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Ab stract: In the Kopka sec tion (Dol ina Koœcieliska val ley, West ern Tatra Moun tains), the up per part of the
Koœcieliska Marl For ma tion con sists of biomicrites with marly interbeds. These de pos its, 76 m thick, are as signed
to the Praehedbergella excelsa and Leupoldina cabri zones, of Aptian age. The taxa iden ti fied be long mainly to the 
gen era Praehedbergella Gorbachik and Moullade, 1973, Globigerinelloides Cushman and Ten Dam, 1948
(emended by Longoria 1974 and Verga and Premoli Silva, 2003a) and Gorbachikella Ban ner and Desai, 1988.
Nine teen Nannoconus taxa were iden ti fied dur ing an SEM study of 34 sam ples. The oc cur rence of N. vocontiensis
in the higher part of the sec tion al lows the nannoconid as sem blages in the up per part of the sec tion to be
dis tin guished from those in the lower part. Four Nannoconus as sem blages were rec og nized in these lime stones: (1) 
Nannoconus bucheri-N. steinmannii, (2) N. truitti frequens, (3) N. vocontiensis and (4) N. aff. regularis. The
wide-ca nal Nannoconus spec i mens are more fre quent than the nar row-ca nal ones in the lime stones of ear li est
Aptian age (Praehedbergella excelsa Zone), but the wide-ca nal forms pre dom i nate con sis tently in the up per part of 
the sec tion, still within the L. cabri Zone.
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IN TRO DUC TION

Aptian nannoconid as sem blages have not been the sub -
ject of de tailed stud ies, not only in the Tatra Moun tains (Fig
1A), but also across the en tire Fatric Zliechov Ba sin. In the
Pieniny Klippen Belt, the oc cur rence of nannoconids was
taken into con sid er ation only at the Rochovica sec tion (Há-
lasová in: Michalík et al., 2008). In the West ern Tatra
Mountains, Up per Barremian–Aptian lime stones oc cur in
the Koœcieliska Marl For ma tion (Pszczó³kowski, 2003);
these lime stones con sti tute a char ac ter is tic in ter val of cal -
car e ous de po si tion in the up per part of this lithostratigraphi- 
cal unit. The aim of the pres ent pa per is to doc u ment a suc -
ces sion of Aptian nannoconid as sem blages in the frame -
work of plank tonic foraminiferal biostratigraphy.

PRE VI OUS RE SEARCH

The out crops of the lime stones stud ied are lo cated in an
un named gully, in for mally named the “Kopka gully” (Do-
lina Koœcieliska val ley, West ern Tatra Moun tains – Fig. 1B).
They were shown on a geo log i cal map at a scale of 1 : 10000
(A2 Hruby Regiel sheet – Guzik et al., 1958), as bands sep a -
rated by marls, which are not ex posed. Ac cord ing to K.

Guzik (in: Guzik et al., 1958), the lime stone beds are dip ping
to the north-east (47–50°) and con tinue south-eastwards to -
wards the Koœcieliski Potok stream. Lefeld (in: Lefeld et al.,
1985) as signed the lime stones and marls to the Koœcieliska
Marl For ma tion. The type sec tion of this for ma tion was in di -
cated on the “west ern and, partly east ern slopes of the Koœcie-
liska Val ley” (Lefeld in: Lefeld et al., 1985, p. 77). Ac cord ing
to this au thor, the youn gest lithological units of the for ma tion
are ?Early Aptian in age and oc cur above the Muráò Lime -
stone Mem ber in the Belianske Tatra Moun tains (Slovakia).

Kêdzierski and Uchman (1997) con cluded that the na-
nnoplankton as sem blage oc cur ring in the Koœcieliska Marl
For ma tion is typ i cal of the Tethyan realm and con tains the
Valanginian through early Aptian nannofossils. Their sam -
ple KS8 (Up per Berriasian–Lower Aptian) prob a bly was
col lected from the strata ex posed in the Kopka gully; sam -
ples KS9–KS17 may also be cor re la tive to the Kopka sec -
tion. The fol low ing Nannoconus taxa have been iden ti fied
in the sam ples men tioned above: N. bermudezii, N. colomii,
N. globulus, N. minutus, N. steinmannii and Nannoconus sp. 
(Kêdzierski and Uchman, 1997).

Seven nannoconid as sem blages have been rec og nized
in the Koœcieliska Marl For ma tion (Pszczó³kowski, 2001).



Two of them (as sem blages 6 and 7) oc cur in the Up per
Barremian–Aptian strata ex posed in the Polana Kryta and
Kira Miêtusia sec tions. Pszczó³kowski (2003) as signed the
nannoconid-foraminiferal lime stones (two in for mal units),
oc cur ring be tween the Polana Kopka glade and the Koœcie-
liski Potok stream, to the Barremian–Lower Aptian. A pre -
lim i nary in ves ti ga tion of the nannoconid as sem blage reve-
aled the pres ence of var i ous taxa. How ever, a de tailed study
of these nannofossils was not per formed at that time for the
en tire sec tion.

GEO LOG I CAL SET TING AND LO CA TION 
OF THE STUD IED SEC TION

The Koœcieliska Marl For ma tion ter mi nates the Lower
Sub-Tatric Suc ces sion in the West ern Tatra Moun tains
(Lefeld, in Lefeld et al., 1985). Its age was de fined as lat est
Berriasian–?Early Aptian (Lefeld, in Lefeld et al., 1985), on 
the ba sis of ammonites and calpionellids (Vigiliev, 1914;
Lefeld, 1974). Ac cord ing to Kêdzierski and Uchman (1997),
the for ma tion con tains Valanginian through early Aptian

nannofossils. How ever, one sam ple (KS28) yielded cal car e -
ous nannoplankton from the Aptian-Albian bound ary. Cal-
pionellids and plank tonic foraminifers (iden ti fied in thin
sec tions) doc u ment the Mid dle Berriasian to Early Aptian
age of the Koœcieliska Marl For ma tion (Pszczó³kowski,
2003). The Aptian Leupoldina cabri Zone was found to rep -
re sent the youn gest foraminiferal biozone rec og nized in the
Koœcieliska Marl For ma tion in the West ern Tatra Moun -
tains (Pszczó³kowski, 2003).

