol ca nic ac tiv ity to be prob a bly 
youn ger than the Valanginian. A polyphase char ac ter of vol ca -
nism dur ing the Tithonian to Early Berriasian was as sumed by
Kotañski and Radwañski (1959), the main phase be ing af ter the 
Early Berriasian (Staniszewska and Ciborowski, 2000).

The main pur pose of this con tri bu tion is re vi sion of the strati -
graphic po si tion of the al ka line vol ca nic rocks based on
biostratigraphy and microfacies anal y sis of the un der ly ing and
over ly ing car bon ate strata. The pres ent study also at tempts to
clar ify the palaeoenvironmental set ting of the sed i men tary pro -
cesses and co eval vol ca nism. Pos si ble vol ca nic pro cesses that 
formed the volcaniclastic de pos its are also dis cussed.
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Fig. 1. Lo ca tion and geo log i cal map of the Osobitá peak area with po si tion of the sec tions stud ied
 (based on Lefeld et al., 1985 and Nemèok et al., 1993)

A – sketch-map with lo ca tion of the Osobitá peak area; B – tec tonic sketch of the Tatra Mts.; C – geo log i cal map of the study area
with lo ca tion of the sec tions stud ied; 1 – granitoid rocks of the crys tal line base ment; 2–12 High-Tatric Unit: 2 – Lúžna Fm.
(Scythian), 3 – Werfenian beds (Scythian–Werfenian), 4 – Guttenstein Fm. (Anisian–Ladinian), 5 – Carpathian Keuper (Up per
Carnian–Norian), 6 – Tomanová Fm. (Rhaetian), 7 – Trlenská Fm. (Hettangian–Bajocian), 8 – Vils Fm. (Bajocian–Bathonian), 9
– Raptawicka Turnia Lime stone Fm. (Callovian–Hauterivian), 10 – Vol ca nic rocks (Up per Berriasian–Lower Valanginian), 11 –
Osobitá Lime stone Fm. (Up per Valanginian–Lower Albian), 12 – Zabijak Marlstone Fm. (Albian–Lower Turonian); 13–20 Fatric
Unit: 13 – Guttenstein Fm. (Anisian), 14 – Carpathian Keuper (Norian?–Lower Rhaetian), 15 – Fatra Fm. (Rhaetian),16 –
Kopienec Fm.(Hettangian–Sinemurian), 17 – Allgäu Fm. (Sinemurian–Lower Bajocian), 18 – Czorsztyn Lime stone Fm.
(Kimmeridgian–Lower Tithonian), 19 – Jasenina Fm. (Kimmeridgian?–Lower Berriasian), Osnica Fm. (Lower–Mid dle
Berriasian), Koœcieliska Marl Fm. (Up per Berriasian–?Lower Aptian), 20 – Muráò Lime stone Fm. (Up per Hauterivian–?Lower
Aptian); 21–22 Hronic Unit: 21 – Ramsau Dolomites (Anisian–Ladinian), 22 – Reifling Lime stones (Up per Anisian–Ladinian); 23 
– ta lus ma te rial; 24 – nappe décollement planes of the Fatric and Hronic Units; 25 – faults; 26 – roads; 27 – paths; L1–L6 – lo cal i -
ties stud ied; red  as ter isk – ex po sure stud ied by Staniszewska and Ciborowski (2000)



GEOLOGICAL SETTING

The Osobitá peak area stud ied is lo cated in the west ern part 
of the West ern Tatra Mts. In the Pol ish-Slo vak bor der land
(Fig. 1). This area is built mostly of the Lower Tri as sic–Up per
Cre ta ceous autochthonous sed i men tary cover of the
High-Tatric Unit. The High-Tatric Unit is over lain by the par tial
nappes of Fatric and Hronic units (Fig. 1). Strati graphic re -
search of the sed i men tary suc ces sion of the Osobitá peak area
has been per formed mainly by Pol ish au thors (Rabowski, 1933; 
Kotañski and Radwañski, 1959; Lefeld, 1968; Lefeld et al.,
1985; Staniszewska and Ciborowski, 2000). The sed i men tary
suc ces sion of the Osobitá peak area in cludes un usual Up per
Ju ras sic–Lower Cre ta ceous lithologies (Fig. 2) dif fer ent from
those of the other autochthonous sed i men tary cover suc ces -
sions of the High-Tatric Unit in the Tatra Mts. The Up per Ju ras -
sic–Lower Cre ta ceous car bon ate strata con sist of the Rapta -
wicka Turnia Lime stone For ma tion that is rep re sented by
crinoidal and micritic lime stones with thin tuffitic laminae of the
Sobótka Lime stone Mem ber in this area (ac cord ing to Lefeld et
al., 1985). The Sobótka Lime stone Mem ber is about 20 m thick
in the Osobitá peak area (Kotañski and Radwañski, 1959). In
the Suchá Val ley (as ter isk on Fig. 1) in the up per most part of
the Sobótka Lime stone Mem ber, car bon ate microbreccia has
been re ported (Staniszewska and Ciborowski, 2000). The brec -
cia com prises ex clu sively lime stone clasts, that are all sim i lar to 
lithologies of the up per part of the Raptawicka Turnia Lime -
stone For ma tion in the Pol ish part of the West ern Tatra Mts.
Based on calpionellid microfaunas in the in di vid ual lime stone
clasts, the for ma tion of the brec cia af ter the Early or Mid dle
Berriasian was in ferred (Staniszewska and Ciborowski, 2000).
Vol ca nic rocks oc cur im me di ately above the car bon ate
microbreccia. They form very poorly ex posed len tic u lar bod ies
and bands from the Predná Kremenná Val ley through the
Suchá Val ley to the Bobrovecká Val ley (Fig. 1). They are not re -
sis tant to weath er ing, and so are ex posed al most ex clu sively as 
de bris; con tact with the car bon ates has not been ob served
dirrectly, but it ap pears to be sharp. The true thick ness of the
volcanics is hence very hard to de ter mine and es ti mates from
two to thirty metres (Fig. 3). Nev er the less, small por tions of
sub aque ous lavas with volcaniclastics have been de scribed
(Kreutz, 1913; Kotañski and Radwañski, 1959; Hovorka and
Spišiak, 1981, 1988). One ex po sure of a 25 m thick lava body
with tuffitic con glom er ates was re ported by Kotañski and
Radwañski (1959) on the east slope of Osobitá peak.

