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ABSTRACT: In this brief review of the occurrence of planktonic foraminifera in the Middle and Upper Jurassic in the
Pieniny Klippen Belt (Carpathians, southern Poland), we wish to draw attention to the importance of these faunas
in early evolution of the group. The appearance of planktonic foraminifera could be related to major palaeogeographic
changes in the Tethys during early Middle Jurassic which induced vigorous upwelling circulation making nutritiens ava-

ilable in the surface waters.

INTRODUCTION

The Pieniny Klippen Belt is a long narrow struc-
ture that separates the Carpathians into the Inner
and Outer domains (fig. 1A). It is mainly composed
of pelagic carbonates of Jurassic and Cretaceous
age. A number of samples from the Jurassic succes-
sion of the Pieniny Klippen Belt of Southern Poland
have been investigated for their foraminiferal con-
tent. Many of the samples, which range in age from
the Bathonian to the Kimmeridgian, contain very
large numbers of planktonic foraminifera (the Glo-

buligerina microfacies of Wierzbowski et al. 1999)
and provide important evidence of the early evolu-
tion and palaeobiogeography of these fossils. In re-
cent discussions on the origins of the planktonic fo-
raminifera Simmons et al. (1997) and Hart et al.
(2003) have indicated that the previous suggestions
of a Triassic origin (Fuchs 1967, 1971, 1973, 1975,
1977; Oberhauser 1960) are probably incorrect and
that an early to mid-Jurassic origin is more likely.
If this is the case then the abundant Middle and Up-
per Jurassic faunas of the Pieniny Klippen Belt are
extremely important in establishing the early evolu-
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Fig. 1. A - Location of the Pieniny Klippen Belt (in black) within the Carpathians; B — location of the studied sections of the Pieniny Klippen Belt in
Poland (base map simplified from Birkenmajer 1963, 1977); a - Magura Palaeogene flysch (Magura Nappe); b - Podhale Palaeogene flysch
(autochthonous); ¢ — Czorsztyn Succession: 1 — Stankowa Skata, 2 — Czorsztyn Castle Klippe, 3 — Krupianka Creek; d — Niedzica Succession:

4 - Niedzica Podmajerz Klippe, 5 — Czajakowa Skata.

tion of the planktonic foraminifera. One of the more
important taxa in this debate is ,,Globigerina ba-
thoniana Pazdrowa, 1969“ which was first descri-
bed from Ogrodzieniec (between Krakow and Cze-
stochowa).

SAMPLES INVESTIGATED

The ammonitico rosso-type limestone samples
that we have investigated come from the Pieniny
Klippen Belt in the vicinity of Nowy Targ, Czorsz-
tyn, Niedzica, and Jaworki (fig. 1B). The studied
localities correspond to two different facies zones
recognized as the Klippen Succession: the Czorsz-
tyn Succession deposited on the southern slope
of the hypothetical submarine swell — the Czorsztyn
Ridge, and the deeper-water Niedzica Succession
(see Birkenmajer 1977, 1986). The detailed position
of the studied sections and location of the samples
are given according to Wierzbowski et al. (1999,

figs 3, 4, 5 and 6). The samples (see fig. 2 herein)

are:

Stankowa Skala — Czorsztyn Succession, Czorsztyn
Limestone Formation (Oxfordian);

Czorsztyn Castle Klippe (Bed 5) - Czorsztyn
Succession, Czorsztyn Limestone Formation
(Oxfordian);

Krupianka Creek (Bed 6) — Czorsztyn Succession,
Czorsztyn Limestone Formation (Lower Kimme-
ridgian);

Niedzica Podmajerz Klippe (Bed 2) — Niedzica Suc-
cession, Niedzica Limestone Formation (Lower
Bathonian);

Czajakowa Skala (Bed 4) — Niedzica Succession,
Niedzica Limestone Formation (latest Callovian
and/or Oxfordian).

All of these limestones are very hard and were
studied in thin section. We are presently attempting
to break down these limestones using acetolysis;
the method described by Lirer (2000).
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MID-UPPER JURASSIC PLANKTONIC
FORAMINIFERA

Planktonic foraminifera have been described
from Jurassic strata since the pioneering work
of Terquem & Berthelin (1875), Haeusler (1881,
1890) and Terquem (1883, 1886). Initially, all these
authors listed the various ,taxa”“ as species of Glo-
bigerina, and this continued into quite modern
times (Bartenstein & Brand 1937; Strobel 1944; Bal-
hakhmatova 1953; Grigelis 1958; Hofman 1958; Obe-
rhauser 1960; Siebold & Siebold 1960; Bignot & Guy-
ader 1966; Pazdrowa 1969; Masters 1977; Stam
1986; Riegraf 1987). In the 1960s, however, new ge-
neric and sub-generic names came into use (e.g.,
Conoglobigerina, Globuligerina) although many
of the type specimens remain previously described
»globigerine“ taxa. In a recent attempt to rationali-
se the taxonomic status of Jurassic forms Simmons
et al. (1997) have re-figured much of the original
material or topotypes provided by (in some cases)
the original authors.