The pres ent con tri bu tion fo cuses on the nannoconid-fo-
raminiferal lime stones, oc cur ring in the up per part of the
Koœcieliska Marl For ma tion (Pszczó³kowski, 2003). The sec -
tion stud ied is lo cated on the west ern slope of the Dol ina
Koœcieliska val ley, 180 m south of the Brama Kantaka (Fig.
1B). The main part of the sec tion (seg ment 1 – Fig. 1B) is ex -
posed in the un named gully, for the pur poses of the pres ent
con tri bu tion in for mally named the “Kopka gully”, sit u ated
be tween the Koœcieliski Potok stream and the Polana Kopka 
glade (Fig. 2A). The strata ex posed in the gully, to gether
with the lime stones oc cur ring close to the Koœcieliski Potok
(seg ments 1–3 in Fig. 1B) are des ig nated the “Kopka sec -
tion”. Sam ples KA-1 through KA-40 were col lected in the
Kopka gully (seg ment 1), whereas sam ples KA-41 to KA-
45 come from the klippe above the Koœcieliski Potok (seg -
ment 2 – Figs 1B, 2B). The top most part of the Kopka sec -
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Fig. 1. Lo ca tion of study area. A. Lo ca tion of the Tatra Moun -
tains in south ern Po land. B. Map of the study area in the Koœcie-
liska Val ley (West ern Tatra Moun tains), af ter Guzik and Soko-
³owski (in: Guzik et al., 1958) and Pszczó³kowski (2003): oK1b –
Osnica For ma tion (Berriasian); mkK1 – Koœcieliska Marl For ma -
tion (Berriasian–Aptian); J1 – Lower Ju ras sic lime stones of the
Choè Nappe; E – Eocene con glom er ates; Q – flu vial de pos its (Ho -
lo cene, mainly). En cir cled num bers: 1 – Aptian lime stones of the
Koœcieliska Marl For ma tion ex posed in the gully lo cated be low
the Polana Kopka glade on the left (west ern) bank of the Koœcie-
liski Potok stream; 2 – Aptian lime stones, ex posed in the klippe
close to the Koœcieliski Potok stream; 3 – an out crop of the Aptian
lime stone sit u ated on the right (east) bank of the Koœcieliski Potok
stream. Barbed lines de note tec tonic bound aries (overthrusts).

Fig. 2. Ex po sures of the strata stud ied. A. The Aptian lime -
stones of the Koœcieliska Marl For ma tion ex posed in the gully lo -
cated be low the Polana Kopka glade on the left (west ern) bank of
the Koœcieliski Potok stream. B. The Aptian lime stones of the
Koœcieliska Marl For ma tion ex posed in the klippe (2 in Fig. 1B).



tion (sam ples KA-46 and KA-47) oc curs on the east ern
bank of the Koœcieliski Potok (seg ment 3 – Fig. 1B).

DE SCRIP TION OF THE KOPKA SEC TION

The to tal thick ness of the strata oc cur ring in the Kopka
sec tion is 76 m. The lime stones dip to the north-east (30–
50°); the old est strata are ex posed in the west ern part of the
gully, be low the Polana Kopka glade, whereas the youn gest
beds oc cur downslope, close to the Koœcieliski Potok (Fig.
1B). A good out crop of the de pos its stud ied is lo cated in the
klippe. The top beds oc cur on the east ern bank of the Koœ-
cieliski Potok (seg ment 3 in Fig. 1B). The lime stones are
not ex posed con tin u ously; the out crops are sep a rated by
gaps that prob a bly are un der lain by shaly marls. The larg est
gap oc curs in the up per part of the sec tion, be tween seg -
ments 1 and 2 (Fig. 1B). Fifty sam ples have been col lected
from the whole sec tion.

The nannoconid-foraminiferal lime stones are thin-bed -
ded to thick-bed ded, yel low-brown ish in col our on weath -
ered sur faces. On fresh sur faces, the lime stones (about 88%
of the sam ples stud ied) are grey ish ol ive (10 Y 4/2) or ol ive
grey (5 Y 3/2 and 5 Y 4/1), ac cord ing to the chart of God-
dard et al. (1975). Only sam ple KA-1 is ol ive black (5 Y
2/1), whereas sam ple KA-10 is dusky yel low ish brown (10
YR 2/2). The lime stones are mainly biomicrites, lo cally
with zoospores of Globochaete alpina (foraminiferal-glo-
bochaete microfacies) and bioclasts of Echinodermata,
mainly cri noids. Ben thic foraminifers are in fre quent in the
stud ied sam ples. In some beds, bioclasts and intraclasts are
com mon to abun dant. The lime stones are com monly spot -
ted, be cause of bur row ing ac tiv ity (Fig. 3A, C; see also
Uchman, 1997 and Kêdzierski and Uchman, 1997, fig. 5B).
Lam i na tion is pre served in a few beds, only (Fig. 3B).
Ammonites are very rare in the lime stones in ves ti gated
(Pszczó³kowski, 2003). Ju ve nile (un coiled) ammonites oc -
cur some times in thin sec tions (Fig. 4A, B). In gen eral, am-
monites, al though pres ent in scree ma te rial of the Koœcie-

liska Marl For ma tion (Vigiliev, 1914; Lefeld, 1974), so far
could not be used ef fec tively in the biostratigraphical sub di -
vi sion of this unit, mainly be cause of only rare oc cur rences
of them in the ex posed lime stone beds.

