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Radiolarian and ag glu ti nated foraminiferal fauna within up per de pos its of the Skole Unit of the Pol ish Flysch Outer Carpathians oc cur in
the Var ie gated Shale and Hi ero glyphic for ma tions of Paleocene and Eocene age. About 70 radiolarian and 50 foraminiferal spe cies have
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INTRODUCTION

In this pa per we pres ent new radiolarian and ag glu ti nated
foraminiferal as sem blages oc cur ring in the Paleogene de pos its
of the Skole Unit (Flysch Outer Carpathians; Fig. 1). The
micro fauna stud ied was ob served within the Var ie gated Shale
For ma tion and the Hi ero glyphic For ma tion (Fig. 2) within the
up per most Paleocene to the up per Eocene de pos its.

The radiolarian biostratigraphic scheme pro posed herein (af -
ter Sanfilippo and Nigrini, 1998a, b) has been cor re lated with the 
ag glu ti nated foraminiferal biozones well-es tab lished for the
Carpathian de pos its (Geroch and Nowak, 1984; Olszewska,
1997) and cov er ing the time span from Lower Cre ta ceous to
Oligocene (Ta ble 1). 

In Paleogene de pos its of the Carpathians Skole Unit, the
micro fauna is rep re sented by deep-wa ter, gen er ally ag glu ti -
nated Foraminifera and oc ca sional cal car e ous Foraminifera,
whereas plank tonic Foraminifera and cal car e ous
nannoplankton are ab sent. The plank tonic Foraminifera were
ob served (Olszewska and Smagowicz, 1977) in Paleocene and
Eocene de pos its from the Carpathians Fore-Magura units

(Fig. 1). The au thors cited con structed a biostratigraphic
scheme for plank tonic Foraminifera, adapted an other one for
nannoplankton af ter Mar tini and Wors ley (1971) and cor re -
lated these two zonation schemes. 

B¹k et al. (1997) cor re lated the above-men tioned
biostratigraphic schemes with the scheme based upon ag glu ti -
nated Foraminifera from the Skole Unit af ter Geroch and
Nowak (1984) for all the Carpathian suc ces sions. The same au -
thors cor re lated the radiolarian zonation (af ter Sanfilippo et al., 
1985) with the deep-wa ter ag glu ti nated foraminiferal zonation
from the Tethys de vel oped by Geroch and Nowak (1984). 

Only a few au thors de scribed rich Paleogene radiolarian as -
sem blage from the Carpathian flysch: from the Skole Unit (B¹k,
1995; B¹k et al., 1997; Rajchel et al., 1998, 1999) and from the
Sub-Silesian Unit (B¹k and Barwicz-Piskorz, 2005, 2006). 

The Var ie gated Shale and Hi ero glyphic for ma tions rep re -
sent hemipelagic sed i ments, de pos ited in deep-sea bas ins
(bathyal depths) be low the CCD (Leszczyñski and Uchman,
1991; B¹k et al., 1997). A Paleocene radiolarian fauna is ab sent 
or rare within the Skole Unit de pos its, as op posed to the
Eocene, where radio lar ians are abun dant (es pe cially in the
lower Eocene and in the mid dle part of the mid dle Eocene). 



Large ac cu mu la tions of radiolarian skel e tons in the de pos -
its stud ied may have been caused by high amounts of dis solved
sil ica from en hanced weath er ing, vol ca nism and abun dant nu -
tri ents in the sea wa ter. The ef fects of a palaeooceanographic
change of the sur face wa ter cir cu la tion in the Carpathian ba sin
(B¹k et al., 1997) is also a fac tor to con sider. 

A global spa tial-tem po ral dis tri bu tion of deep-wa ter sed i -
ments with rich radiolarian fauna is most typ i cal of the
Paleocene and early Eocene. An oc cur rence peak at about
50 Ma BP co in cides with the time of the high est bot tom-wa ter
tem per a tures of the early Eocene cli ma tic op ti mum (EECO;
Muttoni and Kent, 2007). 

GEOLOGICAL SETTING

The Pol ish part of the Carpathian arc (Fig. 1) is di vided into
three tec tonic units: the In ner Carpathians, the Pieniny Klippen
Belt and the Outer Carpathians. As the lat ter are com posed
mainly of turbidite de pos its, they are also re ferred to as the
Flysch Carpathians. The Skole Unit is one of sev eral im por tant
struc tural-tec tonic units in the Outer Carpathians (Fig. 1). The
Skole Unit is also pres ent to wards the SE in the Ukrai nian and
Ro ma nian Carpathians. The strata of the Skole Unit be long to a 
sin gle strati graphic suc ces sion, rang ing from the Lower Cre ta -
ceous to the lower Mio cene. The pro files stud ied are con fined
to the Var ie gated Shale and Hi ero glyphic for ma tions in the
Skole Unit (Fig. 2). The au thors used the lithostratigraphic di -
vi sion of these two for ma tions pro posed by Rajchel (1990). 

The Var ie gated Shale For ma tion (up per Paleocene–lower part 
of lower Eocene) of the Skole Unit is com posed of red clayey and
muddy shales with interbeds of green shales and lenses of var i ous
sand stones (Boguszówka Sand stone Mem ber and Chmielnik
Striped Sand stone Mem ber). This ma te rial was de rived from var i -
ous sources. The for ma tion also con tains ho ri zons of bentonitised
tuffites (Rajchel, 1994). The thick ness of this for ma tion in the ax -
ial part of the Skole Unit ranges from 130 m in the east to 190 m in
the west and thins near the ba sin mar gins. 

The Var ie gated Shale For ma tion (Fig. 2) rep re sents a de -
posit of lower bathyal and abys sal or i gin, formed be low the
CCD. It was de pos ited at a depth of about 3 km (Olszewska,
1984) in an en vi ron ment with high ox i da tion po ten tial
(Leszczyñski and Uchman, 1991, 1993). Pe ri odic os cil la tions
of this po ten tial are marked by sed i men ta tion of green
noncalcareous shales and by rare oc cur rences of Fe, Cu and Pb
sulphides (Franus and Rajchel, 1999). These changes could
have been caused by fluc tu a tions of the wa ters cir cu lat ing
within the Tethys Ocean and vary ing sup plies of or ganic mat ter 
(Morgiel and Szymakowska, 1978; Leszczyñski and Uchman,
1993; B¹k et al., 1997). The Paleocene part of the Var ie gated
Shale For ma tion (¯ohatyn Var ie gated Shale Mem ber) is com -
posed of dark red muddy and clayey shales, of ten with large
lenses of sand stones and black clayey-muddy strata. At the
base of this for ma tion ex tends a re gional cor re la tion ho ri zon of
allodapic lime stones, the Bircza Lithothamnium Lime stone
Bed, rich in ma te rial de rived from the north ern mar gin of the
Skole ba sin (Rajchel and Myszkowska, 1998a, b). The lower
Eocene part of the Var ie gated Shale For ma tion con sists of
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Fig. 1. Geo log i cal struc ture of the Pol ish Carpathians (af ter ¯ytko et al., 1989, changed, sim pli fied) and the stud ied area
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Fig. 2. Lithostratigraphic units in the Var ie gated Shale and Hi ero glyphic for ma tions of the Skole Unit 
(the Pol ish Carpathians) with the lo ca tion of pro file No. 7 from Hy¿ne and pro file No. 11 from Bazary 

(af ter Rajchel, 1990, mod i fied)



bright cin na bar-red and green clayey shales. The Trójca Red
Shale Mem ber is about 20–30 m thick and con tains a large
amount of pyroclastic ma te rial, partly (to 30%) al tered into
clinoptillolite (Wieser, 1994; B¹k et al., 1997). The rich est
radiolarian as sem blage (50 spe cies) oc curs within these red
shales (B¹k, 1995; B¹k et al., 1997; Rajchel et al., 1998, 1999). 