Czorsztyn Succession

1 3

KIMMERIDGIAN

OXFORDIAN

CALLOVIAN

BATHONIAN

stiatigraphica!

BAJOCIAN

There are a number of problems inherent
in dealing with Jurassic faunas, especially in
the Middle Jurassic. In a recent discussion of
the origins of the planktonic foraminifera Hart et
al. (2003) have suggested that the meroplanktonic
to holoplanktonic transition may have taken place
in the Toarcian and, if this is correct, Middle
Jurassic faunas represent a very early stage in
the evolution of the group. The problems of prese-
rvation are, therefore, compounded by the lack of
characters with which to discriminate taxa. Featu-
res such as the number of chambers in the final
whorl, size and location of the aperture and the he-
ight of the spire are relatively limiting and the eco-
logical significance of any of these variables is also
little understood. Wernli & Gorog (2000) and Gorog
& Wernli (2003) have, for example, drawn attention
to the thin-walled and thick-walled variants seen
in many samples (especially in the successions
of Central Europe). Is this wall thickening created
by an external crust (as in modern 7runcorotalia
truncatulinoides) or is it a fundamental part of the

Niedzica Succession
4
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Fig 2. The section studied with position of the samples yielding planktonic foraminifera, lithostratigraphical classification of the Czorsztyn
and Niedzica successions of the Pieniny Klippen Belt after Birkenmajer (1977); localities: 1 — Stankowa Skata, 2 — Czorsztyn Castle Klippe,

3 — Krupianka Creek, 4 — Niedzica Podmajerz Klippe, 5 — Czajakowa Skata.



Tomy Jurajskie, tom Il

y A AR




Jurassic planktonic foraminifera from Pieniny Klippen Belt and their taxonomic and phylogenetic importance (Carpathians, southern Poland) 5

structure of the individuals? Whatever the reason
behind this variation, it has not been seen in any
of the thin-sections of our samples from the Pieniny
Klippen Belt. The main problem is, however, prese-
rvation. In many cases (e.g., Oxford et al. 2002)
the planktonic foraminifera are preserved as inter-
nal molds (often of pyrite) with little evidence of
surface ornamentation, pores or indeed the posi-
tion and form of the aperture. Many of the faunas
are also described in thin-section or extracted from
hard limestones by acetolysis. In some reports
(e.g., Argolis, Greece: Baumgartner, 1985) the fau-
nas are described as Protoglobigerina (despite
there being no such genus) or as protoglobigerinids
or globuligerinids.

Despite the age range of the thin-sections
described in this report, there is remarkably little
variation in the appearance of the fauna. Many spe-
cimens appear to have three or four chambers
in the final whorl and there are no examples
of the high-spired Praegubkinella described
by Wernli & Gorog (1999, 2000) from a range of Mid-
dle Jurassic locations. None of the Polish material
appears to have thickened walls (pl. 1), although
this only appears to be a feature in the Bajocian
(Gorog & Wernli, 2003, fig. 1). According
to Simmons et al. (1997), the aperture is the key
to generic discrimination with Conoglobigerina
having an interiomarginal low arch while Globuli-
gerina has a high, loop-shaped, aperture.
This, apparently simple, separation of the genera is
slightly problematic. The type of Globuligerina
(given by Simmons et al. 1997) is Globigerina
oxfordiana Grigelis, 1958 and the three views
given by the author in the original figures (especial-
ly fig. 1c) shows four gradually expanding
chambers in the final whorl with an interiomarginal
low arch for an aperture. In a later paper, Grigelis
(1985) re-figured the holotype and the drawings do
seem to represent the same specimen (and views).
The aperture remains a low arch, but shown with
a bordering lip. Later Bignot & Guyader (1966) illu-
strated forms of Globuligerina oxfordiana with