PLANK TONIC FORAMINIFERAL
BIOSTRATIGRAPHY

New data on the plank tonic foraminifera iden ti fied in
thin sec tions in di cate that the en tire sec tion is Aptian in age
(Figs 5, 6). However, the zonal as sig na tion of sam ples
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Fig. 3. Pol ished frag ments of se lected Aptian lime stone sam ples from the Kopka sec tion in the Dol ina Koœcieliska val ley (West ern
Tatra Moun tains). Rock colours af ter Goddard et al. (1975). A. Sam ple KA-6, bur rowed lime stone (col our: ol ive grey – 5 Y 3/2). B. Sam -
ple KA-18, lime stone with lam i na tion pre served (col our: ol ive grey – 5 Y 4/1). C. Sam ple KA-46, bur rowed lime stone (col our: ol ive grey
– 5 Y 3/2).

Fig. 4. Ju ve nile heteromorph ammonites (Ancyloceratina
Wiedmann, 1966, emended Vermeulen, 2005) found in thin sec -
tions. A. Spec i men from thin sec tion (sam ple) KA-3. B. Spec i men
from thin sec tion (sam ple) KA-24.



KA-1 and KA-2 is not clear; their foraminiferal as sem blage
con sists of the fol low ing taxa (Fig. 5): Praehedbergella
sigali (Moullade, 1966) – Fig. 7A, P. semielongata (Lon-
goria, 1974) (Fig. 7D), P. aptiana (Bartenstein, 1965) (Fig.
7J, K), P. cf. eocretacea (Neagu, 1975), Praehedbergella

sp. and Favusella hoterivica (Subbotina, 1953) (Fig. 8G).
Lack of Praehedbergella excelsa (Longoria, 1974) and
Globigerinelloides blowi (Bolli, 1959) in di cates that this as -
sem blage may rep re sent an older zone, that is, the G. aptien- 
sis Zone in the scheme of Coccioni et al. (2007). How ever,
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Fig. 5. Dis tri bu tion of plank tonic foraminiferal taxa iden ti fied in thin sec tions from sam ples col lected in the Kopka sec tion (up per part
of the Koœcieliska Marl For ma tion), Dol ina Koœcieliska val ley, West ern Tatra Moun tains.

Fig. 6. Strati graphi cal range of the lime stones, ex posed in the Kopka sec tion (up per part of the Koœcieliska Marl For ma tion). U. – Up per.
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Fig. 7. Plank tonic foraminifera (Praehedbergella spp.) from the Lower Aptian lime stones ex posed in the Kopka sec tion (Dol ina
Koœcieliska val ley, West ern Tatra Moun tains). A. Praehedbergella sigali (Moullade, 1966), ax ial sec tion, sam ple KA-2. B. Praehe-
dbergella excelsa (Longoria, 1974), ax ial sec tion, sam ple KA-5A. C. Praehedbergella occulta (Longoria, 1974), ax ial sec tion, sam ple
KA-10. D, I. Praehedbergella semielongata (Longoria, 1974), sam ples: KA-2 (D) and KA-4 (I). E. Praehedbergella praetrocoidea
(Kretchmar and Gorbachik, 1986, in: Gorbachik, 1986), ax ial sec tion, sam ple KA-24. F. Praehedbergella sp. cf. P. praetrocoidea
(Kretchmar and Gorbachik), ax ial sec tion, sam ple KA-5. G. Praehedbergella sp. cf. P. rudis (Ban ner, Copestake and White, 1993), ax ial
sec tion, sam ple KA-10. H. Praehedbergella gorbachikae (Longoria, 1974), trans verse sec tion, sam ple KA-16. J, K. Praehedbergella
aptiana (Bartenstein, 1965), trans verse sec tions, sam ple KA-2. L. Praehedbergella cf. tuschepsensis (Antonova, 1964), trans verse sec -
tion, sam ple KA-43.



the spe cies Globigerinelloides aptiensis was not ob served
in sam ples (thin sec tions) KA-1 and 2. There fore, the cor re -
spond ing lime stone beds in the basal part of the sec tion can -
not be as signed to any ex ist ing foraminiferal zone. These
beds are pro vi sion ally in cluded in the low er most Aptian
strata (Fig. 6).

The over ly ing lime stones, from sam ple KA-3 up to
sam ples KA-46/47 at the top of the sec tion, are cor re lated
with the P. excelsa and Leupoldina cabri zones (Figs 5, 6).