The vol ca nic rocks are over lain by the 45–60 m thick
Osobitá Lime stone For ma tion of Barremian–Lower Aptian age,
which rep re sents a dis tal fa cies of the High-Tatric “Urgonian“
(Lefeld, 1968; Lefeld et al., 1985). The Osobitá Lime stone For -
ma tion con sists of dark grey, al most black, well-bed ded fine
organodetrital lime stones with brown ish cherts. Very thin strata
of dark grey pelitic lime stone with globigerinas have been de -
scribed at the base of the Osobitá Lime stone For ma tion; they
are fol lowed by dark and red dish crinoidal lime stones a few
metres thick with small brachi o pods, bi valves, orbitolinas and
belemnoids (Lefeld, 1968; Lefeld et al., 1985). The lower
bound ary of the Osobitá Lime stone For ma tion is char ac ter ized
as a tec tonic con tact against vol ca nic rocks, and so the low est
ho ri zons of this for ma tion are miss ing in places (Lefeld et al.,
1985). The sed i men tary se quence of the High-Tatric Unit in the
Osobitá peak area is ter mi nated by the Albian–Lower Turonian
Zabijak Marlstone For ma tion (Krajewski, 1981).
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Fig. 2. Lithological col umn of the Up per Ju ras sic–Cre ta ceous
de pos its of the sed i men tary suc ces sion of the Osobitá peak
area (mod i fied af ter Lefeld et al., 1985; Staniszewska and
Ciborowski, 2000 and our re search)
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MATERIAL AND METHODS

The work de scribed is based mainly on biostratigraphic and
microfacies anal y sis of the up per most Ju ras sic–low er most
Cre ta ceous car bon ate strata sandwiching the bod ies of vol ca -
nic rock. De tailed field ob ser va tions of the re la tion ships be -
tween the host car bon ate de pos its and the vol ca nic rocks have
been ob tained from five com pos ite sec tions (Fig. 3) in the
Suchá Val ley: L1, L2 – a hunt ing path at the north ern edge of
the Široký Gully; in the Bobrovecká Val ley: L3 – on the west ern
slope ca. 100 m south of an old quarry, L4 – a hunt ing path on
the east ern slope, L5 – ca. 200 m above the hunt ing path; and
one lo cal ity in the Predná Kremenná Val ley: L6 – the north west -
ern slope of Osobitá peak (Fig. 1), where sam ples of vol ca nic
rocks were col lected from de bris. Ob ser va tions fo cused on the
char ac ter of the con tacts of the vol ca nic rocks with the un der-
and over ly ing car bon ates, and on de tailed sam pling. In each
sec tion, sam ples both from un der- and over ly ing car bon ate
beds were taken from the clos est con tact with vol ca nic rocks.
Then, the sec tions were ana lysed bed-by-bed via de tailed sam -
pling (Fig. 3). The microfacies of the car bon ate rocks were ana -
lysed in 43 thin sec tions. Microfacies anal y sis fol lows the clas si -
fi ca tion by Dun ham (1962). The biostratigraphy of the
Tithonian–Berriasian lime stones stud ied is based on the
calpionellid zonation by Reháková and Michalík (1997).

De scrip tion of the volcaniclastic de pos its fol lows Fisher
(1961), Fisher and Schmincke (1984), McPhie et al. (1993) and
White and Hought on (2006).

RESULTS

LIMESTONES UNDERLYING THE VOLCANIC ROCKS

The old est rocks sam pled in the sec tions stud ied are light
pink crinoidal lime stones (L2, L4, Fig. 3), in cluded here in the
Sobótka Lime stone Mem ber. The Sobótka Lime stone Mem ber
is char ac ter ized by al ter nat ing grey ish-pink ish crinoidal lime -
stone and pale micritic lime stone with calpionellids. It con tains
in its up per part thin tuffitic laminae as so ci ated with the over ly -
ing vol ca nic rocks (Lefeld et al., 1985). The crinoidal lime stones 
sam pled rep re sent well-sorted grainstones that con tain al most
ex clu sively frag ments of cri noids with a de tri tal ad mix ture (sam -
ple L41P) con sist ing of rounded quartz and K-feld spar grains up 
to 2 mm across and clays. No in dex micro fauna was ob served
in the thin sec tions.

At the ex po sure by Staniszewska and Ciborowski (2000) in
the Suchá Val ley (as ter isk on Fig. 1) the 10 m thick car bon ate
brec cia oc curs be tween un der ly ing crinoidal lime stones of the
Sobótka Lime stone Mem ber and over ly ing vol ca nic rocks. The
same sit u a tion is pres ent at lo cal i ties stud ied by us (Fig. 3). The
brec cia is about 10 m thick and oc curs im me di ately be low the
vol ca nic rocks. The brec cia con tains three main types of lime -
stone clast, the same as those de scribed by Staniszewska and
Ciborowski (2000): organodetrital lime stone, oolitic lime stone
and micritic lime stone. The lime stone clasts are an gu lar,
subangular and subrounded in shape and are very poorly
sorted. They range from 0.3 to 8 mm across. Clast mar gins
with out sharp con tacts with the sur round ing ma trix are quite
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Fig. 3. Com pos ite lithological sec tions from the Osobitá peak area

For lo ca tion see Fig ure 1



com mon. A few clasts con sist of smaller clasts of the same
type, formed by re peated redeposition. Apart from clasts of
lime stone, the brec cia con tains also scat tered com pletely
pseudomorphed frag ments of vol ca nic rock (Fig. 4E), oc ca -
sion ally also clays. The ma trix of the brec cia is mainly com -
posed of micrite, but lo cally also in cludes sparite (Fig. 4A, B).
Or ganic de tri tus in the ma trix of brec cia is rep re sented by frag -
ments of cri noids, echinoids, hyaline foraminifers such as
Lenticulina sp., bryozoa, fish bone frag ments, brachi o pods and
molluscs.

ORGANODETRITAL LIMESTONE LITHOCLASTS

The organodetrital lime stones are bioturbated
wackestones/packstones with abun dant or ganic de tri tus. A
Globochaete–Saccocoma microfacies is char ac ter is tic. Cal ci -
fied sponge spicules, frag ments of cri noid, radio lar ians,
echinoid spines, ostracods and ju ve nile ammonites (Fig. 4F)
are also pres ent. Rare un de ter mined ag glu ti nated foraminifers
and the hyaline foraminifer Lenticulina sp. also oc cur. The
organodetrital lime stone, in ad di tion to the micro fauna de -

Stratigraphic position of alkaline volcanic rocks in the autochthonous cover of the High-Tatric Unit... 167

Fig. 4. Microfacies of lime stones un der ly ing the vol ca nic rocks

A – car bon ate microbreccia, ma trix is com posed of micrite, (XPL – cross po lar ized light), sam ple L14P; B – car bon ate microbreccia
ce mented by sparite, (XPL), sam ple L33P; C – clast of oolitic lime stone, (XPL), sam ple L15P; D – clast of micritic lime stone, (XPL),
sam ple L14P; E – frag ment of to tally pseudomorphed vol ca nic rock, (XPL), sam ple L15P; F – clast of organodetrital lime stone,
(XPL), sam ple L14P



scribed above, also con tains the cal car e ous dinoflagellate
Cadosina semiradiata Wan ner, the cyst Shizopherella
minuttissima Colom and callpionellids, such as Crassicollaria
sp., Calpionella alpina Lorenz and Calpionella elliptica Cadisch
(Fig. 5). This calpionellid as sem blage cor re sponds to the
Elliptica Subzone of the Calpionella Zone of the late Early and
early Mid dle Berriasian.

OOLITIC LIMESTONE LITHOCLASTS

The oolitic lime stones con tain micritic ooids of reg u lar
shape and size about 0.30 mm across oc cur ring in a micritic
and/or spary ma trix (Fig. 4C). Ooids of the same size also oc cur 
in the ma trix of the brec cia. The nu clei of the ooids con tain
mostly the plank tonic cri noid Saccocoma and a calpionellid as -
so ci a tion of Crassicollaria parvula Remane, Crassicollaria
massutiana (Colom), Crassicollaria brevis Remane,
Crassicollaria colomi Doben, Calpionella alpina Lorenz and
Calpionella grandalpina Nagy (Fig. 5D). This calpionellid as so -
ci a tion cor re sponds to the Crassicollaria Zone up to the Alpina
Zone of the Calpionella Zone of the Late Tithonian and Early
Berriasian.