The Hi ero glyphic For ma tion (up per part of lower Eocene
to lower part of Oligocene; Fig. 2) is a 130–180 m thick suc ces -
sion of green clayey shales (Widaczów Green Shale Mem ber
and Skopów Green Shale Mem ber) with green sand stone
interbeds (Bachórz Shale-Sand stone Mem ber). Lithosomes of
sand stones (Bartkówka Cal car e ous Sand stone Mem ber),
cherts, gaizes, red shales (Jureczkowa Var ie gated Shale Bed)
and marls (Nienadowa Marl Mem ber) form interbeds within
the shales. The Strwi¹¿ Globigerina Marl Mem ber in the up per
part of this for ma tion is an im por tant re gional cor re la tion ho ri -
zon in the Outer Carpathians, mark ing the Eocene/Oligocene
bound ary (Rajchel, 1990; Leszczyñski, 1997). 

MATERIALS AND METHODS

Micropalaeontological sam ples were taken from 25 sec -
tions (22 nat u ral ex po sures and three trenches) through out the
Paleogene-up per Paleocene to up per Eocene de pos its lo cated
in the Pol ish part of the Skole Unit (Figs. 2 and 3). A small, rep -
re sen ta tive area in the cen tral part of the Skole Unit near Hy¿ne
(Fig. 4) was sub jected to more de tailed in ves ti ga tions. A to tal
of 238 sam ples were stud ied, out of which 139 sam ples con tain

radiolarian as sem blages. The radio lar ians were ex tracted from
clayey shales by mul ti ple heat ing of disaggregated rock sam -
ples in Glau ber’s salt so lu tion. Then, the sam ples were washed,
dried and sep a rated us ing a 0.06 mm sieve.

The pres er va tion of the micro fauna is vari able. Scan ning
elec tron mi cro pho to graphs were ob tained with a JEOL
ISM-5410 at the Jagiellonian Uni ver sity by Ms. J. Faber. As the 
in ner parts of most spec i mens were poorly vis i ble in trans mit -
ted light, only a few of these pho to graphs are use ful. 

The amount of Radiolaria var ies in a sam ple from rare (1 to
4 spec i mens) to abun dant (more than 100, some times some
thou sands of spec i mens).

The radiolarian dis tri bu tion in the up per Paleocene to up per
Eocene de pos its dif fers lat er ally, as shown pre vi ously by Morgiel
and Szymakowska (1978). The pres ent au thors de ter mined that the
most abun dant radiolarian as sem blages generaly pre vail in the ax ial
part of Skole ba sin (Fig. 3): pro file No. 1 in Chmielnik, pro files No.
5–8 in the vi cin ity of Hy¿ne (Fig. 4), pro files No. 9 and 10 near
Dyl¹gówka, pro file No. 11 in Bazary, pro file No. 12 in £azy, pro file 
No. 13 in Futoma and pro file No. 16 in Bachów. In the pro files
men tioned most Paleogene de pos its con tain radio lar ians. In the pro -
files of Zabratówka (No. 2), Mak³uczka (No. 3), Baryczka (No. 4),
Bartkówka (No. 14), Leszczawa (No. 15), Trójca (No. 17), Cisowa
(No. 18), Nienadowa (19), Grochowce (No. 20), Knia¿yce (No.
21), Hujsko (No. 22), Turnica (No. 23), Leszczyny (No. 24) and
Bandrów (No. 25) some lay ers of the Paleogene de pos its con tain
poor radiolarian as sem blages. There are also some pro files in the
Paleogene de pos its with out any radio lar ians. These are lo cated
mostly in pe riph eral parts of the Skole ba sin. 

4 Wanda Barwicz-Piskorz and Jacek Rajchel

T a  b l e  1

Radiolarian zones (af ter Sanfilippo and Nigrini, 1998a, b) re corded in the study area and com pared 
with the Carpathian ag glu ti nated foraminiferal zonation (af ter Geroch and Nowak, 1984; Olszewska, 1997) 
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Fig. 3. Dis tri bu tion of the pro files ex am ined within the Var ie gated Shale and Hi ero glyphic for ma tions 
of the Skole Unit in the Pol ish Carpathians (af ter ¯ytko et al., 1989; Rajchel, 1990, mod i fied and sim pli fied)

1 – Chmielnik, 2 – Zabratówka, 3 – Mak³uczka, 4 – Baryczka, 5 – Nowa Wieœ (trench 2), 6 – Nowa Wieœ (trench 1), 7 – Hy¿ne,
8 – Wólka Hy¿neñska, 9 – Dyl¹gówka (trench), 10 – Przylasek, 11 – Bazary, 12 – £azy, 13 – Futoma, 14 – Bartkówka, 
15 – Leszczawa, 16 – Bachów, 17 – Trójca, 18 – Cisowa, 19 – Nienadowa, 20 – Grochowce, 21 – Knia¿yce, 22 – Hujsko,
23 – Turnica, 24 – Leszczyny, 25 – Bandrów

Fig. 4. Ge ol ogy of the vi cin ity of Dyl¹gówka in the cen tral part of the Skole Unit with the lo ca tion 
of pro files No. 7 (Hy¿ne), No. 11 (Bazary) and oth ers (af ter Wdowiarz, 1949; Rajchel, 1989, mod i fied)



MICROFAUNA IN THE DEPOSITS EXAMINED

GENERAL CONTENT

In the de pos its stud ied from the Skole Unit the micro fauna
gen er ally con tains rich deep-wa ter ag glu ti nated foraminiferal
and radiolarian as sem blages. Rare fish teeth and sponge spicules
are also pres ent. Cal car e ous ben thic Foraminifera are rare and
pres ent only in the Paleocene and up per Eocene de pos its. Plank -
tonic Foraminifera and cal car e ous nannoplankton are ab sent. 

Abun dance changes of the main microfaunal com po nents
from the Hy¿ne and Bazary sec tions are shown in Fig ure 5.

The Paleocene sec tion (¯ohatyn Var ie gated Shale Mem ber)
in cludes com mon ag glu ti nated ben thic Foraminifera, rare cal car e -
ous ben thic Foraminifera and vari able amounts of Radiolaria. The
low-di ver sity radiolarian as sem blages in this sec tion are rep re -
sented by only three radiolarian fam i lies (Fig. 5, sam ple 2/11).