The in dex taxon for the for mer zone – P. excelsa (Fig. 7B) –
was reg is tered in sam ples KA-5 and KA-6 (Fig. 5); P.
semielongata (Fig. 7I) is also pres ent in this zone. The
boundary of the P. excelsa and L. cabri zones is shown be -
low sam ple KA-8, but there is a gap in the sec tion, which
does not per mit pre cise in di ca tion of this zonal bound ary
(Fig. 5). New data al lowed the au thor to as sign the up per
part of the sec tion (be tween sam ples KA-8 and KA-46/47)
to the L. cabri Zone. This part of the sec tion was pre vi ously
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Fig. 8. Hedbergella, Leupoldina, Pseudoloeblichella?, Favusella and Gorbachikella from the Aptian lime stones ex posed in the Kopka
sec tion (Dol ina Koœcieliska val ley, West ern Tatra Moun tains). A. Hedbergella cf. rhi noc eros Coccioni and Cocon, 1988, trans verse sec -
tion, sam ple KA-14. B, C. Leupoldina pustulans (Bolli, 1957), sam ples: KA-5 (B) and KA-42 (C). D. Leupoldina cabri (Sigal, 1952),
trans verse sec tion, sam ple KA-23. E. Leupoldina sp., ax ial sec tion, sam ple KA-5A. F. Pseudoloeblichella? convexa (Longoria, 1974), ax -
ial sec tion, sam ple KA-46. G. Favusella hoterivica (Subbotina, 1953), ax ial sec tion, sam ple KA-2. H. Gorbachikella cf. kugleri (Bolli,
1959), oblique sec tion, sam ple KA-46.
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Fig. 9. Globigerinelloides spp. and Pseudoschackoina saundersi from the Aptian lime stones ex posed in the Kopka sec tion (Dol ina
Koœcieliska val ley, West ern Tatra Moun tains). A. Globigerinelloides paragottisi Verga and Premoli Silva, 2003a, trans verse sec tion, sam -
ple KA-3. B. Globigerinelloides maridalensis (Bolli, 1959), trans verse sec tion, sam ple KA-8. C. Globigerinelloides duboisi (Che va lier,
1961), trans verse sec tion, sam ple KA-12. D. Globigerinelloides blowi (Bolli, 1959), trans verse sec tion, sam ple KA-5A. E. Globige-
rinelloides aptiensis Longoria, 1974, trans verse sec tion, sam ple KA-20. F. Globigerinelloides aptiensis trans. ferreolensis, trans verse sec -
tion, sam ple KA-40. G. Globigerinelloides duboisi sigali Longoria, 1974, trans verse sec tion, sam ple KA-45. H. Globigerinelloides cf.
maridalensis elongatus Verga and Premoli Silva, 2005, oblique sec tion, sam ple KA-20. I. Pseudoschackoina saundersi (Bolli, 1959),
trans verse sec tion, sam ple KA-45. J. Globigerinelloides paragottisi clavatus Verga and Premoli Silva, 2005, trans verse sec tion, sam ple
KA-44A.



cor re lated with the up per most in ter val of the B. blowi (= G.
blowi) Zone (Pszczó³kowski, 2003). The change partly re -
sults from dif fer ent con cepts of the Blowi and Cabri zones
in the schemes used by var i ous au thors (Fig. 6), but also is
due to the scar city of the in dex taxon for the lat ter biozone
in the lime stones stud ied. In deed, the spec i mens of Leupol-
dina cabri (Sigal, 1952) are rare in the thin sec tions ana -
lysed (Fig. 8D). Other oc cur rences of the ge nus Leupoldina, 
i.e. L. pustulans (Bolli, 1959) (Fig. 8B, C) and Leupoldina
sp. (Fig. 8E), have been re corded in the Excelsa and Cabri
zones (Fig. 5). Nev er the less, the L. cabri Zone is also doc u -
mented by Globigerinelloides duboisi sigali Longoria, 1974 
(Fig. 9G), G. paragottisi clavatus Verga and Premoli Silva,
2005 (Fig. 9J), G. cf. paragottisi clavatus and G. cf. mari-
dalensis elongatus Verga and Premoli Silva, 2005 (Fig. 9H;
see also Fig. 5). Ac cord ing to Coccioni et al. (2007), these
taxa ap pear in the low er most part of the L. cabri Zone.
More over, the spe cies Pseudoschackoina saundersi (Bolli,
1959) (Fig. 9I), iden ti fied in thin sec tion (sam ple) KA-45, is 
known from the base of the L. cabri Zone to the G. al ge ria-
nus Zone (Verga and Premoli Silva, 2005). Also the pres -
ence of spec i mens iden ti fied as G. aptiensis trans. ferreo-
lensis (Fig. 9F) is con sis tent with the foraminiferal as sem -

blage oc cur ring in the L. cabri Zone (cf. Verga and Premoli
Silva, 2003b).

In the Kopka sec tion, the taxa iden ti fied be long mainly
to the gen era Praehedbergella Gorbachik and Moullade,
1973 (Fig. 7A–L), Globigerinelloides Cushman and Ten
Dam, 1948, emended Longoria, 1974, emended Verga and
Premoli Silva, 2003a (Fig. 9A–H, J) and Gorbachikella Ban -
ner and Desai, 1988 (Fig. 8H). The taxa Globigerinelloides
paragottisi (Fig. 9A), G. maridalensis (Fig. 9B), G. duboisi
(Fig. 9C) and G. blowi (Fig. 9D) are quite com mon in the
sam ples (thin sec tions) stud ied, whereas G. aptiensis (Fig.
9E, F) and G. cf. aptiensis were found in seven sam ples.
Other gen era, Favusella Mi chael, 1973 (Fig. 8G), Leupol-
dina Bolli, 1957, emended Ban ner and Desai, 1988, emended 
Verga and Premoli Silva, 2002 (Fig. 8B–E), Hedbergella
Brönnimann and Brown, 1958, emended Huber and Leckie,
2011 and Pseudoschackoina Verga and Premoli Silva, 2005
(Fig. 9I), are less fre quent in the thin sec tions stud ied.