MICRITIC LIMESTONE LITHOCLASTS

The micritic lime stones are rep re sented by mudstones and
wackestones which con tain a pre dom i nantly calpionellid micro -
fauna (Fig. 4D). Calpionella alpina Lorenz, Calpionella elliptica
Cadisch and Calpionella minuta Houša are most fre quent. Rare 
Tintinopsella carpathica (Murgeanu and Filipescu) also oc curs
(Fig. 5B). This calpionellid as so ci a tion in di cates the Elliptica
Subzone of the Calpionella Zone of the late Early and early Mid -

dle Berriasian. The micritic lime stones also con tain cal ci fied
sponge spicules, echinoderm frag ments, ostracods, aptychi
and ju ve nile ammonites.

VOLCANIC ROCKS

Vol ca nic rocks oc cur in nor mal strati graphic po si tion
sandwiched be tween the un der ly ing car bon ate microbreccia
and over ly ing Osobitá Lime stone For ma tion. Volcanics are not
re sis tant to weath er ing, and con se quently oc cur only as de bris.
Di rect ex po sures have not been doc u mented dur ing our re -
search. More over, the vol ca nic rocks are ex ten sively al tered;
there fore, rarely fresh sam ples are pre served. They oc cur as
two dif fer ent vol ca nic lithofacies: volcaniclastics and rocks of
co her ent lavas.

VOLCANICLASTICS

The prev a lent vol ca nic rocks are volcaniclastics (Fisher,
1961; Figs. 6 and 7). These con tain ev i dent fea tures of ei ther a
sed i men tary (syn- or post-erup tion re work ing and redeposition)
or pyroclastic den sity cur rent or i gin (see dis cus sion be low).
There fore, we use the clas si fi ca tion and ter mi nol ogy for the de -
scrip tion of volcaniclastic rocks sug gested by White and
Hought on (2006) which can be used for volcaniclastic de pos its
of un cer tain or am big u ous or i gin.

Two prin ci pal volcaniclastic lithofacies, de fined by
grain-size, sort ing and sed i men tary fea tures (gra da tion, lam i na -
tion) are rec og nized. The first type is com posed of mostly poorly 
sorted subangular blocky and splin ter-shaped shards of highly
al tered and oc ca sion ally fresh basanites and basanite glass
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Fig. 5. Calpionellids from car bon ate microbreccia (sam ples L14P and L15P)

A – Calpionella minuta (Houša); B – Tintinopsella carpathica (Murgeanu and Filipescu) (left), Calpionella alpina Lorenz (right); C –
Calpionella elliptica Cadisch; D – Calpionella grandalpina Nagy; E – Crassicollaria brevis (Remane); F – Crassicollaria parvula Remane



(Figs. 6A and 7A, B). Shards size var ies from very coarse ash
to coarse lapilli, but lapilli-sized volcaniclastics pre dom i nate.
The shards are dense to mod er ately ve sic u lar, but rare highly
ve sic u lar shards also oc cur. Shard mar gins com monly have
de vel oped thin rims of hy dro ther mally al tered min er als (most
prob a bly al bite and chlorite) and un de fined ze o lite min er als
(Fig. 7D). Subangular to subrounded blocks (>64 to 200 mm) of 
fresh dark grey and black grey basanites over lain by coarse
lapilli tuff also oc cur (lo cal ity L4, Fig. 6C, D). These
volcaniclastic rocks are both clast- and ma trix-sup ported. Their
ma trix is com posed mainly of car bon ate, of ten col oured by
finely dis persed he ma tite (Fig. 7A, C).

The sec ond volcaniclastic type was found at localies L1 and 
L2 (Suchá Val ley, Široký Gully). This com prises fine ash- to fine 
lapilli-sized frag ments of basanite, of subangular to an gu lar
shape. Volcaniclastics of this type con tain a lithic ad mix ture
(<5%) of scat tered subangular quartz grains with un du la tory ex -
tinc tion, frag ments of cri noids, clasts of car bon ates and min er -
als of the spinel group (Fe-Ti spi nels–titanomagnetites, ac cord -
ing to Mikuš et al., 2006; Fig. 7E, F). These rocks are mod er -
ately to well-sorted and ex hibit clear sed i men tary fea tures, such 
as par al lel lam i na tion and grad ing (Fig. 6B). The ma trix is com -
posed of car bon ate (Fig. 7E, F).

ROCKS OF COHERENT LAVA FLOWS-BASANITES

Rocks of co her ent lava bod ies – basanites or hyalo -
basanites – were found only as de bris at lo cal ity L6 in the
Predná Kremenná Val ley (Fig. 1); con se quently, their de scrip -
tion is based mostly upon the in ves ti ga tions of Hovorka and
Spišiak (1981, 1988). Dark grey and al most black hyalo -
basanites with amyg da loid al tex ture are most fre quent. Amyg -
dales range from 1 mm to 1.5 cm across and ex hibit a char ac -
ter is tic elon gated shape (Fig. 8A, B). They are filled in with sec -
ond ary min er als such as cal cite, epidote, chlorite, he ma tite, al -
bite and ze o lite (Fig. 8D; Hovorka and Spišiak, 1988). The
hyalobasanites have a fine-grained hemicrystalline ma trix com -
posed of devitrified vol ca nic glass (Fig. 8C, D). Olivines and py -
rox enes form pheno crysts; lo cally, glomerophyric ac cu mu la -
tions of these phases are pres ent (Hovorka and Spišiak, 1981).
Pheno crysts of idiomorphic olivines (Fig. 8C) and py rox enes
(Ti-augites) are com pletely re placed by chlorite and/or car bon -
ate and only pseudo morphs can be ob served. Pheno crysts are
pref er en tially ori ented in places (see Hovorka and Spišiak,
1988: ta ble XII, fig. 1). Ac ces sory min er als are rep re sented by
ap a tite and il men ite (Hovorka and Spišiak, 1981, 1988). The
hyalobasanites con tain also small (sand-sized) scat tered xe no -
liths of recrystallised car bon ates (Hovorka and Spišiak, 1981).

Stratigraphic position of alkaline volcanic rocks in the autochthonous cover of the High-Tatric Unit... 169

Fig. 6. Volcaniclastics

A – poorly sorted lapilli tuff (hyaloclastite), lo cal ity L3; B – gra da tion (black ar row) and par al lel lam i na tion (red ar row) in coarse ash to fine 
lapilli tuff, lo cal ity L1; C, D – subangular to an gu lar blocks of basanite in fine to coarse lapilli tuff, lo cal ity L4
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Fig. 7. Mi cro scopic fea tures of the volcaniclastic rocks

 A – hyaloclastite com posed of rel a tively well-sorted blocky highly al tered shards of basanite, (XPL), lo cal ity L3; B – poorly sorted
hyaloclastite – rel a tively fresh shards of basanite also oc cur, (XPL), lo cal ity L3; C – ma trix of hyaloclastite is com posed of car bon ate, (XPL),
lo cal ity L3; D – al ter ation of basanite shards, black he ma tite rims and un de fined ze o lite min er als, (XPL), lo cal ity L3; E – non-vol ca nic ad mix -
ture of an gu lar to subangular quartz grains (Qtz), a min eral of the spinel group (Sp) and cri noid frag ments (Bcl) in fine tuff (XPL), lo cal ity L1; F
– unabraded shape of basanite shards and non-vol ca nic ad mix ture of an gu lar to subangular quartz grains in coarse ash to fine lapilli tuff,
(XPL), lo cal ity L1