The Trójca Red Shale Mem ber and the Chmielnik Striped
Sand stone Mem ber of the lower Eocene part of the sec tion in -
clude rare to com mon ag glu ti nated ben thic Foraminifera and
abun dant Radiolaria. There are no cal car e ous ben thic
Foraminifera at all. The radiolarian as sem blages are the most
di verse of any sam ple from this study, with five to six fam i lies
rep re sented in each (Fig. 5, sam ples 2/7 and 3/7).

The Jureczkowa Var ie gated Shale Bed (mid dle Eocene part 
of the sec tion) in cludes rare to com mon ag glu ti nated ben thic
Foraminifera, rare cal car e ous ben thic Foraminifera, and abun -
dant, di verse Radiolaria (not il lus trated be cause of  true gen er -
ally poor pres er va tion of the spec i mens). 

The Bachórz Shale-Sand stone Mem ber (mid dle-up per
Eocene) in cludes rare to com mon ag glu ti nated ben thic
Foraminifera, rare cal car e ous ben thic Foraminifera and com -
mon, di verse radiolarian as sem blages with six to seven
radiolarian fam i lies rep re sented. Nassellaria are more di verse
than in the other sec tions, with up to three fam i lies rep re sented
(Fig. 5, sam ples 7/7, 8/7 and 9/7).

The Bartkówka Cal car e ous Sand stone Mem ber (up per
Eocene) in cludes rare ag glu ti nated ben thic Foraminifera and
rare to com mon di verse radiolarian as sem blages, with three to
six fam i lies rep re sented (Fig. 5, sam ple 10/7).

RADIOLARIAN ASSEMBLAGES

The radiolarian fauna dis cussed here is dom i nated by the
spe cies known from low and mid dle geo graphic lat i tudes
(Tochilina, 1985; Nishimura, 1992; Hollis, 1993, 2002, 2007;
Khokhlova et al., 1994; Strong et al., 1995; Sanfilippo and
Nigrini, 1998a; Sanfilippo and Hull, 1999; O’Connor, 2000; de
Wever et al., 2001; Sanfilippo and Blome, 2001; Sanfilippo et
al., 2003; Popova-Goll and Goll, 2006; Li Yalin et al., 2007).

The Paleogene de pos its from the Skole Unit con tain abun -
dant and well-pre served Spumellaria, while Nassellaria are
rather poorly pre sented. About 30% of the spe cies in our ma te -
rial (es pe cially large Spongodiscidae, some Actinommidae and 
a few nassellarian spe cies – Lamptonium f. fabaeforme,
Tricolocampe sp. and Thyrsocyrtis hirsuta) – are also known
from the cold-wa ter de pos its of the Cau ca sus re gion
(Krasheninnikov, 1960). Some large Spongodiscidae –
Sethocyrtis minimus Lipman and Lychnocanium conicum –
pres ent in our ma te rial, were rec og nized in the cold-wa ter en vi -

ron ments  rep re sented in the Dnie per–Don de pres sion
(Gorbunov, 1979). The as sem blages with elon gated, spongy
Spumellaria ob served in the Eocene of the Turgay re gion –
Rus sia (Blueford and Amon, 1993) are sim i lar to our ma te rial
from Carpathians. 

Rich radiolarian as sem blages from the Paleogene de pos its
of the Rus sian Plat form (Voronezh Anticline) con tain only a
few spe cies (Popova et al., 2002) known from our ma te rial. 

In the up per part of some sec tions: Hy¿ne, Futoma,
Leszczawa, Cisowa, Turnica, Trójca (the up per part of
Reticulophragmium amplectens Zone, Ammodiscus latus Zone 
and Cyclammina rotundidorsata Zone – the mid dle and up per
Eocene), the radiolarian abun dance de creases, with only a few
Nassellaria spe cies and some Spumellaria. Lo cally Radiolaria
are lack ing. Nassellaria are rep re sented by Podocyrtis papalis,
Theocotylissa ficus, Lychnocanoma cf. amphitrite, and
Spumellaria by Phacodiscus lentiformis, Cenosphaera cf.
eocenica and Lithocyclia aristotelis (Ehrenberg).

The num ber of radiolarian spe cies pres ent in the Paleogene
de pos its of the Skole Unit is rel a tively lower than that in the
Paleocene bot tom de pos its of the World Ocean. Only two spe -
cies have been rec og nized – Buryella clinata and Phormocyrtis 
striata striata, which de fine the re spec tive radiolarian zones. 
This may be the ef fect of a gen eral pov erty of radiolarian
micro fauna in the Skole ba sin as a re sult of its very nar row and
dis tant con nec tion with the At lan tic Ocean in the Paleogene
(Golonka et al., 2000). A sec ond rea son for the pov erty of
micro fauna dis cussed here is the fact that most of the ma te rial
stud ied co mes from sam ples which only partly disaggregated.
The bib lio graphic data for sep a rate radiolarian spe cies are
placed in the Ap pen dix be low. The most of iden ti fied
radiolarian spe cies are pre sented on Plate 1 to 5. 

FORAMINIFERAL ASSEMBLAGES

The foraminiferal as sem blages in Paleogene de pos its of the
Skole Unit are dom i nated by deep-wa ter ag glu ti nated spe cies
(Fig. 5 and Ta ble 1). The cal car e ous ben thic Foraminifera are
rare and pres ent only in the Paleocene and up per Eocene de pos -
its. The plank tonic Foraminifera are ab sent. 

In the ma te rial in ves ti gated, ex cept for nu mer ous in dex spe -
cies men tioned above, there are many long-range spe cies oc -
cur ring in vari able quan tity: Glomospira gordialis (Jones and
Parker), Gl. charoides (Jones and Parker), Gl. serpens
(Grzybowski), Kalamopsis grzybovskii (Dyl¹¿anka),
Haplophragmoides walteri (Grzybowski), Ammodiscus sp.,
Spiroplectammina spectabilis (Grzybowski), Karrerulina
coniformis (Grzybowski), Revcurvoides div. sp.,
Trochamminoides sp., Cribrostomoides sp., Karrerulina sp.,
Rhabdamina sp., Hyperammina sp. and many oth ers. The cal -
car e ous ben thic Foraminifera are very rare, poorly pre served
and un re cog nis able. The spe cies men tioned here are known
well in the lit er a ture con cern ing the Carpathians.