The spe cies Hedbergella cf. rhi noc eros Coccioni and
Cocon, 1988 (Fig. 8A), found in thin sec tion KA-14, has 6.5 
cham bers only (in stead of 7 to 9) and may be an early rep re -
sen ta tive of the spe cies H. rhi noc eros or, al ter na tively, a
new taxon(?) from the H. rhi noc eros group. The taxon H.
rhi noc eros was re ported from the Late Aptian Globigerinel- 
loides algerianus Zone to the Early Albian Hedbergella
planispira Zone (Coccioni and Cocon, 1988) and also from
the H. trocoidea Zone (Apennines, It aly – Coccioni et al.,
1990). The Early Aptian age of the up per most in ter val of
the L. cabri Zone in the Kopka sec tion seems to be sup -
ported by the lack of foraminiferal taxa con sid ered to ap -
pear in the Up per Aptian (or Mid dle Aptian – see Kuhnt et
al., 2011). Ac cord ing to Moullade et al. (2005), in SE
France the range of P. luterbacheri (Longoria, 1974) starts
ap prox i mately at the Bedoulian–Gargasian bound ary (= Lo- 
wer-Mid dle Aptian bound ary ac cord ing to Kuhnt et al.,
2011). This taxon, how ever, was not ob served in the sam -
ples stud ied from the Kopka sec tion (Fig. 5). 

The taxa Praehedbergella occulta (Longoria, 1974)
(Fig. 7C) and P. cf. occulta (Longoria) are fre quent in sam -
ples be long ing to the L. cabri Zone (Fig. 5). The stratigra-
phical range of P. occulta com prises the whole Aptian Stage 
(BouDagher-Fadel et al., 1997). Even more fre quent are the 
taxa P. praetrocoidea (Kretchmar and Gorbachik, in: Gor-
bachik, 1986) – Fig. 7E, and P. cf. praetrocoidea (Fig. 7F),
whereas Praehedbergella sp. cf. P. rudis (Ban ner, Copes-
take and White, 1993) (Fig. 7G) was found in the lower part
of the L. cabri Zone, only (Fig. 5). The foraminifer Prae-
hedbergella gorbachikae (Longoria, 1974) (Fig. 7H) was
iden ti fied in the sam ple KA-16 (Fig. 5); its ap pear ance in
the lower part of the L. cabri Zone is con sis tent with the
wide range of this taxon (Aptian–Lower Albian ac cord ing
to BouDagher-Fadel et al., 1997 and BouDagher-Fadel,
2013). The spe cies Praehebergella cf. tuschepsensis (Anto- 
nova, 1964) (Fig. 7L) is un com mon in the Kopka sec tion
(Fig. 5), while Pseudoloeblichella? convexa (Longoria,
1974) (Fig. 8F) was found in sam ples KA-14 and KA-46,
only. In con trast, the taxa Gorbachikella cf. kugleri (Bolli,
1959) (Fig. 8H) and Gorbachikella sp. are com mon in the
Excelsa and Cabri zones.
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Fig. 10. The Aptian Nannoconus-bear ing lime stones of the
Kopka sec tion, Dol ina Koœcieliska val ley (West ern Tatra Moun -
tains). A. Pure nannoconid lime stone, sam ple KA-10. B. Nanno-
co nus-dom i nated lime stone with oc ca sional coccoliths, sam ple
KA-24.



NANNOCONUS AS SEM BLAGES

Thirty-four sam ples from the Kopka sec tion were in ves -
ti gated for oc cur rences of Nannoconus taxa un der the scan -
ning elec tron mi cro scope; the re sults are shown in Fig. 11
and Ta ble 1. Nannoconids were not ob served in sam ples
KA-1 and KA-2. In sam ples KA-5, KA-6 and KA-7, cal car e -
ous nannofossils are scarce, whereas sam ples KA-9 and
KA-10 con tain fre quent nannoconids (Fig. 10A). Abun dant
nanoconids oc cur in sam ple KA-24, while coccoliths are
rather scarce (Fig. 10B). In all sam ples stud ied, 19 taxa be -
long ing to the ge nus Nannoconus Kamptner were iden ti fied
(Fig. 11). The taxa: Nannoconus bucheri Brönnimann, 1955
(Fig. 12A), N. colomii de Lapparent (Fig. 13F), N. truittii
Brönnimann, 1955, N. truitti Brönnimann truittii Deres and
Achéritéguy, 1980 (Fig. 12B), N. steinmannii Kamptner and
N. steinmannii Kamptner steinmannii Deres and Achérité-
guy, 1980 (Fig. 13D) are com mon in the sam ples ana lysed.

In gen eral, in the sam ples stud ied, the wide-ca nal spec i -
mens of Nannoconus pre dom i nate over the nar row-ca nal
ones (Tab. 1). In sam ple KA-11, both forms are equally
abun dant; in sam ples KA-20 and KA-22 the nar row-ca nal

forms (N) are more abun dant than the wide-ca nal ones (W).
There are long spec i mens as signed to the taxon N. ex gr.
steinmannii-bermudezii in these sam ples. In sam ples KA-24 
to KA-46, the wide-ca nal forms pre dom i nate (ex cept for
sam ple KA-32). The spe cies Nannoconus colomii oc curs up 
to sam ple KA-41, and prob a bly in sam ple KA-45 (Tab. 1),
that is, in the up per part of the L. cabri Zone (Figs 5, 6). For
com par i son, it is per ti nent to men tion that N. colomii have
not been re corded above the low er most Aptian in the sec -
tions of north ern and cen tral It aly (Erba, 1989). Ear lier,
Deres and Achéritéguy (1980) ter mi nated the range of this
taxon in the Barremian. How ever, N. colomii dis ap peared at 
the G. ferreolensis/G. algerianus zonal bound ary (Up per
Aptian) in west ern Cuba (Pszczó³kowski et al., 2013). With
re gard to the taxon N. steinmannii steinmannii, Bralower et
al. (1994) cor re lated the up per bound ary of its range (at the
DSDP and ODP sites) with the top most in ter val of the G.
blowi Zone in the up per part of the Lower Aptian. How ever,
in the Ital ian sec tions, Erba (1989) re ported the last ap pear -
ance da tum (LAD) of N. steinmannii from the G. ferreolensis
Zone; this dis cov ery is in better agree ment with the data from 
the Kopka sec tion in the West ern Tatra Moun tains.
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Fig. 11. Dis tri bu tion of Nannoconus taxa iden ti fied in Aptian lime stones of the Koœcieliska Marl For ma tion (up per part), in the Kopka
sec tion (Dol ina Koœcieliska val ley, West ern Tatra Moun tains). 