LIMESTONES OVERLYING THE VOLCANIC ROCKS

The vol ca nic rocks are cov ered by red dish and dark grey
organodetrital crinoidal lime stones 4–6 m thick (Fig. 9A) at all
lo cal i ties stud ied. In their low er most lev els coarse-grained
grainstones and grainstones/packstones oc cur (Fig. 9B–D).
Fine-grained packstones/wackestones dom i nate in the higher
parts of the crinoidal lime stone se quence. The crinoidal lime -
stones are fol lowed by dark grey well-bed ded cherty
fine-grained organodetrital lime stones (Fig. 3), both to gether
form ing the 45–60 m thick Osobitá Lime stone For ma tion
(Lefeld, 1968; Lefeld et al., 1985). The crinoidal lime stones con -
tain abun dant frag ments of cri noid, bi valve and brachi o pod
shells, bryozoa, fish bone frag ments, the hyaline foraminifer
Lenticulina sp., worm tubes, al gae and echinoid spines. Frag -
ments of bel em nite ros tra and coral (Fig. 9E) were also ob -
served. Spo rad i cally, intraclasts of organodetrital lime stones
iden ti cal to those which form the car bon ate microbreccia un der -
ly ing the vol ca nic rocks are pres ent (Fig. 9C). The intraclasts
are subangular, poorly sorted and con tain sponge spicules,
radio lar ians, echinoid spines, ostracods and calpionellids such
as Crassicollaria sp. and Calpionella alpina Lorenz. Rare clasts
of to tally pseudomorphed vol ca nic rock (Fig. 9F), min er als of
the spinel group, subangular to subrounded quartz grains
(Fig. 9C, D) and K-feld spar grains also oc cur.

The crinoidal lime stones in the lower part of the sec tions
stud ied con tain as so ci a tions of orbitolinid, meandrospiroid and
verneulid foraminifers (Fig. 10) such as Meandrospira favrei
(Charollais, Brönnimann and Zaninetti), Sabaudia minuta
Hofker, Montsalevia salevensis (Charollais, Brönnimann and
Zaninetti) determinating the Late Valanginian–Early
Hauterivian age of this low er most ho ri zon of the Osobitá Lime -
stone For ma tion. This as so ci a tion of foraminifers is ac com pa -
nied by Bolivinopsis ammovitrea (Tappan), Dorothia
praeoxycona Moullade, Pseudomarsonella cf. bipartita
Redmond, Belorusiella textilarioides (Reuss), Verneuilina cf.
pharaonica Said, Arenobulimina cf. corniculum Arnaud-
 Vanneau, Vercorsella scarsellai (De Cas tro), Siphovalvulina
sp., Patellovalvulina sp. and the rare plank tonic foraminifer
Hedbergella infracretacea (Glaessner).

At lo cal i ties L3 and L5 in the Bobrovecká Val ley, the sam -
ples L34N, L35N and L52N, L53N (Fig. 3) from higher lev els of
the crinoidal lime stone con tain orbitolinid foraminifers. The di -
ag nos tic em bry onic ap pa ra tus is not vis i ble but the ma te rial
strongly re sem bles Mesorbitolina texana (Roemer; Fig. 10G).
Con se quently, we de scribe this only as orbitolinid foraminifers
of the Palorbitolina–Mesorbitolina group of wider strati graphic
range. Orbitolinas of this group in di cate a Late Barremian up to
Early Albian age for these crinoidal lime stones.
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Fig. 8. Rocks of co her ent lavas – basanites

 A, B – basanite with elon gate amyg dales show ing pre ferred ori en ta tion, lo cal ity L6; C – idiomorphic com pletely pseudomorphed ol iv ine
(ar row) (XPL), D – amyg dales in hyalobasanite filled with car bon ate, while rims con sist of al bite and chlorite, (XPL)
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Fig. 9. Microfacies of lime stones over ly ing the vol ca nic rocks

A – crinoidal lime stone from the low er most part of the Osobitá Lime stone For ma tion, sam ple L16N; B – crinoidal packstone/grainstone,
(XPL), sam ple L22N; C – intraclast of organodetrital lime stone (ar rowed) with calpionellids in the crinoidal packstone/grainstone, (XPL),
sam ple L16N; D – subrounded quartz grain (ar rowed) in the crinoidal packstone/grainstone, (XPL), sam ple L16N; E – coral skel e ton in
crinoidal packstone, (XPL), sam ple L52N; F – frag ment of vol ca nic rock in crinoidal packstone/grainstone, sam ple L16N (XPL)

Fig. 10. Foraminifer as so ci a tion in the crinoidal lime stones im me di ately over ly ing the vol ca nic rocks

A – Sabaudia minuta Hofker, sam ple L17N; B, C – Montsalevia salevensis (Charo lais, Brönnimann and Zaninetti), sam ple L17N; D, E –
Meandrospira favrei (Charo lais, Brönnimann and Zaninetti), sam ple L17N; F – Bolivinopsis ammovitrea (Tappan), sam ple L22N; G –
orbitolinid foraminifer of the Palorbitolina–Mesorbitolina group, sam ple L34N; H – Verneuilina cf. pharaonica Said, sam ple L17N; I –
Belorusiella textilarioides (Reuss), sam ple L17N; J – Dorothia praeoxycona Moullade, sam ple L16N; K – Pseudomarsonella cf. bipartita
Redmond, sam ple L16N; L – plank tonic foraminifer Hedbergella infracretacea (Glaessner), sam ple L17N
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DISCUSSION

STRATIGRAPHIC POSITION OF THE ALKALINE VOLCANIC ROCKS

In the up per most part of the Sobótka Lime stone Mem ber thin 
tuffitic laminae be tween pale micritic lime stones and pink ish
crinoidal lime stones have been re ported (Kotañski and
Radwañski, 1959; Lefeld et al., 1985). The Tithonian age of the
Sobótka Lime stone Mem ber is based on aptychi (Gasiorowski,
1962), and the brachi o pod Pygope dyphia Buch (Kotañski and
Radwañski, 1959). These au thors also de scribed calpionellids
such as Calpionella alpina Lorenz and Calpionella elliptica
Cadisch which de ter mine that the strati graphic range of the
Sobótka Lime stone Mem ber is up to late Early–early Mid dle
Berriasian (ac cord ing to the calpionellid zonation of Reháková
and Michalík, 1997). Hence, the first phases of vol ca nism be gan
dur ing the lat est Tithonian–early Mid dle Berriasian (cf. Kotañski
and Radwañski, 1959; Staniszewska and Ciborowski, 2000).

A 10 m thick car bon ate microbreccia unit oc curs above the
Sobótka Lime stone Mem ber. The car bon ate microbreccia
com prises al most ex clu sively lime stone clasts iden ti cal to those 
which form the up per parts of the Raptawicka Turnia Lime stone 
For ma tion in the Pol ish part of the West ern Tatra Mts.
(Staniszewska and Ciborowski, 2000). Ac cord ing to our re -
search, the youn gest calpionellid iden ti fied in the oolitic and
micritic lime stone clasts is Calpionella elliptica Cadisch that cor -
re sponds with the Elliptica Subzone of the Calpionella Zone of
the late Early–early Mid dle Berriasian (calpionellid zonation of
Reháková and Michalík, 1997). How ever, the Sim plex Subzone 
of Calpionellopsis Zone of the late Mid dle–early Late Berriasian 
is doc u mented by very rare oc cur rences of ?Calpionellopsis cf.
sim plex (Colom) in the oolitic lime stone clasts (Staniszewska
and Ciborowski, 2000). Ac cord ingly, the car bon ate brec cia was
formed cer tainly af ter the late Mid dle-early Late Berriasian, thus 
the age of brec cia for ma tion is most likely Late Berriasian.