FORAMINIFERAL AND RADIOLARIAN
BIOSTRATIGRAPHY

The oc cur rence of radiolarian and ag glu ti nated foraminiferal
as sem blages al low the cor re la tion of biostratigraphic schemes
based on both groups of mi cro or gan isms.
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Fig. 5. De tailed pro files of the Var ie gated Shale and Hi ero glyphic for ma tions from Hy¿ne (No. 7) and Bazary (No. 11) 
in the cen tral part of the Skole Unit with di a grams of radiolarian as sem blages

Small pie charts show fau nal com po nents: Fa – ag glu ti nated Foraminifera, Fc – cal car e ous Foraminifera, R – Radiolaria; large pie charts rep re sent the dis -
tri bu tion of radiolarian fam i lies: spumellarian fam i lies: Ac – Actinommidae + Stylosphaeridae, Sp – Spongodiscidae, Co – Coccodiscidae =
Phacodiscidae + Heliodiscidae, Sg – Sponguridae; nassellarian fam i lies: Am – Amphipyndacidae + Artostrobiidae, Eu – Eucyrtidiidae + Theoperidae +
Theocotylidae, Pt – Pterocorythidae



FORAMINIFERAL ZONATIONS

The foraminiferal spe cies re cog nized here be long to five
ag glu ti nated foraminiferal zones es tab lished for the Pol ish
Flysch Carpathians by Geroch and Nowak (1984) and
Olszewska (1997). They are: the Rzehakina fissistomata Zone
(up per Paleocene), the Saccamminoides carpathicus Zone
(lower Eocene), the Reticulophragmium amplectens Zone
(mid dle Eocene), the Ammodiscus latus Zone (mid dle Eocene)
and the Cyclammina rotundidorsata Zone (up per Eocene).

RADIOLARIAN ZONATIONS

The radiolarian biostratigraphic scheme has been adapted
af ter Sanfilippo and Nigrini (1998a) for low lat i tudes.

In the as sem blages stud ied only some radiolarian spe cies
are stratigraphically im por tant while most are long-rang ing
(Ta ble 2). Us ing the zonation of Sanfilippo and Nigrini
(1998a), the fol low ing radiolarian zones can be dis tin guished:
the Bekoma bidartensis In ter val Zone, the Buryella clinata In -
ter val Zone, the Phormocyrtis striata striata In ter val Zone, the
Theocotyle cryptocephala In ter val Zone and the Dictyoprora
mongolfieri In ter val Zone. 

Bekoma bidartensis In ter val Zone RP7

Af ter Sanfilippo and Blome (2001), this zone has been de -
scribed as the in ter val be gin ning at the evo lu tion ary tran si tion
from Pterocodon (?) anteclinata to Buryella clinata and to the
low est morphotypic oc cur rence of Bekoma bidartensis. 

R e  m a r k s. – Be cause the in dex spe cies are miss ing in
our ma te rial, we give as the in for mal, lo cal lim its of this zone
the first oc cur rence of Calocycloma ampulla (Ehrenberg) and
Theocotylissa auctor Fore man (bot tom) and the first oc cur -
rence of Buryella clinata, Lamptonium sanfilippoae and
Theocotyle nigriniae (top). 

Sev eral radiolarian events oc cur within the zone. These are: 
the first oc cur rence of Calocycloma castum (in the lower part
of the zone), the first oc cur rence of Podocyrtis papalis (near
the mid dle of the zone), the first oc cur rence of Theocotylissa
auctor and Thyrsocyrtis (Thyrsocyrtis) hirsuta (in the up per
part of the zone), the first oc cur rence of Theocotylissa ficus (in
the lower part of the zone). These radiolarian first oc cur rences
are not syn chro nous with those de scribed by Sanfilippo and
Blome (2001) from low-lat i tude lo cal i ties. For ex am ple, the
first oc cur rence (FO) of the Theocotylissa ficus and
Thyrsocyrtis (Thyrsocyrtis) hirsuta hap pens much later, and
the FO of the Theocotylissa auctor takes place much ear lier in
the B. clinata Zone at low lat i tudes. 

Buryella clinata In ter val Zone RP8

Af ter Sanfilippo and Blome (2001), this zone has been de -
scribed as the in ter val be gin ning at the low est oc cur rence of
Theocorys anaclasta to the evo lu tion ary tran si tion from
Pterocodon (?) anteclinata to Buryella clinata. 

R e  m a r k s. – Be cause  some of the in dex spe cies are
miss ing in our ma te rial, we give as the in for mal, lo cal lim its of
this zone the in ter val from the first oc cur rence of Buryella
clinata Fore man and Phormocyrtis striata exquisita,

Calocycloma castum (Haeckel), Lamptonium sanfilippoae
Fore man and Theocotyle nigriniae Riedel and Sanfilippo (bot -
tom) to the first oc cur rence of Phormocyrtis striata striata
Brandt, Bathropyramis quadrata Haeckel, Lychnocanium
bellum Clark and Camp bell, Eucyrtidium cf. montiparum,
Lychnocanoma cf. amphitrite Fore man and Lamptonium
fabaeforme fabaeforme (top). 

Sanfilippo and Blome (2001) re ported the fol low ing events
oc cur ring within the zone: the last oc cur rence of Phormocyrtis
turgida (Krasheninnikov) and the first oc cur rences of
Lamptonium sanfilippoae, Theocotyle nigriniae and
Thyrsocyrtis (Thyrsocyrtis) hirsuta. 

Phormocyrtis striata striata In ter val Zone RP9

Af ter Sanfilippo and Blome (2001), this zone has been de -
scribed as the in ter val be gin ning at the evo lu tion ary tran si tion
from Theocotyle nigriniae to Theocotyle cryptocephala to the
low est oc cur rence of Theocorys anaclasta.

R e  m a r k s. – Be cause most of the in dex spe cies are
miss ing in our ma te rial, we give as the in for mal, lo cal lim its of
this zone the in ter val from the first oc cur rence of Phormocyrtis
striata striata, Bathropyramis quadrata, Lychnocanium
bellum, Eucyrtidium cf. montiparum Ehrenberg, Lamptonium
fabaeforme fabaeforme (Krasheninnikov) and Lychnocanoma
cf. amphitrite (base) to the first oc cur rences of Spongatractus
pachystylus and Amphiternis clava and the last oc cur rence of
Eucyrtidium cf. montiparum. 

Sanfilippo and Blome (2001) re ported the fol low ing events
oc cur ring within the zone: the last oc cur rences of Lamptonium
sanfilippoae and Phormocyrtis cubensis and the first oc cur -
rences of Thyrsocyrtis rhizodon and Lychnocanium bellum.

Theocotyle cryptocephala In ter val Zone RP10

Af ter Sanfilippo and Blome (2001), this zone has been de -
scribed as the in ter val be gin ning at the low est oc cur rence of
Dictyoprora mongolfieri to the evo lu tion ary tran si tion from
Theocotyle nigriniae to Theocotyle cryptocephala.

R e  m a r k s. – Be cause the in dex spe cies are miss ing in
our ma te rial, we give as the in for mal, lo cal lim its of this zone
the first oc cur rence of Spongatractus pachystylus (Ehrenberg)
and Amphiternis clava (Ehrenberg) (bot tom), while the top of
the zone as the last oc cur rence of Spongurus bilobatus,
Amphiternis clava and Bathropyramis quadrata. The last oc -
cur rence of Calocycloma castum also oc curs at the top of the
Theocotyle cryptocephala Zone in our ma te rial.

Dictyoprora mongolfieri In ter val Zone RP11

Af ter Sanfilippo and Blome (2001), this zone has been de -
scribed as the in ter val be gin ning at the low est oc cur rence of
Eusyringium lagena to the low est oc cur rence of Dictyoprora
mongolfieri. 