Above sam ple KA-2, the whole sec tion may be sub di -
vided into four Nannoconus as sem blages: (1) N. bucheri-N.
steinmannii, (2) N. truittii frequens, (3) N. vocontiensis and
(4) N. aff. regularis (Fig. 11). As sem blage (1) oc curs in the
lower part of the sec tion and com prises 13 taxa, with N.
steinmannii mi nor (Fig. 13A), N. steinmannii steinmannii,
N. truittii truittii and N. bucheri be ing the most nu mer ous.
This as sem blage is named N. bucheri-N. steinmannii be -
cause these spe cies are very fre quent and also in or der to re -
fer to the N. bucheri Zone dis tin guished by Deres and
Achéritéguy (1980) in the Lower Aptian. As sem blage (2)

in cludes 15 taxa, the fol low ing be ing the most com mon: N.
bucheri, N. truittii truittii and N. steinmannii steinmannii
(Fig. 11). How ever, in this as sem blage N. truittii frequens
(Fig. 12C) makes its first ap pear ance; there fore, this
sub-species is the most char ac ter is tic taxon. The taxon N.
truittii frequens was de scribed from the Lower Aptian–
Turonian (Deres and Achéritéguy, 1980). In the Kopka sec -
tion, this taxon also ap pears in the Lower Aptian strata (Figs 
6, 11). Also one spec i men of Nannoconus circularis (Fig.
12H) was found in as sem blage (2).
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Ta ble 1

Oc cur rence of cal car e ous nannofossils and N/W ra tio for Nannoconus as sem blages in sam ples of the Aptian
lime stones from the Kopka sec tion in the Dol ina Koœcieliska val ley (West ern Tatra Mountains)

Sample Calcareous nnnofossils
Nannoconus

(N/W – semi-quantitative estimation)

KA-1/2 None - -

KA-3 Frequent 0.14 N<W

KA-4 Frequent 1.08 N>W

KA-5 Very scarce >1 N>W

KA-6 Nannoconus spp. (scarce specimens) 0.49 N<W

KA-7 Rare, poorly preserved 4 N>W

KA-9 Frequent Nannoconus specimens, coccoliths infrequent  and poorly preserved 0.19 N<W

KA-10 Frequent Nannoconus specimens, coccoliths infrequent 0.27 N<W

KA-11 Frequent Nannoconus specimens, coccoliths infrequent 1 N=W

KA-12 Frequent Nannoconus specimens, coccoliths very scarce 0.8 N<W

KA-13 Frequent Nannoconus specimens, coccoliths very scarce 1 N=W

KA-14 Frequent Nannoconus specimens, coccoliths very scarce 0.64 N<W

KA-15 Abundant Nannoconus specimens 0.6 N<W

KA-16 Infrequent, poorly preserved 0.12 N<W

KA-18 Infrequent, poorly preserved 0.33 N<W

KA-20 Frequent Nannoconus specimens, mainly 1.8 N>W

KA-22 Frequent Nannoconus specimens and less frequent coccoliths 3.2 N>W

KA-24 Frequent Nannoconus specimens and less frequent coccoliths 0.23 N<W

KA-26 Abundant Nannoconus, very scarce coccoliths 0.6 N<W

KA-27 Frequent Nannoconus specimens and scarce coccoliths 0.72 N<W

KA-29 Frequent Nannoconus specimens and scarce coccoliths 0.6 N<W

KA-31 Infrequent, poorly preserved 0.5 N<W

KA-32 Frequent Nannoconus specimens; coccoliths scarce, sometimes partly dissolved 1.1 N>W

KA-33 Frequent Nannoconus specimens, coccoliths very scarce 0.9 N<W

KA-34 Infrequent, poorly preserved 0.54 N<W

KA-36 Frequent Nannoconus specimens, coccoliths very scarce 0.5 N<W

KA-38 Frequent Nannoconus specimens, coccoliths scarce 0.4 N<W

KA-40 Infrequent Nannoconus specimens, only 0.79 N<W

KA-41 Frequent Nannoconus specimens, coccoliths very scarce 0.75 N<W

KA-42 Frequent Nannoconus specimens, coccoliths scarce 0.33 N<W

KA-43 Frequent Nannoconus specimens, coccoliths scarce, poorly preserved 0.43 N<W

KA-44 Frequent Nannoconus specimens, coccoliths very scarce 0.56 N<W

KA-44A Abundant Nannoconus specimens 0.27 N<W

KA-45 Infrequent, poorly preserved 0.64 N<W

KA-46 Frequent Nannoconus specimens, poorly preserved 0.47 N<W

N – nar row-ca nal forms of Nannoconus Kamptner, 1931; W – wide-ca nal forms of this ge nus.
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Fig. 12. Scan ning elec tron mi cro graphs of se lected Nannoconus spec i mens from Aptian lime stones in the Kopka sec tion (Dol ina
Koœcieliska val ley, West ern Tatra Moun tains). A. Nannoconus bucheri Brönnimann, 1955, lon gi tu di nal sec tion, sam ple KA-9. B. N.
truittii truittii Brönnimann, 1955, oblique sec tion, sam ple KA-9. C. N. truittii Brönnimann frequens Deres and Achéritéguy, 1980, oblique 
lon gi tu di nal sec tion, sam ple KA-26. D. N. vocontiensis Deres and Achéritéguy, 1980, lon gi tu di nal sec tion, sam ple KA-32. E. N. cf.
minutus Brönnimann, 1955, lon gi tu di nal sec tion, sam ple KA-42. F. N. quadriangulus apertus Deflandre and Deflandre-Rigaud, 1962,
lon gi tu di nal sec tion, sam ple KA-46. G. N. wassallii Brönnimann, 1955, oblique trans verse sec tion, sam ple KA-11. H. N. circularis Deres
and Achéritéguy, 1980, oblique sec tion, sam ple KA-26.