The vol ca nic rocks are over lain by the Osobitá Lime stone
For ma tion (Lefeld et al., 1985). The con tact of the Osobitá
Lime stone For ma tion with the vol ca nic rocks has been char ac -
ter ized as tec tonic (Lefeld, 1968; Lefeld et al., 1985); con se -
quently, the low est ho ri zons of this for ma tion are miss ing in
places. Lefeld (1968) com piled a com pos ite lithological pro file
of the Early Cre ta ceous of the autochthonous cover of the
High-Tatric Unit of the Osobitá peak area. In the low er most part
of the Osobitá Lime stone For ma tion he de scribed very thin
strata of dark grey pelitic globigerina-bear ing lime stones fol -
lowed by dark and red dish organodetrital crinoidal lime stones
well-ex posed in the old quarry in the Bobrovecká Val ley. He de -
scribed Palorbitolina lenticularis (Blumenbach) from these
crinoidal lime stones, de ter mine the Late Barremian–Early
Aptian age of the Osobitá Lime stone For ma tion. At our stud ied
lo cal i ties, the vol ca nic rocks are over lain by 4–6 m thick red dish
and dark grey organodetrital lime stones with abun dant cri noid
frag ments. The lower parts of the crinoidal lime stones con tain
foraminifers such as Meandrospira favrei (Charollais,
Brönnimann and Zaninetti), Sabaudia minuta Hofker and
Montsalevia salevensis (Charollais, Brönnimann and Zaninetti)
that sug gest an Late Valanginian–Early Hauterivian age. We
found orbitolinid foraminifers of the Palorbitolina–Mesorbitolina
group at higher lev els in the crinoidal lime stones at lo cal i ties L3
and L5 (Fig. 3). Orbitolinas of this group in di cate an Late
Barremian, pos si bly up to Early Albian, age for these lev els in
the crinoidal lime stones.

Sum ming up, the pre vi ously pub lished stud ies and our
biostratigraphic data from strata un der ly ing and over ly ing the

volcanics, point to a strati graphic range of vol ca nic ac tiv ity from
the lat est Tithonian to the ?Early Valanginian. Less in tense
phases of vol ca nism are re corded as thin tuffitic laminae in the
up per parts of the Tithonian to early Mid dle Berriasian Sobótka
Lime stone Mem ber and as frag ments of vol ca nic rock in the
car bon ate microbreccia. The main phase of vol ca nism took
place dur ing the Late Berriasian to the ?Early Valanginian. Sim -
i lar brec cia beds (the Walentowa Brec cia Mem ber of the Lysa
Lime stone For ma tion of Birkenmajer, 1977) are also known
within Early Cre ta ceous de pos its from sev eral places within the
Czorsztyn Suc ces sion of the Pieniny Klippen Belt (e.g.,
Wierzbowski and Remane, 1992). More re cently, min er al og i -
cally and geochemically sim i lar bas alts and tuffs (Oszczypko et
al., 2012) have been stud ied within Early Cre ta ceous strata of
the Veliky Kamenets sec tion in the east ern part of the Pieniny
Klippen Belt in the Ukrai nian Carpathians. The age of this vol ca -
nic event is very pre cisely lo cated in the Elliptica–Sim plex
Subzones of the Mid dle and early Late Berriasian (Reháková et
al., 2011). This could in di cate that the over ly ing Up per
Valanginian–Lower Hauterivian lime stones do not nec es sary
over lie the volcanics in strati graphi cal con ti nu ity, with a pos si ble 
strati graphi cal gap at the base of the Osobitá Lime stone For -
ma tion.

In the Cen tral West ern Carpathians there are sim i lar al ka -
line vol ca nic rocks (mostly basanites) known in Early Cre ta -
ceous strata from the Tatric and (mainly) from the Fatric Unit
(Hovorka and Spišiak, 1988 and ref er ences therein). Oc cur -
rences of small hyalobasanitic lava bod ies or volcaniclastic
units within prob a ble Aptian deep-ma rine strata of the Tatric
sed i men tary cover are known from the Malé Karpaty Mts.
(Mahe¾, 1986). Sev eral hyalobasanitic lava and volcaniclastic
units are de scribed from the Barremian–Lower Aptian de pos its
of the Nízke Tatry Mts. (Bujnovský et al., 1981). Basanite in tru -
sions and dykes in the Tatric base ment granitoid rocks have
also been re ported in this area (Hovorka et al., 1982; Spišiak et
al., 1991). The K/Ar age de ter mined for these dykes (Spišiak
and Balogh, 2002) is ap prox i mately 100 Ma (Albian).

Many small lava bod ies of ba salt/basanite type are known in 
the Fatric Unit within Lower Cre ta ceous strata (Zorkovský,
1949; Hovorka and Sýkora, 1979; Hovorka and Spišiak, 1988).
Oc cur rences of picrite veins in the Tri as sic car bon ates have
also been re ported (Spišiak and Hovorka, 2000). The age of
this vol ca nic ac tiv ity, based on biostratigraphic and geo chron ol -
ogi cal data is gen er ally Aptian to Early Albian (K/Ar iso to pic
ages 106 and 116 Ma, Bujnovský et al., 1981). Small ba salt ex -
po sures formed by hyalobasanitic lavas have also been de -
scribed within Lower Albian marly de pos its of the Drietoma or
Manín Unit (Kullmanová and Vozár, 1980).

Avail able biostratigraphic and geo chron ol ogi cal data in di -
cate that the Cre ta ceous al ka line vol ca nism in the Cen tral
West ern Carpathians area started dur ing the lat est Ju ras -
sic–ear li est Cre ta ceous (at ca.140 Ma) and cul mi nated dur ing
the Aptian and Early Albian (Hovorka and Spišiak, 1988, 1990;
Spišiak et al., 2011).

INFERRED VOLCANIC PROCESSES

As de scribed above, the first vol ca nic phases are re corded
as thin tuffitic laminae (Kotañski and Radwañski, 1959; Lefeld
et al., 1985) in ter ca lated within crinoidal and pale micritic lime -
stones of the Sobótka Lime stone Mem ber. The tuffitic laminae
com prise fine ash ma te rial clearly re lated to the over ly ing vol ca -
nic rocks (Kotañski and Radwañski, 1959). These au thors ex -
plained the or i gin of the tuffitic laminae by wind trans port of vol -
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ca nic ash. With re spect to the ma rine char ac ter of the host
strata, it can be in ferred that first phases of vol ca nic ac tiv ity rep -
re sented small sub aque ous ex plo sive erup tions pro duc ing fine
ash ma te rial which was de pos ited by sus pen sion fall out from
the wa ter col umn.