R e  m a r k s. – Be cause one of the in dex spe cies is miss ing in
our ma te rial, we give as the in for mal, lo cal lim its of this zone the in -
ter val from the last oc cur rence of Calocycloma castum, Amphiternis 
clava, Bathropyramis quadrata and Spongurus bilobatus (bot tom)
to the last oc cur rence of Lamptonium fabaeforme fabaeforme and
Thyrsocyrtis (Thyrsocyrtis) hirsuta (top).
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CORRELATION

The radiolarian and foraminiferal zones from the Paleogene 
de pos its of the Skole Unit are shown in Ta ble 1. 

The radiolarian Zone RP7 co in cides in the Skole Unit with
the up per part of the Rzehakina fissistomata Zone and the lower 
part of the Saccamminoides carpathicus Zone and is up per
Paleocene to low er most Eocene in age. 

The radiolarian Zone RP8 co in cides in the Skole Unit with the 
Saccamminoides carpathicus Zone and is lower Eocene in age.

The radiolarian Zone RP9 co in cides in the Skole Unit with
the up per most part of the Saccamminoides carpathicus Zone
and the low er most part of the Reticulophragmium amplectens
Zone and is up per most lower Eocene and the low er most mid -
dle Eocene in age.

The radiolarian Zone RP10 co in cides, in the Skole Unit,
with the lower part of the Reticulophragmium amplectens Zone 
and is lower mid dle Eocene in age.

The radiolarian Zone RP11 co in cides in the Skole Unit with 
the mid dle part of the Reticulophragmium amplectens Zone
and is lower part of the mid dle Eocene in age.

The radiolarian zonation pre sented herein approximates to
the low-lat i tude radiolarian biozonation.

The cor re la tion of the five newly es tab lished radiolarian zones
with the zonations of other au thors (B¹k, 1995; B¹k et al., 1997;
B¹k and Barwicz-Piskorz, 2005) have also been made in the area
of the Skole and Sub-Silesian units (Ta ble 3). The zonation for the
bot tom de pos its of the World Ocean low and mid dle lat i tudes
(Sanfilippo and Nigrini, 1998a) has formed the ba sis for es tab lish -
ing a radiolarian zonation for the re gions men tioned here. 

The radiolarian zonations for the bo real re gion (Rus sian
Plat form) by Kozlova (1984, 1990, 1993) have been found in -
ap pro pri ate for low lat i tudes (Sanfilippo and Nigrini, 1998a).
In the ma te rial from the Skole Unit, the Phormocyrtis striata
striata In ter val Zone is the only zone com mon to both
zonations (bo real and low-lat i tude), but its strati graphic po si -
tion is lower in the bo real zonation (Ta ble 4).

10 Wanda Barwicz-Piskorz and Jacek Rajchel

T a  b l e  3

Radiolarian zones and ag glu ti nated foraminiferal zones (recognized un til now in the Pol ish part of the Flysch Carpathians)

T a  b l e  4

Com par i son of the radiolarian zonations from low and mid dle lat i tudes 
in the World Ocean (Sanfilippo and Nigrini, 1998a) with those from North Eur asia (Kozlova, 1990; Lipman, 1993) 
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The radiolarian zonations for North Eur asia (Kozlova,
1990; Lipman, 1993) dif fer from the zonation for low and mid -
dle lat i tudes in the World Ocean (Sanfilippo and Nigrini,
1998a). The radiolarian zones com mon to these dis tricts can not 
be dis tin guished. 

DISCUSSION

The re search car ried out in the Var ie gated Shale and Hi ero -
glyphic for ma tions of the Skole Unit re sulted in the first wide
spread iden ti fi ca tion of pop u la tions of Radiolaria and ac com -
pa nied ag glu ti nated Foraminifera in the Paleogene de pos its of
the Carpathian flysch. Pre vi ous re search was mostly based on
lim ited ma te rial (B¹k, 1995; B¹k et al., 1997). 

Our zonation has been com pared to the radiolarian zonation
of bo real dis tricts, i.e. of the Rus sian Plat form (Kozlova, 1990)
and North Eur asia (Lipman, 1993). The radiolarian zonations for 
many parts of the bo real realm (Ta ble 4) dif fer from the zonation
for low and mid dle lat i tudes in the World Ocean (Sanfilippo and
Nigrini, 1998a) as there are no com mon spe cies. 

The range of the first and the last oc cur rences of some se -
lected in dex spe cies from the Carpathians has been com pared
to the range of radiolarian spe cies from other dis tricts of low
and mid dle lat i tudes, such as the Gulf of Mex ico (Fore man,
1973), the Ca rib bean re gion (Riedel and Sanfilippo, 1973), the
NW At lan tic (Nishimura, 1987), New Zea land (Hollis, 2007),
the World Ocean (Sanfilippo et al., 1985; Sanfilippo and
Nigrini, 1998a). It turns out that in some cases the data on the
first and last oc cur rences of radiolarian spe cies dif fer in the lit -
er a ture men tioned above (Ta ble 5). 

CONCLUSIONS

The Skole ba sin in the Paleogene formed the north ern part
of the Tethys Ocean. It ex tends along the south ern edge of the
north ern Eu ro pean Plat form. 

Paleogene sed i men ta tion in the Skole ba sin took place in
deep-wa ter con di tions be low the CCD. The micro fauna was
com posed gen er ally of ag glu ti nated Foraminifera and
Radiolaria. The Radiolaria rep re sent an as so ci a tion of
warm-wa ter spe cies but poorer than the one known from the
World Ocean. 

The radiolaria and ag glu ti nated Foraminifera men tioned
above be long to five radiolarian zones (af ter Sanfilippo and
Nigrini, 1998a) and to five ag glu ti nated foraminiferal zones
(af ter Geroch and Nowak, 1984), be ing up per Paleocene to
mid dle Eocene in age. The radiolarian zonation may be cor re -
lated with the deep-wa ter ag glu ti nated foraminiferal zonation
from Tethys.

Radiolarian as sem blages of low and mid dle lat i tudes (in -
clude Carpathian) dif fer dis tinctly from those of the bo real zone 
(North Eur asia). There are no com mon spe cies. 

The first and the last oc cur rences of in di vid ual spe cies from 
the study area and those from the lit er a ture show some dif fer -
ences. The ex cep tion is Buryella clinata – the in dex spe cies of
the Buryella clinata Zone. In the deep-wa ter de pos its of the
World Ocean, the New Zea land re gion and the Carpathians, its
first oc cur rences are on the bound ary be tween the Bekoma
bidartensis Zone and the Buryella clinata Zone, the last oc cur -
rences, how ever, are near the bound ary of the Phormocyrtis
striata striata Zone and the Theocotyle cryptocephala Zone. 
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APPENDIX

Spe cies list (sys tem at ics af ter P. de Wever et al., 2001)

Class ACTINOPODA
Sub class RADIOLARIA Müller 1858

Superorder POLYCYSTINA Ehrenberg 1838, 
emend. Riedel 1967

Or der SPUMELLARIA Ehrenberg 1875, 
emend. de Wever et al., 2001

Fam ily STYLOSPHAERIDAE Haeckel 1881
Amphisphaera mi nor (Clark and Camp bell) 

(Pl. 1d)

Stylosphaera mi nor Clark and Camp bell, 1942, p. 27, pl. 5,
figs. 1, 2, 12. 
Amphisphaera mi nor (Clark and Camp bell); 
Sanfilippo and Riedel, 1973, p. 486, pl. 1, figs. 1–5; pl. 22, fig. 4;
Nishimura, 1987, p. 719, pl. 1, fig. 5;
Liu and Aitchison, 2002, p. 147, pl. 1, fig. 7;
Hollis, 2007, pl. 1, fig. 4;
B¹k and Barwicz-Piskorz, 2005, p. 142, fig. 3F.