more elongate chambers and more loop-shaped
aperture which looks quite different to that in the
original figure of Grigelis (1958). These later inter-
pretations of Globuligerina oxfordiana by Bignot
& Guyader (1966, 1971) are a significant problem
according to Huddleston (1982). In a probing taxo-
nomic analysis Huddleston (op. cit.) argues that
the majority of workers have overlooked the fact
that ,,...Bignot and Guyader (1971) specifically
designated Globuligerina ozxzfordiana Grigelis,
1958 emend. Bignot and Guyader 1966, emend.
1971, and not Globigerina oxfordiana Grigelis,
1958” as the type species of Globuligerina.
If this is correct, then it calls into question the cur-
rent interpretation of G. oxfordiana (and, perhaps,
its relationship with G. bathoniana) as well as
the status of the genus Globuligerina. In their ana-
lysis of Globuligerina, Simmons et al. (1997) appe-
ar to have been unaware of the views presented
by Huddleston in 1982, which also considered
the status of the genus Polskanella Fuchs and
the family Favusellidae. Stam (1986) also attempted
an emendation of Globuligerina which was not
fully endorsed by Simmons et al. (1997). In 1984, Bi-
gnot & Janin described the planktonic foraminifera
found in the Bajocian of the Falaise des Hachettes
(Normandy) succession. While some of the fauna is
illustrated in thin section, a few isolated specimens
are figured (Bignot & Janin, 1984, pl. 1, figs 3, 5-8).
These individuals (especially figs 3, 8) show
the four chambers in the final whorl (which expand
slowly and are not elongated) and an aperture that
is more like the low arch of the original G. oxfor-
diana. Bignot & Janin (1984) appear to equate
G. oxfordiana with G. bathoniana of Pazdrowa
(1969). With this level of confusion it is not surpri-
sing that the separation of G. oxfordiana from
G. bathoniana in thin-section is almost impossible,
with only a slightly higher spire being the discrimi-
nating feature. In our thin-sections of these Polish
samples we cannot, therefore, separate these two
taxa or adjudicate on the position of G. callovien-
sis, which may be the ancestor of G. oxfordiana

Plate 1

Representative thin-section micrographs of Jurassic planktonic foraminifera from the Pieniny Klippen Belt, all images have a field of view of 6mm:
A - Stankowa Skata, Czorsztyn Limestone Formation, Oxfordian, scattered sections of Globuligerina with rare benthic foraminifera;
B - Stankowa Skafa, Czorsztyn Limestone Formation, Oxfordian, Globuligerina with rare sections through ,filaments” of Bositra;
C - Stankowa Skafa, Czorsztyn Limestone Formation, Oxfordian, sections though Globuligerina showing the characteristic four chambers;
D - Czorsztyn Castle Klippe (Bed 5), Czorsztyn Limestone Formation, Oxfordian, Globuligerina packstone; E — Czorsztyn Castle Klippe (Bed 5),
Czorsztyn Limestone Formation, Oxfordian, Globuligerina packstone with abundant sections through forms with four chambers in the final whorl;
F — Czorsztyn Castle Klippe (Bed 5), Czorsztyn Limestone Formation, Oxfordian, Globuligerina packstone with abundant sections through forms
with four distinct chambers in the final whorl; G - Krupianka Creek (Bed 6), Czorsztyn Limestone Formation, Lower Kimmeridgian,
Globuligerina packstone; H — Krupianka Creek (Bed 6), Czorsztyn Limestone Formation, Lower Kimmeridgian, Globuligerina packstone.
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or an ecophenotype of sub-specific taxonomic
status. It would be expected that the specimens
seen in the sample from the Lower Bathonian
of the Niedzica Limestone Formation should be clo-
sely related, if not identical, to those of the type
G. bathoniana of Pazdrowa (1969). In some of
the thin sections, high-spired forms are occasional-
ly observed.

In the thin sections we have inspected there
are occasionally benthonic foraminifera present
(as reported by Wierzbowski et al. 1999) and we
have also noted the presence of ,microforamini-
fers” similar to those described by Misik & Sotdk
(1998).

SUMMARY

The occurrence of important faunas of Middle-
Upper Jurassic planktonic foraminifera within
the limestones of the Pieniny Klippen Belt has been
reviewed and the problems of specific identification
of the fauna discussed. The Globuligerina facies
of this succession is an interesting faunal associa-
tion and the environment it represents remains
little understood. Some general suggestions dealing
with development of this facies are, however,
discussed below.