A sec ond ma jor vol ca nic phase is rep re sented by small
sub aque ous lavas as so ci ated with abun dant volcaniclastic de -
pos its (Kotañski and Radwañski, 1959; Hovorka and Spišiak,
1981, 1988). Only one ex po sure of a 25 m thick lava as so ci ated 
with volcaniclastics has been re ported on the east slope of
Osobitá peak (Kotañski and Radwañski, 1959). Un for tu nately,
dur ing our re search, this lo cal ity had been over grown by im pen -
e tra ble scrub pine veg e ta tion and so we were un able to ex am -
ine it. Kotañski and Radwañski (1959) also iden ti fied ropy lava
sur face fea tures to gether with welded pink ish crinoidal lime -
stone in de bris in the Suchá Val ley creek. These fea tures are
char ac ter is tic of sheet-like lava flows which are com mon in sub -
aque ous set tings (e.g., Batiza and White, 2000). Other ev i -
dence of sub aque ous lavas such as pil low and lobate lavas
have not yet been found in the area stud ied. We as sume that
the basanite lava was sourced via lin ear feeder dykes. The
com po si tion and zon ing of clinopyroxene min er als in the Cre ta -
ceous al ka line rocks of the West ern Carpathians sug gest sim i -
lar con di tions of their gen er a tion (approx. 23 kbar and 1260°C).
A very low magma vis cos ity and suit able geotectonic con di tions 
caused rapid magma as cent and its fur ther de vel op ment
(Spišiak and Hovorka, 1997). In creased phenocryst con tent is
also con sis tent with vis cous lava flow. Rel a tively abun dant
amyg dales in the lavas in di cate el e vated gas con tents. The
elon gated shape and var ied ori en ta tion of the amyg dales
(Fig. 8A, B) sug gest flow trans for ma tion dur ing cool ing. The
mar gins and tops of the flows were rap idly quenched and frag -
mented but flow cores re mained vis cous and cooled grad u ally.
High ef fu sion rates, ropy lava sur face fea tures to gether with
steeper slopes are char ac ter is tic of sheet-like lava flows (Batiza 
and White, 2000). Sheet-like lava flows are com monly as so ci -
ated with large vol umes of hyaloclastite (Batiza et al., 1984).

The volcaniclastic de pos its have been re garded as hyalo -
clastites based on shape, grain-size com po si tion and the char -
ac ter of the car bon ate ma trix (Hovorka and Spišiak, 1981,
1988). The hyaloclastites com prise glass-frag ment rocks, while 
the term has broad ap pli ca tion to any prod uct of magma-wa ter
in ter ac tion (e.g., Fisher and Schmincke, 1984). An other com -
mon us age of the term lim its hyaloclastite to glassy de bris
formed by es sen tially non-ex plo sive pro cesses re lated to rapid
aque ous cool ing of magma with lim ited or no trans port of frag -
ments (Batiza and White, 2000). Re cently, the term
hyaloclastite has been used for pri mary volcaniclastic de pos its
formed dur ing ef fu sive vol ca nism when ex trud ing magma or
flow ing lava is chilled and frag mented from con tact with wa ter
and frag ments are de pos ited only un der the in flu ence of the
con tin ued em place ment of lava (White and Hought on, 2006).
These types of hyaloclastite can be rec og nized at lo cal i ties L3
and L4 (Figs. 1 and 6A).

Hyaloclastites ob served at lo cal i ties L1 and L2 in the Suchá
Val ley (Široký Gully; Fig. 1) show ev i dent sed i men tary fea tures
(Fig. 6B), sug gest ing dif fer ent pro cesses of for ma tion, but the
poor ex po sure makes in ter pre ta tion dif fi cult.

One pos si bil ity is that these de pos its are the re sult of syn- or 
post-erup tion re mobi li sa tion and re work ing of autobrecciated
hyaloclastites at the front or top of flow mar gins (e.g., McPhie et
al., 1993). Hyaloclastite ma te rial is prone to re mobi li sa tion by
sea-bot tom cur rents or via grav ity-driven mass flows (Lons dale
and Batiza, 1980). Hovorka and Spišiak (1988) sug gested that

the pres ent dis tri bu tion of vol ca nic rocks re flects vol ca nic ac tiv -
ity at one cen tre (sit u ated close to the ex po sure de scribed by
Kotañski and Radwañski, 1959), the prod ucts of vol ca nic ac tiv -
ity then be ing re worked and trans ported across dif fer ent dis -
tances by slump ing and slid ing.

An other pos si bil ity is that these de pos its are a re sult of sub -
aque ous erup tion-fed den sity cur rents (White, 2000). Dis tinc -
tion of an cient sub aque ous erup tion-fed den sity cur rent de pos -
its from those re sult ing from en tirely post-erup tive re dis tri bu tion
of par ti cles by tur bid ity cur rents or other mass flows is dif fi cult.
Nev er the less, the unabraded mar gins of vol ca nic par ti cles, high 
glass con tent, mod er ate to high vesicularity of basanite clasts
sug gest lava-fed den sity cur rents (White, 2000) as more prob a -
ble than post-erup tion re work ing of in-situ hyaloclastites. Mi nor
ad mix ture of ac ci den tal (lithic) rock frag ments also sup ports this 
in ter pre ta tion. Trans port and depositional pro cesses of lava-fed 
den sity cur rents are con trolled di rectly by the na ture of the erup -
tion and its in ter ac tion with the sur round ing wa ter. The mod er -
ate to high vesicularity of the basanite stud ied in di cates in -
creased gas con tent in the magma. In creased gas con tent in
magma is a pre dic tor of ex plo sive vol ca nic ac tiv ity in sub aque -
ous set tings, but if the bub bles are uni formly dis trib uted in the
magma, a ve sic u lar magma may be erupted ef fu sively. This
leads to gas exsolution and the for ma tion of ve sic u lar lava flows 
(Head and Wil son, 2003). Frag men ta tion along sur faces of
flow ing lava may re sult in de vel op ment of a hyaloclastite car a -
pace (White, 2000). Frag ments are formed at the sur face of ad -
vanc ing lava flows by dy namic ther mal shock, vesiculation from
gas ex pan sion or mi nor steam explosivity (Batiza et al., 1984),
but a pri mary mech a nism for the for ma tion of hyaloclastite at
any wa ter depth is cool ing-con trac tion gran u la tion (Kokelaar,
1986). En train ment of frag ments into den sity cur rents is aided
by heat ing of the sur round ing wa ter along the flow mar gins,
which gen er ates con vect ing steam and heated wa ter which
pro duces sig nif i cant ris ing cur rents above ad vanc ing sub aque -
ous lava flows. Finer par ti cles are in ferred to ac cu mu late in sus -
pen sion to feed ini tially ver ti cal, low-en ergy, den sity cur rents
which sub se quently move downslope along the seafloor. The
coars est en trained par ti cles may set tle in di vid u ally to form re -
stricted fall de pos its (White, 2000).

PALAEOENVIRONMENT

The Cen tral West ern Carpathians realm is char ac ter ized by
gen er ally uni form pe lagic sed i men ta tion (Plašienka, 1999; pe -
lagic micritic lime stones of the “Neocomian Fa cies”; e.g.,
Michalík and Vašíèek, 1989; Michalík, 1995) dur ing the Late Ju -
ras sic–Early Cre ta ceous. Dur ing this time in ter val, an
extensional tec tonic re gime with sev eral pre-orogenic rift ing
phases that gen er ated sub sid ing basinal do mains sep a rated by 
sub ma rine and/or subaerial highs pre vailed in the West ern
Carpathian realm (e.g., Michalík et al., 1996; Michalík and
Soták, 1990; Plašienka, 2003; Jurewicz, 2005). These rift ing
events are re con structed in di rectly from the sed i men tary suc -
ces sions in the West ern Carpathians and are the re sult of the
break-up of the South Penninic–Vahic Ocean in the late Mid dle
Ju ras sic and as the re sult of the break-up of the North
Penninic–Magura Ocean in the Early Cre ta ceous. The ab sence 
of rift-re lated vol ca nism and the per sis tence of an extensional
tec tonic re gime for many mil lions of years in di cate a pas sive rift -
ing mode gen er ated by ten sile deviatoric stresses within the
litho sphere (Plašienka, 2003).