Amphisphaera ? sp. 
(Pl. 4e)

Stylosphaera aff. coronata Ehrenberg 
(Pl. 1b)

Stylosphaera coronata Ehrenberg, 1873, p. 258; 1875, pl. 25,
fig. 4.
Stylosphaera coronata coronata Ehrenberg;
Sanfilippo and Riedel, 1973, p. 520, pl. 1, figs. 13–17; pl. 25,
fig. 4;
Nishimura, 1987, p. 729, pl. 1, figs. 1, 2;
B¹k, 1995, p. 150, pl. 4, figs. 1, 2.
Amphisphaera coronata s.l. (Ehrenberg);
Hollis, 1997, p. 35, pl. 2, figs. 14–17;
Hollis, 2007, pl. 1, fig. 1.
Stylosphaera coronata Ehrenberg;
B¹k and Barwicz-Piskorz, 2005, p. 142, fig. 3C, E.

Stylosphaera cf. eocenica Gorbovetz
(Pl. 4f)

Stylosphaera eocenica Gorbovetz;
In: Kozlova and Gorbovetz, 1966, p. 55, pl. 8, figs.1, 2. 

Pseudostaurosphaera perelegans Krasheninnikov
(Pl. 1e, f)

Pseudostaurosphaera perelegans Krasheninnikov, 1960,
p. 267, pl. 1, fig. 6. 

Pseudostaurosphaera ? sp.
(Pl. 4g)

Spongatractus pachystylus (Ehrenberg)
(Pl. 1j)

Spongosphaera pachystyla Ehrenberg, 1873, p. 256; 1975,
pl. 26, fig. 3;
Sanfilippo and Riedel, 1973, p. 519, pl. 2, figs. 4–6; pl. 25, fig. 3;
Sanfilippo et al., 1985, p. 652, fig. 6.2;
Sanfilippo et al., 2003, p. 10, pl. 2, fig. 17.

Fam ily ACTINOMMIDAE Ehrenberg 1875
Cenosphaera cf. eocenica Clark and Camp bell

(Pl. 1a)

Cenosphaera eocenica Clark and Camp bell, 1942, p. 26, pl. 1,
fig. 6;
Blueford and White, 1984, p. 77, pl. 2, fig. 6;
B¹k, 1995, p. 147, pl. 1, figs. 1–4. 

Conosphaera orthoconus Haeckel
(Pl. 4d)

Conosphaera orthoconus Haeckel, 1887, p. 221, pl. 12, fig. 2.

Conosphaera platyconus Haeckel 
(Pl. 4c)

Conosphaera platyconus Haeckel, 1887, p. 221, pl. 12, fig. 3.
Acantosphaera sp.;
B¹k, 1995, p. 147, pl. 3, figs. 7–10. 

Melitosphaera melitomma Haeckel 
(Pl. 1c)

Melitosphaera melitomma Haeckel, 1887, p. 73, pl. 20, fig. 4.
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Plegmosphaera max ima Haeckel
(Pl. 4a, b)

Plegmosphaera max ima Haeckel, 1887, p. 88. 

Fam ily PHACODISCIDAE Haeckel, 1881
Fam ily COCCODISCIDAE Haeckel, 1862, 

emend. Sanfilippo and Riedel, 1980
Lithocyclia aristotelis (Ehrenberg)

(Pl. 2d)

Astromma aristotelis Ehrenberg, 1847, p. 55, fig. 10.
Lithocyclia aristotelis (Ehrenberg);
Riedel and Sanfilippo, 1971, pl. 3A, figs. 2, 4, 5;
Sanfilippo et al., 1985, 653, fig. 7. 2a–c.

Lithocyclia ? sp.
(Pl. 4m, n)

Phacodiscus lentiformis Haeckel
(Pl. 1h, i)

Phacodiscus lentiformis Haeckel, 1887, p. 425, pl. 35, fig. 8.
Phacodiscus rotula Haeckel, 1887;
B¹k, 1995, p. 149, pl. 2, figs. 3–5;
B¹k and Barwicz-Piskorz, 2005, p. 143, fig. 3N.

Phacodiscus sp. 1 
(Pl. 4i, j)

Phacodiscus sp. 2 
(Pl. 4k, l)

Fam ily HELIODISCIDAE Haeckel 1881
Heliodiscus pentasteriscus Clark and Camp bell 

(Pl. 4h)

Heliodiscus pentasteriscus Clark and Camp bell, 1942, p. 39,
pl. 3, fig. 8;
B¹k and Barwicz-Piskorz, 2005, p. 142, fig. 3J, K.

Heliodiscus cf. perplexus Clark and Camp bell
(Pl. 1g)

Heliodiscus perplexus Clark and Camp bell, 1942, p. 40, pl. 3,
fig. 12;
B¹k and Barwicz-Piskorz, 2006, p. 142, fig. 3L.

Fam ily HAGIASTRIDAE Riedel 1971
?Crucella cf. espartoensis Pessagno 

(Pl. 5d)

Crucella espartoensis Pessagno, 1971, p. 54, pl. 18, figs. 1–4;
Fore man, 1973, p. 429, pl. 13, fig. 14.

Fam ily SPONGODISCIDAE Haeckel 1862, 
emend. Riedel 1967 

Spongotrochus (Spongasteriscus) cruciferus 
(Clark and Camp bell) 

(Pl. 1n)

Spongasteriscus (Spongasteriscinus) cruciferus Clark and
Camp bell, 1942, p. 50, pl. 1, figs. 1–6, 8, 10–11, 16–18.
Spongotrochus cruciferus (Clark and Camp bell);
Petrushevskaya, 1975, p. 575, pl. 5, fig. 5.
Spongodiscus ex gr. cruciferus (Clark and Camp bell);
Popova et al., 2002, p. 48, fig. 17M, S.

Spongotrochus echinodiscus Clark and Camp bell, 1942
(Not il lus trated)

Spongotrochus echinodiscus Clark and Camp bell;
Clark and Camp bell, 1942, p. 48, pl. 2, fig. 3.

Spongodiscus (Spongocyclia) communis Clark and Camp bell 
(Pl. 2a)

Spongodiscus (Spongocyclia) communis Clark and Camp bell,
1942, p. 47, pl. 2, figs. 1, 11, 13, 14, pl. 3, figs. 1, 4;
B¹k and Barwicz-Piskorz, 2005, p. 143, fig. 3O–R.

Flustrella circularis (Clark and Camp bell)
(Pl. 5c)

Porodiscus circularis Clark and Camp bell, 1942, p. 42, figs. 2,
6, 10. 