In the European Tethys the planktonic foramini-
fera are known from the uppermost Lower Bajocian
(Humphriesianum Zone) in several areas, such as
the Bakony Mountains, Hungary (Wernli & Gorog
1999), the Umbria-Marche Apennines (,,Protoglo-
bigerina“ in Baumgartner 1990), or the Pieniny
Klippen Belt in Poland (Globuligerina sp. in Tysz-
ka 1999). The tests of planktonic foraminifera
become abundant in the pelagic limestones
(of ammonitico rosso-type) of the Middle and Upper
Jurassic in different parts of the European Tethys
(e.g. Wierzbowski et al. 1999), and a near-
continuous lineage of these fossils may be traced
therein. While the ammonitico rosso limestones are
characteristic of the submarine swells, the coeval
Middle to Upper Jurassic Tethyan basinal deposits
are dominated by radiolarites. This ,bloom*
of planktonic organisms during the Middle and
Late Jurassic could be related to palaeogeographic
changes in the Tethys, such as the formation of nar-
row oceanic basins and submarine swells which
might have resulted in a vigorous upwelling circula-
tion making nutritients available in the surface
waters. A marked palaeogeographic transforma-

tion of the European Tethys began to take place du-
ring the Bajocian (see, for example, Bill et al. 2001,
Plasienka 2003), with the origin of the mid-oceanic
Czorsztyn Ridge in the Pieniny Klippen Basin
during the Early Bajocian (Krobicki & Wierzbowski
2004). The Czorsztyn Ridge is thought to have been
a long-lived submarine pelagic swell which induced
upwelling during the Late Jurassic and Early Creta-
ceous (Tyszka 1994, 1995; Golonka & Krobicki
2001). At the same time, the enhanced activity
of the oceanic rift systems, such as those at
the boundary of the Middle and Late Jurassic
(Lewandowski et al. 2005), would have resulted in
a marked transgression, and the opening of a wide
marine connection between the epicratonic seas
of Europe and the Tethys Ocean. This might have
allowed the Early Oxfordian migration of the plank-
tonic foraminifera far to the north, not only to
epicratonic Central Poland (as happened previously
in the Middle Bathonian - see Pazdrowa 1969;
Gedl et al. 2003), but even more distantly,
to northern Poland (e.g., Smolefi 2000), Lithuania
(Grigelis 1958, 1985), southern Sweden (Scania —
Grigelis & Norling 1999), and southern England
(Oxford et al. 2002).
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STRESZCZENIE

Wiele wapieni pelagicznych wystepujgcych
w pieninskim pasie skalkowym, zwlaszcza Srodko-
wo 1 gornojurajskie osady formacji wapienia
czorsztynskiego, wykazuje niezwykle liczne nagro-
madzenia otwornic planktonicznych. Zebrane
proby pochodzg z pieciu odslonieé, zlokali-
zowanych w obrebie pieninskiego pasa skatkowego,
reprezentujgcych utwory od batonu do kimerydu
(fig. 2) (por. Wierzbowski i in. 1999) - trzech
7 sukeesji czorsztynskiej (Czorsztyn Zamek, potok
Krupianka, Stankowa Skata) oraz dwoch z sukcesji
niedzickiej (Niedzica Podmajerz, Czajakowa Skata)
(fig. 1).

Wspolczesne rozwazania nad wezesng ewolucjg,
otwornic planktonicznych (Simmons i in. 1997
Hart i in. 2003) wskazuja, ze dawniejsze poglady
o triasowym rodowodzie tej grupy organizmow
sg prawdopodobnie niestuszne, i ze wyksztalcita
sie ona dopiero na przetomie wezesnej i Srodkowe;j
jury. Stan zachowania jurajskich otwornic plankto-
nicznych w badanych ptytkach cienkich przysparza
jednak sporo klopotéow taksonomicznych,
co dodatkowo wynika z obiektywnych trudnos$ci
podania i oceny wartoSci cech rozpoznawczych
dla poszczegolnych gatunkow. Znaczenie taksono-
miczne szeregu cech (jak liczba komoér w ostatnim
Zwoju, rozmiar i polozenie ujScia oraz wysoko$¢
wierzchotka) jest bowiem stosunkowo ograniczone,
a ekologiczne uwarunkowanie wystepowania tych
cech jest slabo poznane. Zmienno$¢ badanych

limestones (Hungary). Rewvista FEspanola
Micropaleontologia, 31, 3: 123-130.

Wernli R. & Gorog A. 2000. Determination of Bajo-
cian protoglobigerinids (Foraminifera) in thin
sections. Revue de Paleobiologie, 19, 2:
399-407.