The strata stud ied were de pos ited in ar eas with an ir reg u lar
sub ma rine seafloor re lated to pe lagic swells or sub ma rine
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ridges most prob a bly bor dered by deep-rooted extensional nor -
mal faults as in ferred by Mišík (1974). The ir reg u lar to pog ra phy
is doc u mented by car bon ate scarp brec cias (Staniszewska and 
Ciborowski, 2000).

Car bon ate brec cia lay ers in di cate re ju ve na tion of the ba sin
floor by synsedimentary tec ton ics dur ing the Early Cre ta ceous.
The mixed com po si tion of the re de pos ited lime stone clasts re -
flects sig nif i cant to pog ra phy. Scat tered siliciclastic de tri tus con -
tain ing rounded quartz and feld spar grains and rare clays were
most likely re cy cled from older Tri as sic–Ju ras sic units in the
autochthonous cover of the High-Tatric Unit, per haps even
from the crys tal line core of the Tatra Mts.

The pres ence of the oolitic lime stone fa cies sug gest an ac -
tive shal low-ma rine en vi ron ment. For in stance, a sim i lar lime -
stone fa cies with ooids, peloids, bioclasts and intraclasts of ooid 
grainstone is known from Pa cific guyots, where it forms thick
units as so ci ated with ba salt bod ies (e.g., Jenkyns and Strasser, 
1995; Jenkyns and Wil son, 1999). The clasts of oolitic lime -
stone may have been de rived from the high est part of the pe -
lagic swell or an iso lated plat form.

Car bon ate brec cias were de pos ited most prob a bly along
nor mal faults as base-of-slope de bris-apron de pos its. Sim i lar
lime stone brec cia bod ies (the Nozdrovice brec cia beds; Borza
et al., 1980) in ter ca lated within Lower Cre ta ceous pe lagic
basinal strata are known from sev eral places from the Fatric
Unit of the Cen tral West ern Carpathians. The Nozdrovice brec -
cia beds have been in ter preted in terms of ta lus de bris ac cu mu -
la tion along ac tive sub ma rine fault slopes con nected with sub -
ma rine el e va tions (Michalík and Reháková, 1995). Equally, al -
ter na tion of crinoidal lime stone with pale micritic lime stone ac -
com pa nied by thin tuffitic laminae sug gest an allodapic char ac -
ter of the Sobótka Lime stone Mem ber (cf. Staniszewska and
Ciborowski, 2000). Cri noid de bris and de tri tal ma te rial was in -
ter mit tently dis charged by sed i ment grav ity flows from swell
mar gins into a deeper en vi ron ment, where it was interbedded
with pe lagic micritic lime stones.

All these de pos its and as so ci ated ba sic volcanics may be
re lated to the Berriasian–Hauterivian Walentowa Phase
(Plašienka, 2003), which marks fur ther fore land-ward mi gra tion
of rift ing, in ter preted to re cord the break-up of the Magura
Ocean.

Rec og nized biocalcirudites and biocalcarenites of Early
Cre ta ceous age in the High-Tatric Unit were re garded as
Urgonian-type sed i ments (Passendorfer, 1922; Lefeld, 1968).
The Urgonian-type sed i ments are a char ac ter is tic shal low-wa -
ter car bon ate-plat form fa cies that ac cu mu lated along the
Tethys north ern shelf gen er ally from the Barremian to the Late
Albian (e.g., Michalík, 1994; Bernaus et al., 2003; Godet et al.,
2010). These Urgonian-type sed i ments in the High-Tatric Unit
are known as the Wysoka Turnia Lime stone For ma tion (Lefeld
et al., 1985). The Wysoka Turnia Lime stone For ma tion is re -
placed in the Osobitá peak area by well-bed ded dark grey lime -
stones with brown ish cherts of the Osobitá Lime stone For ma -
tion, which has been de scribed as a dis tal fa cies of the
High-Tatric Urgonian (Lefeld, 1968; Lefeld et al., 1985). The
base of the Osobitá Lime stone For ma tion is com posed of de tri -
tal crinoidal lime stones which are char ac ter ized by al ter na tions
of grainstones with packstones. They com prise frag ments of
shal low-wa ter or gan isms such as rare cor als, orbitolinas,
brachi o pods and bi valves and abun dant cri noid frag ments.
Sev eral gradational sed i men tary cy cles have been rec og nized
in these de tri tal crinoidal lime stones (Lefeld, 1968). These fea -
tures in di cate an allodapic char ac ter of sed i ments which were
gen er ated by tur bid ity cur rents or by other sed i ment grav ity

flows at the slope of the Urgonian car bon ate plat form (cf.
Michalík and Soták, 1990).

De vel op ment of the Urgonian car bon ate plat forms was
prob a bly caused by a tem po rary low er ing of bathymetry by sev -
eral hun dred metres. In ad di tion to the eustatic sea level drop,
dif fer en tial up lift was re lated to an extensional tec tonic re gime
dem on strated by re ac ti va tion of nor mal faults, horst for ma tion
and extensional block tilt ing (Michalík and Soták, 1990;
Michalík, 1994). Up lift and sub mer gence of the Urgonian plat -
form of the High-Tatric Unit oc curred at dif fer ent times in dif fer -
ent places (Masse and Uchman, 1997). The Early Cre ta ceous
al ka line vol ca nic ac tiv ity partly co in cides with de vel op ment of
the Urgonian car bon ate plat forms in the West ern Carpathians
(Spišiak et al., 2011). Ac cord ing to our microfacies and
biostratigraphic in ves ti ga tions, sub ma rine plat forms or shal -
low-wa ter swells sim i lar to the Urgonian car bon ate plat form ex -
isted or be gan to de velop dur ing the Late Valanginian–Early
Hauterivian in this zone of Tatric realm.

Ac cord ingly, the sed i men tary re cord of un der- and over ly ing 
car bon ate rocks sug gest redeposition of shal low-wa ter fa cies
(e.g., clasts of ooidal lime stone in the car bon ate brec cia or coral 
frag ments in the Osobitá Lime stone For ma tion) into a deeper
depositional en vi ron ment. The shal low-wa ter fa cies pass lat er -
ally into pe lagic de pos its of the same age, but un am big u ous in -
di ca tors of palaeodepth of sub aque ous vol ca nism have not
been pre vi ously de scribed. The ab sence of di rect
sedimentological or eco log i cal depth cri te ria causes the in ter -
pre ta tion to be poorly con strained and es ti ma tion of the
paleodepth of these resedimented de pos its is prob lem atic.