Flustrella concentrica Ehrenberg
(Pl. 2e)
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Flustrella concentrica Ehrenberg, 1838, p. 132;
Ehrenberg, 1875, p. 160, pl. 22, fig. 13; 
Barwicz-Piskorz, 1978, p. 238, pl. 1, fig. 6, pl. 5, fig. 1a, b. 

Fam ily ARCHAEOSPONGOPRUNIDAE Pessagno 1973
Spongoprunum densum Clark and Camp bell

(Pl. 1k)

Spongoprunum densum Clark and Camp bell, 1942, p. 37, pl. 4, 
fig. 3. 

Fam ily SPONGURIDAE Haeckel 1862, 
emend. Petrushevskaya 1975

Spongurus (Spongurantha) bilobatus Clark and Camp bell 
(Pl. 1m)

Spongurus (Spongurantha) bilobatus Clark and Camp bell,
1942, p. 36, pl. 1, figs. 7, 9. 
Spongurus bilobatus Clark and Camp bell group;
Hollis, 2002, p. 291, pl. 2, figs. 11a, b, 12–14;
B¹k and Barwicz-Piskorz, 2005, p. 143, fig. 4C.

Spongurus (Spongurantha) spatulaeformis 
Clark and Camp bell 

(Pl. 1l)

Spongurus (Spongurantha) spatulaeformis Clark and Camp -
bell, 1942, p. 36, pl. 1, fig. 15;
Aita et al., 1997, pl. 3, figs. 6, 7. 

Spongurus sp. 1 
(Pl. 4o, p)

Amphicraspedum murrayanum Haeckel 
(Pl. 2c)

Amphicraspedum murrayanum Haeckel, 1887, p. 523, pl. 44,
fig. 10;
Sanfilippo and Riedel, 1973, p. 524, pl. 10, figs. 3–6; pl. 28, fig. 1;
Nishimura, 1987, p. 719, pl. 1, figs. 14, 18;
Sanfilippo et al., 2003, p. 6, pl. 2, fig. 11;
Hollis 2007, pl. 1, figs. 18, 19. 

Amphicraspedum prolixum Sanfilippo and Riedel 
(Pl. 2b)

Amphicraspedum prolixum Sanfilippo and Riedel, 1973,
p. 524, pl. 10. figs. 7–11; pl. 28, figs. 3, 4;
Aita et al., 1997, pl. 3, fig. 5;
Hollis, 2007, pl. 1, figs. 14, 20, 21;
B¹k and Barwicz-Piskorz, 2005, p. 143, fig. 4A, B.

Amphibrachium paleogenicum Gorbunov
(Pl. 5a, b)

Amphibrachium paleogenicum Gorbunov, 1979, p. 130, pl. 7,
fig. 2; pl. 9, fig. 1a–j.

Or der NASSELLARIA Ehrenberg 1875
Fam ily ACROPYRAMIDIDAE Haeckel 1881

Artostrobus ? sp.
(Pl. 5l)

Bathropyramis quadrata Haeckel
(Pl. 2f)

Bathropyramis quadrata Haeckel, 1887, p. 1159, pl. 54, fig. 1. 

Fam ily ARTOSTROBIIDAE Riedel 1967, 
emend. O’Connor 2001

(according to De Wever et al., 2001 Buryella be longs to the
fam ily Eucyrtidiidae)

Buryella clinata Fore man
(Pl. 3b)

Buryella clinata Fore man, 1973, p. 433, pl. 8, figs. 1–3; pl. 9,
fig. 19;
Nishimura, 1987, p. 720, pl. 2, figs. 5–6;
Sanfilippo et al., 2003, p. 6, pl. 1, fig. 6;
B¹k and Barwicz-Piskorz, 2005, p. 144, fig. 4I;
B¹k and Barwicz-Piskorz, 2006, p. 50, pl. 1, figs. 4–10, 16.

Fam ily PTEROCORYTHIDAE Haeckel 1881, 
emend. Riedel 1967, emend. Moore 1972

Theocorys cf. anaclasta Riedel and Sanfilippo
(Pl. 5h)

Theocorys anaclasta Riedel and Sanfilippo, 1970, p. 530, figs.
2, 3;
Fore man, 1973, p. 440, pl. 5, figs. 14–15;
Sanfilippo et al., 2003, p. 9, pl. 1, fig. 4.
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Theocorys aff. spongoconum (Kling) 
(Pl. 3n)

Theocorys spongoconum Kling, 1971, p. 1087, pl. 5, fig. F.
Theocorys spongoconum (Kling);
Riedel and Sanfilippo, 1971, p. 1596, pl. 2F, fig. 4; pl. 3C, fig. 3. 

Podocyrtis (Lampterium) cf. mitra Ehrenberg
(Pl. 5j)

Podocyrtis mitra Ehrenberg, 1854, pl. 36, fig. 320; 1873, p. 251,
Podocyrtis (Lampterium) mitra Ehrenberg;
Riedel and Sanfilippo, 1970, p. 534, pl. 11, figs. 5, 6;
Nigrini, 1974, p. 1070, pl. 1L, fig. 2.

Podocyrtis (Podocyrtis) papalis Ehrenberg
(Pl. 3i)

Podocyrtis papalis Ehrenberg, 1847, fig. 2;
1854, pl. 36, fig. 23;
Riedel and Sanfilippo, 1970, p. 533, pl. 11, fig. 1;
Sanfilippo and Riedel, 1973, p. 531, pl. 20, figs. 11–14, pl. 36,
figs. 2, 3;
Nishimura, 1987, p. 727–728, pl. 2, fig. 17;
B¹k, 1995, p. 149, pl. 4, fig. 7;
Sanfilippo and Blome, 2001, p. 215, fig. 10f;
Popova et al., 2002, p. 46, fig. 7H;
Sanfilippo et al., 2003, p. 8, pl. 2, fig. 8;
B¹k and Barwicz-Piskorz 2005, p. 144, fig. 4M, P, Q.

Fam ily AMPHIPYNDACIDAE Riedel 1967
Amphiternis clava (Ehrenberg)

(Pl. 2g)

Lithocampe ? clava Ehrenberg, 1873, p. 238; 1875, p. 76, pl. 4,
fig. 2.
Eucyrtidium clava (Ehrenberg);
Bütschli, 1882, pl. 30, fig. 22.
Lithocampe clava Ehrenberg;
Haeckel, 1887, p. 1507;
Amphiternis clava (Ehrenberg);
Fore man, 1973, p. 430, pl. 7, figs. 16, 17; pl. 9, fig. 2. 

Fam ily EUCYRTIDIIDAE Ehrenberg 1847
Calocycloma ampulla (Ehrenberg)

(Pl. 2j)

Eucyrtidium ampulla Ehrenberg, 1854, pl. 36, fig. 15a–c;
1873, p. 225. 

Calocycloma ampulla (Ehrenberg);
Fore man 1973, p. 434, pl. 1, figs. 1–5, pl. 9, fig. 20;
Nishimura, 1987, p. 721, pl. 3, fig. 2;
B¹k and Barwicz-Piskorz, 2005, p. 144, fig. 5A, B. 