As sem blage (3) is named N. vocontiensis, be cause this
taxon (Fig. 12D) ap pears at its base in sam ple KA-32 (Fig.
11). The pres ence of Nannoconus cf. vocontiensis in the
lime stones stud ied, al though in one sam ple only, was men -
tioned pre vi ously (Pszczó³kowski, 2003). Now it is pos si ble
to eval u ate the sig nif i cance of ap pear ance of N. vocontiensis
in the Kopka sec tion. Deres and Achéritéguy (1980) re -
stricted the strati graphi cal range of this taxon to the lower
part of the Up per Aptian (“base de l’Aptien supérieur”).
The first ap pear ance of this taxon (FAD) per mits the
Nannoconus as sem blages oc cur ring in the up per part of the
Kopka sec tion to be dis tin guished from those rec og nized in
the lower part. As sem blage (3) still con tains nu mer ous
spec i mens be long ing to the taxa: N. steinmannii mi nor, N.
steinmannii steinmannii, N. truittii truittii and N. bucheri
(Fig. 11).

The high est as sem blage (4) is char ac ter ized by the oc -
cur rence of N. aff. regularis (Fig. 13C), N. vocontiensis in

its lower part and N. quadriangulus apertus (Fig. 12F) in
the up per most sam ples (KA-46/47). As sem blage (4) also
con tains N. steinmannii mi nor (Fig. 13A), N. truittii truittii,
N. bucheri, N. colomii, N. steinmannii steinmannii (Fig.
13D), N. cf. wassallii, N. globulus globulus (Fig. 13B), N.
minutus and N. cf. minutus (Fig. 12E). Ac cord ing to Deflan- 
dre and Deflandre-Rigaud (1967), N. quadriangulus aper-
tus oc curs in the Gargasian; Deres and Achéritéguy (1980)
showed this taxon as oc cur ring in the Up per Aptian. The
spec i mens as signed herein to N. aff. regularis are smaller
than those in cluded in the taxon N. regularis by Deres and
Achéritéguy (1980). The strati graphi cal range of N. regula-
ris was re ported to be Albian–Santonian (Deres and Aché-
ritéguy, 1980), but Erba (1988, 1989) found this spe cies in
the up per most Aptian, too. In the Ital ian sec tions, N. regu-
laris Zone was cor re lated with part of the lat est Aptian
foraminiferal Ticinella bejaouaensis Zone (Erba, 1988).
Prob a bly, N. aff. regularis is an ear lier rep re sen ta tive of this 
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Fig. 13. Scan ning elec tron mi cro graphs of se lected Nannoconus spec i mens from Aptian lime stones in the Kopka sec tion (Dol ina
Koœcieliska val ley, West ern Tatra Moun tains). A. Nannoconus steinmannii Kamptner mi nor Deres and Achéritéguy, 1980, lon gi tu di nal
sec tion, sam ple KA-43. B. N. globulus globulus Brönnimann, 1955, lon gi tu di nal sec tion, sam ple KA-42. C. N. aff. regularis Deres and
Achéritéguy, 1980, lon gi tu di nal sec tion, sam ple KA-46. D. N. steinmannii steinmannii Kamptner, 1931, lon gi tu di nal sec tion, sam ple
KA-44. E. Nannoconus kamptneri kamptneri Brönnimann, 1955, oblique lon gi tu di nal sec tion, sam ple KA-18. F. N. colomii de Lapparent, 
1931, lon gi tu di nal sec tion, sam ple KA-10.



“slightly con i cal” and “al most iso met ric” Nannoconus spe -
cies (Deres and Achéritéguy, 1980). The N. aff. regularis
as sem blage may oc cur in the Up per Aptian part of the L.
cabri Zone (sensu Leckie et al., 2002; Coccioni et al., 2007)
or at the Lower-Up per Aptian bound ary (af ter Ogg et al.,
2012).

PROB A BLE “NANNOCONID CRI SIS”
AND CHANGE IN THE RA TIO
OF NAR ROW/WIDE-CA NAL

SPEC I MENS IN THE SEC TION STUD IED

In the Kopka sec tion, cal car e ous nannofossils are pres -
ent in al most all sam ples stud ied, ex cept for KA-1 and
KA-2. How ever, in sam ples KA-5 to KA-7, cal car e ous
nannofossils are scarce to rare (Tab. 1). The cor re spond ing
beds be long to the up per part of the P. excelsa Zone (Fig. 5). 
This part of the sec tion com prises lime stones and marls,
about 5.7 m thick; how ever, the marls are not ex posed there. 
The lime stone sam ple KA-5 con tains very scarce nanno-
conids (N. steinmannii mi nor and N. sp. ex gr. N. steinma-
nnii-colomii, only). This part of the sec tion may cor re spond
to the “nannoconid cri sis” (Erba, 1994), doc u mented in the
Cismon sec tion in It aly (Méhay et al., 2009; Erba et al.,
2010) and south east France (Moullade et al., 1998; Herrle
and Mutterlose, 2003). Erba et al. (1999) cor re lated the be -
gin ning of the “nannoconid cri sis” with the lower bound ary
of the mod i fied L. cabri Zone, be low the “Selli Level” (oce -
anic anoxic subevent 1a – Erba, 1994) and above magne-
tozone CM0 (see also Channell et al., 2000). The “nanno-
conid cri sis” was shown to oc cur in the up per in ter val of the
NC6 nannofossil Zone, and in the L. cabri Zone, di rectly
above magnetozone CM0 (Erba, 2004; Erba et al., 2010).
Slightly ear lier (in magnetozone M0 – ear li est Aptian), the
wide-ca nal nannoconids be came more abun dant than the
nar row-ca nal forms (Erba, 2004). The “nannoconid cri sis”
oc curred dur ing the col lapse of cal ci fi ca tion of plank tonic
and ben thic cal car e ous or gan isms, in con di tions of CO2 ex -
cess in the ocean-at mo sphere sys tem (Weissert and Erba,
2004; Erba et al., 2010).