Wierzbowski A., Jaworska M. & Krobicki M. 1999.
Jurassic (Upper Bajocian — lowest Oxfordian)
ammonitico-rosso facies in the Pieniny Klippen
Belt, Carpathians, Poland: its fauna, age, micro-
facies and sedimentary environment. Studia
Geologica Polonica, 115: 7-74.

otwornic z pieninskiego pasa skalkowego w plyt-
kach cienkich, pomimo duzego interwatu stratygra-
ficznego, z ktérego pochodzg (dolny baton — dolny
kimeryd), jest niewielka. Wspomniane wczeS$niej
okoliczno$ci nie pozwalaja stwierdzi¢ n.p. jedno-
znacznie czy najczeSciej spotykane formy nalezg
do gatunku Globuligerina bathoniana Pazdrowa,
czy tez G. oxfordiana Grigelis, ktore roznig sie
zwlaszcza ksztaltem ujScia (pl. 1). Mozna sie spo-
dziewac jedynie, ze okazy wystepujace w osadach
dolnego batonu formacji wapienia niedzickiego
sg blisko spokrewnione, jesli nawet nie identyczne,
z gatunkiem G. bathoniana, na co moze wskazy-
wagé, obserwowany niekiedy w plytkach cienkich,
bardziej strzelisty ksztalt wierzcholka skorupki.
Obfitos¢é wystepowania otwornic planktonicznych
w badanych osadach Srodkowej i gornej jury pienin-
skiego pasa skalkowego moze mie¢ jednak duze
znaczenie w rozwazaniach nad ewolucjg otwornic
planktonicznych, co stanie sie szczeg6lnie wyrazi-
ste wowczas gdy podjete proby maceracji metodg,
acetolizy doprowadzg do pelnej ekstrakeji skoru-
pek tych organizmow ze skaty.

Masowe wystepowanie otwornic planktonicz-
nych w péinocnej czesci oceanu Tethys jest zagad-
nieniem niezwykle ciekawym, a jednoczesnie malo
poznanym. W osadach europejskiej czeSci oceanu
otwornice planktoniczne wystepowaly u schylku
wczesnego bajosu (doba Humphriesianum),
a ich liczniejsze nagromadzenia z tego czasu odno-
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towano w wielu rejonach, jak n.p. Gory Bakony
(Wernli i Gorog 1999), Apeniny (rejon Umbria-
Marche - Baumgartner 1990) i pienifiski pas
skatkowy (Tyszka 1999). Skorupki otwornic
planktonicznych wystepowaly juz bardzo licznie
w wapieniach pelagicznych typu ammonitico rosso
w Srodkowe;j (schylek bajosu-kelowej) i poznej jurze
(Wierzbowski i in. 1999). Wapienie ammonitico
rosso byly charakterystyczne dla podmorskich
wyniesieni, a rownowiekowe osady basenowe byly
zdominowane przez osady bogate w radiolarie.
Silny rozkwit organizméw planktonicznych pod-
czas Srodkowej i poznej jury mogl by¢ zwigzany
ze zmianami paleogeograficznymi, takimi jak two-
rzenie sie waskich oceanicznych basenéw i dtugich
podmorskich wyniesiefi, ktére mogly wymuszaé
intensywng, cyrkulacje prgdow wznoszgcych
dostarczajacych do strefy przypowierzchniowe;j
wody duzej iloSei skladnikow odzywezych.

Wyrazna paleogeograficzna przebudowa europej-
skiej czesSci Tethys rozpoczeta sie w bajosie
(Bill i in. 2001; Plasienka 2003); we wczesnym bajo-
sie uksztaltowal sie tez Srdédoceaniczny grzbiet
czorsztynski w pieninskim basenie skalkowym
(Krobicki i Wierzbowski 2004). Wzmozona aktyw-
no$¢ oceanicznych systemow ryftowych mogta
zaowocowaé transgresjg i otwarciem szerokich
morskich potgczen miedzy oceanem Tethys
i morzami epikratonicznymi Europy. Wiasnie taki
proces mogt spowodowac we wezesnym oksfordzie
migracje otwornic planktonicznych daleko ku poi-
nocy, nie tylko do epikratonicznej Polski centralnej,
ale nawet znacznie dalej, do Polski pdéinocnej,
Litwy, poludniowej Szwecji i poludniowej Anglii
(Grigelis 1958, 1985; Grigelis i Norling 1999;
Smolen 2000; Oxford i in. 2002).