If the na ture of vol ca nic ac tiv ity is taken into con sid er ation,
the depth of mag matic explosivity de pends largely on magma
com po si tion and ju ve nile vol a tile con tent (Kokelaar, 1986). A
com mon as sump tion about sub aque ous vol ca nic erup tions is
that if the pres sure of the over ly ing wa ter is suf fi cient to sup -
press ju ve nile gas exsolution than mag matic dis rup tion and
pyroclastic ac tiv ity does not oc cur, this be ing con fined to shal -
low depths (Batiza and White, 2000). This is re ferred to as vol a -
tile frag men ta tion depth (Fisher and Schmincke, 1984). This
depth is gen er ally rec og nized to be about 200 up to 1000 m for
al ka line mag mas (Kokelaar, 1986). How ever, cer tain cir cum -
stances (e.g., high con tent of CO2 in al ka line ba saltic mag mas)
can lead to magma dis rup tion and ex plo sive ac tiv ity at great
wa ter depths (Head and Wil son, 2003).

GEODYNAMIC REMARKS

The gen eral frame work of the Me so zoic mafic al ka line vol -
ca nism in Cen tral Eu rope and the geodynamic back ground of
the Early Cre ta ceous al ka line vol ca nism in the West ern
Carpathians have been dis cussed and re viewed in the pa per by 
Spišiak et al. (2011).

Suites of al kali bas alts and their dif fer en ti ates (basanites,
nephelinites) are com monly found in intra-plate (Wil son, 2007)
anorogenic tec tonic enviroments (Wil son and Downes, 1991;
Bailey and Wooley, 1999). They are com monly re lated to
extensional tec tonic re gimes and oc cur in both oce anic and
con ti nen tal ar eas, but their pres ence be comes in creas ingly im -
por tant in ar eas with con ti nen tal litho sphere. A pos si ble source
for the Cre ta ceous and Ce no zoic al ka line ba saltic vol ca nism in
the West ern and Cen tral Eu rope is an ex ten sive sheet-like sub -
con ti nen tal man tle res er voir des ig nated as the Com mon Man tle 
Res er voir (see Lustrino and Wil son, 2007). These au thors also
sum ma rized pub lished opin ions and con cep tual mod els that at -
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tempt to ex plain the or i gin of Ce no zoic bas alts in the
circum-Med i ter ra nean area. Sug ges tions range from the deep
man tle plume hy poth e sis, through “thin spot”, “man tle fin gers”,
plume chan nel ing, pas sive rift ing and man tle upwelling mod els, 
up to man tle lithospheric de com pres sion melt ing due to
lithospheric stretch ing. The same ap plies to the Cre ta ceous al -
kali bas alts around Eu rope. All mod els are based on vari a tions
of ris ing man tle plume ma te rial as a source for the Cre ta ceous
al ka line ba saltic vol ca nism, but do not take into con sid er ation
the tec tonic style of rift ing that gov erned the open ing of sev eral
oce anic realms of the Al pine Tethys (Penninicum) (see dis cus -
sion by Spišiak et al., 2011 and ref er ences therein).

The geo log i cal re cord from the Al pine-Carpathian orogen
in di cates a pas sive, vol ca nic-poor rift ing mode dur ing the Ju -
ras sic and Early Cre ta ceous. Rift ing and con ti nen tal breakup
were con se quences of ten sional stresses in the litho sphere lo -
cated in the fore land of the de vel oped orogenic wedge (e.g.,
Michalík et al., 1996; Plašienka, 1999, 2003; Froitzheim et al.,
2008). Al ka line ba saltic vol ca nism oc curred on pas sive con ti -
nen tal mar gins of the Penninic rifts, be ing gen er ated by low-de -
gree par tial melt ing of the sub-con ti nen tal man tle litho sphere on 
the pe riph ery of asthenospheric upwelling con fined to
slow-spread ing ridges of the Al pine Tethys. The magma as cent 
and pierc ing of the over ly ing litho sphere was en hanced by the
gen eral extensional tec tonic re gime and con sid er able
lithospheric thin ning as a re sult of pre ced ing and co eval rift ing
events. Al ka line vol ca nism gen er ally post dated the main rift ing,
hence it ap pears to be a prod uct, and not the cause, of rift ing
(Spišiak et al., 2011). Ac cord ingly, these au thors sup port a
non-plume or i gin for the Cre ta ceous al ka line vol ca nism in the
Al pine-Carpathian-Pannonian realm.

CONCLUSIONS

Five com pos ite lithological sec tions across up per most Ju -
ras sic–low er most Cre ta ceous car bon ate strata sandwiching
vol ca nic rocks have been stud ied. (1) Car bon ate microbreccia
that con sists al most ex clu sively of lime stone clasts con tain ing
calpionellids oc curs im me di ately be low the vol ca nic rocks. The
youn gest iden ti fied calpionellid in the lime stone clasts is
Calpionella elliptica Cadisch, which cor re sponds to the Elliptica
Subzone of the Calpionella Zone of the late Early–early Mid dle
Berriasian. (2) Car bon ate microbreccia lay ers in di cate dis tinct
re ju ve na tion of the ba sin floor by synsedimentary tec ton ics dur -
ing the Early Cre ta ceous. Car bon ate microbreccia orig i nated
most prob a bly along nor mal faults as base-of-slope de -
bris-apron de pos its. The mixed com po si tion of the re de pos ited

lime stone clasts in the car bon ate microbreccia point to the ex is -
tence of sig nif i cant to pog ra phy dif fer ences with shal low-wa ter
swells or sub ma rine ridges. (3) Vol ca nic rocks are over lain by
thin strata of dark grey and red dish crinoidal lime stones that
form the base of the Osobitá Lime stone For ma tion. The low er -
most lev els of these crinoidal lime stones are char ac ter ized by
al ter na tions of grainstone and packstone bear ing newly de -
scribed foraminifers such as Meandrospira favrei (Charollais,
Brönnimann and Zaninetti), Sabaudia minuta Hofker and
Montsalevia salevensis (Charollais, Brönnimann and Zaninetti)
which in di cate an Late Valanginian–Early Hauterivian age for
these lev els. Higher lev els of crinoidal lime stone con sist of
packstone/wackstone with orbitolinid foraminifers of the
Palorbitolina–Mesorbitolina group, that sug gest a wider strati -
graphic range from the Late Barremian up to an Early Albian
age. (4) Our new and pre vi ously pub lished biostratigraphic data 
from un der ly ing and over ly ing beds sandwiching the vol ca nic
rocks in di cate a strati graphic range for the vol ca nic ac tiv ity from
the lat est Tithonian to the ?Early Valanginian. The first mi nor
phases of vol ca nism are re corded as thin tuffitic laminae within
the up per parts of the Tithonian–early Mid dle Berriasian
Sobótka Lime stone Mem ber (Kotañski and Radwañski, 1959;
Lefeld et al., 1985) and also as vol ca nic frag ments in car bon ate
microbreccias which im me di ately un der lie the vol ca nic rocks.
The ma jor phase(s) of vol ca nism took place af ter the Mid dle
Berriasian (cf. Staniszewska and Ciborowski, 2000) dur ing the
Late Berriasian to the ?Early Valanginian. This is re corded by
small parts of sub aque ous lavas as so ci ated with abun dant
volcaniclastic de pos its (cf. Kotañski and Radwañski, 1959;
Hovorka and Spišiak, 1981, 1988). (5) Tex tural and sed i men -
tary fea tures of the volcaniclastic rocks sug gest or i gin via ei ther
syn- or post-erup tion re work ing and resedimentation or lava-fed 
erup tion den sity cur rents. Tak ing into ac count the unabraded
mar gins of the vol ca nic par ti cles, the high glass con tent, mod er -
ate to high vesicularity of the basanite clasts and a mi nor ad mix -
ture of ac ci den tal (lithic) rock frag ments we sug gest lava-fed
den sity cur rents as more likely.
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