In the Kopka sec tion, the nannofossils be came more
fre quent in sam ple KA-9, with Nannoconus pre dom i nat ing
over the coccoliths. In the youn ger lime stones of the sec tion 
(L. cabri Zone), cal car e ous nannofossils are pres ent, but of -
ten poorly pre served (Tab. 1). The wide-ca nal spec i mens
pre dom i nated over the nar row-ca nal ones in the low er most
part of the sec tion (sam ple KA-3), but only above sam ple
KA-32 the wide-ca nal forms pre dom i nate con sis tently (in
each sam ple) over the nar row-ca nal nannoconids (Tab. 1).
This change is linked with the N. vocontiensis as sem blage,
and con tin ues in the N. aff. regularis one (Fig. 11). Be tween 
sam ple KA-9 and the top of the sec tion, the nannoconids
have re cov ered, al though some lay ers poor in cal car e ous
nannofossils (Tab. 1) still oc cur among the beds with fre -
quent Nannoconus.

Busson and Noël (1991) com pared nannoconids with
cal car e ous dinoflagellates. Erba (1994, 2004) pro posed that
nar row-ca nal nannoconids lived in the lower photic zone
and the wide-ca nal nannoconids in hab ited the in ter me di ate

photic zone, whereas the coccolithophorids thrived in the
up per photic zone. Re place ment of the nar row-ca nal-dom i -
nated Nannoconus as sem blage by the wide-ca nal forms was 
in ter preted “as a re sponse of cal car e ous nannoplankton to a
rise of the nutricline ac com pa ny ing a weak en ing of the
thermocline” (Erba, 2004, p. 91).

In the Zliechov Ba sin, hemipelagic lime stones of the
Mráznica For ma tion pass into the marls and lime stones of
the Koœcieliska Marl For ma tion to wards the deeper part of
the sed i men tary ba sin (Michalík, 2007). The com mon oc -
cur rence of foraminiferal – or foraminiferal-Globochaete –
microfacies in the Aptian nannoconid-dom i nated limesto-
nes in di cates meso- to oligotrophic con di tions (cf. Coccioni
et al., 1992) in the deeper ar eas of the Zliechov Ba sin. A sig -
nif i cant pro por tion of lime stones in the up per part of the Koœ- 
cieliska Marl For ma tion may be in ter preted as a re sult of a
low ered sea level dur ing the Early Aptian (Haq et al., 1987;
Herrle and Mutterlose, 2003). Ac cord ing to Reháková (2000) 
and Michalík et al. (2008), the Koòhora Event (and for ma -
tion) in the Kysuca Suc ces sion (Pieniny Klippen Belt) cor re -
sponded to the Lower Aptian (short term) sea level fall.
According to Michalík et al. (2008), the Koòhora Event cor -
re lates with the “Selli Event” (Erba, 1994).

CON CLU SIONS

1. In the Kopka sec tion (Dol ina Koœcieliska val ley,
West ern Tatra Moun tains), the up per part of the Koœcieliska 
Marl For ma tion con sists of biomicrites with marly inter-
beds. These de pos its, 76 m thick, are as signed mainly to the
Praehedbergella excelsa and Leupoldina cabri zones of
Aptian age, on the ba sis of plank tonic foraminifers iden ti -
fied in thin sec tions.

2. Al though the spec i mens of the in dex taxon are rarely
ob served in the thin sec tion, the pres ence of the L. cabri
Zone is doc u mented also with the oc cur rence of the fol low -
ing foraminifers: Globigerinelloides duboisi sigali, G. cf.
paragottisi clavatus, G. cf. maridalensis elongatus and H.
cf. rhi noc eros. The spec i mens iden ti fied as Globigerinel-
loides aptiensis trans. ferreolensis oc cur in the up per most
part of the Kopka sec tion.

3. Nine teen Nannoconus taxa were iden ti fied in 34
sam ples stud ied. The most fre quent spec i mens be long to the 
taxa: N. bucheri, N. truittii truittii and N. steinmannii stein-
mannii. The en tire sec tion is sub di vided into four Nannoco-
nus as sem blages: (1) N. bucheri-N. steinmannii, (2) N.
truittii frequens, (3) N. vocontiensis and (4) N. aff. regu-
laris. The pres ence of Nannoconus vocontiensis distingui-
shes the nannoconid as sem blages of the up per part of the
sec tion from those oc cur ring in the lower part.

4. In sam ples KA-5 to KA-7, cal car e ous nannofossils
are scarce to rare. This part of the sec tion may cor re spond to 
the world wide “nannoconid cri sis” (Erba, 1994).

5. The wide-ca nal spec i mens pre dom i nated over the
nar row-ca nal ones in the low er most part of the sec tion
(sam ple KA-3), but the wide-ca nal forms pre dom i nate con -
sis tently over the nar row-ca nal nannoconids only in the up -
per part of the sec tion within the L. cabri Zone.
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