Calocycloma castum (Haeckel)
(Pl. 2l)

Calocyclas casta Haeckel, 1887, p. 1384, pl. 73, fig. 10.
Calocycloma castum (Haeckel);
Fore man, 1973, p. 434, pl. 1, figs. 7, 9, 10';
Nishimura, 1987, p. 721, pl. 3, fig. 1;
Sanfilippo and Blome, 2001, p. 211, fig. 8n, o;
Sanfilippo et al., 2003, p. 6, pl. 1, fig. 19.

Calocycloma sp.
(Pl. 5k)

Eucyrtidium cf. montiparum Ehrenberg
(Pl. 3a)

Eucyrtidium montiparum Ehrenberg, 1875, pl. 9, fig. 11.

Phormocyrtis cubensis (Riedel and Sanfilippo)
(Pl. 3c)

Eucyrtidium cubense Riedel and Sanfilippo, 1971, p. 1594,
pl. 7, figs. 10, 11;
Phormocyrtis cubensis (Riedel and Sanfilippo);
Fore man, 1973, p. 438, pl. 7, figs. 11–12, 14;
Sanfilippo et al., 2003, p. 8, pl. 1, fig. 20;
Hollis, 2007, pl. 2, figs. 15–17.

Phormocyrtis striata striata Brandt
(Pl. 3d)

Phormocyrtis striata striata Brandt, 1935;
In: Wetzel, 1935, p. 55, pl. 9, fig. 12;
Riedel and Sanfilippo, 1970, p. 532, pl. 10, fig. 7;
Fore man, 1973, p. 438, pl. 7, figs. 5, 6, 9;
Sanfilippo et al., 1985, p. 679, fig. 20.1a, b;
Sanfilippo et al., 2003, p. 6, pl. 2, fig. 18;
Hollis, 2007, pl. 2, fig. 12;
B¹k and Barwicz-Piskorz, 2005, p. 145, fig. 6E, F.

Phormocyrtis striata exquisita (Kozlova)
(Pl. 3e, 5g)
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Podocyrtis exquisita Kozlova, 1966;
In: Kozlova and Gorbovetz, 1966, p. 106, pl. 17, fig. 2.
Phormocyrtis striata exquisita (Kozlova);
Fore man, 1973, p. 438, pl. 7, figs. 1–4, 7–8, pl. 12, fig. 5;
Sanfilippo et al., 1985, p. 678, figs. 20, 2a–c;
Liu and Aitchison, 2002, p. 147, pl. 1, fig. 7;
Hollis, 2007, pl. 2, fig. 11.

Phormocyrtis turgida (Krasheninnikov)
(Pl. 5f)

Lithocampe turgida Krasheninnikov, 1960, p. 301, pl. 12, fig. 6.
Phormocyrtis turgida (Krasheninnikov);
Fore man, 1973, p. 438, pl. 7, fig. 10, pl. 12, fig. 6;
Liu and Aitchison, 2002, p. 147, pl. 1, fig. 7;
Sanfilippo et al., 2003, p. 8, pl. 2, fig. 15;
Hollis, 2007, pl. 2, figs. 13, 14.

Fam ily THEOPERIDAE Haeckel 1881
Lychnocanium bellum Clark and Camp bell

(Pl. 2m)

Lychnocanium bellum Clark and Camp bell, 1942, p. 72, pl. 9,
figs. 35, 39;
Riedel and Sanfilippo, 1970, p. 529, pl. 10, fig. 5. 
Lychnocanoma bellum (Clark and Camp bell);
Fore man, 1973, p. 437, pl. 1, fig. 17; pl. 11, fig. 9 ;
Sanfilippo and Blome, 2001, p. 214, fig. 9n';
Sanfilippo et al., 2003, p. 8, pl. 2, fig. 12.
Lychnocanium bellum Clark and Camp bell;
B¹k and Barwicz-Piskorz, 2005, fig. 5L–N.

Lychnocanium cf. carinatum Ehrenberg
(Pl. 2n)

Lychnocanium carinatum Ehrenberg, 1875, p. 78, pl. 8, fig. 5.
Lychnocanium ? carinatum Ehrenberg;
Nishimura 1987, p. 727, pl. 3, figs. 6, 11. 

Lychnocanoma cf. amphitrite Fore man
(Pl. 3j, 5n, o)

Lychnocanoma amphitrite Fore man, 1973, p. 437, pl. 11, fig. 10;
Sanfilippo and Blome, 2001, fig. 9g–j.

Lithochytris archaea Riedel and Sanfilippo
(Pl. 2i)

Lithochytris archaea Riedel and Sanfilippo, 1970, p. 528, pl. 9, 
fig. 7;

Riedel and Sanfilippo, 1971, p. 1594, pl. 7, fig. 13;
Fore man, 1973, p. 436, pl. 2, figs. 4–5;
Nishimura, 1987, p. 726, pl. 3, fig. 9. 

Lithochytris vespertilio Ehrenberg
(Pl. 2h) 

Lithochytris vespertilio Ehrenberg, 1873, p. 239; 1875, pl. 4,
fig. 10.
Lithochytris cheopsis Clark and Camp bell, 1942, p. 81, pl. 9,
fig. 37.
Lithochytris vespertilio Ehrenberg;
Riedel and Sanfilippo, 1970, p. 528, pl. 9, figs. 8, 9;
Fore man, 1973, p. 436, pl. 2, figs. 2, 3; pl. 11, fig. 3;
Sanfilippo, et al., 2003, p. 6, pl. 2, fig. 10.

Fam ily THEOCOTYLIDAE Petrushevskaya 1971
Lamptonium fabaeforme fabaeforme (Krasheninnikov)

(Pl. 3f)

Cyrtocalpis fabaeformis Krasheninnikov, 1960, p. 296, pl. 3,
fig. 11.
Lamptonium (?) fabaeforme fabaeforme (Krasheninnikov);
Riedel and Sanfilippo, 1970, p. 523, pl. 5, fig. 6;
Nishimura, 1987, p. 726, pl. 2, fig. 20.
Lamptonium fabaeforme fabaeforme (Krasheninnikov);
Sanfilippo et al., 1985, p. 674, fig. 18.2;
Hollis, 2007, pl. 2, figs. 18, 19.

Lamptonium fabaeforme constrictum Riedel and Sanfilippo
(Pl. 3g)

Lamptonium (?) fabaeforme (?) constrictum Riedel and
Sanfilippo, 1970, p. 523, pl. 5, fig. 7.
Lamptonium fabaeforme (?) constrictum Riedel and
Sanfilippo;
Fore man, 1973, p. 436, pl. 6, figs. 13, 14;
Nishimura, 1987, p. 726, pl. 2, fig. 21.
Lamptonium fabaeforme constrictum Riedel and Sanfilippo;
Sanfilippo et al., 1985, p. 674, fig. 18.4;
Sanfilippo et al., 2003, p. 6, pl. 1, fig. 16.

Lamptonium sanfilippoae Fore man
(Pl. 3h)

Lamptonium sanfilippoae Fore man, 1973, p. 436, pl. 6, figs.
15, 16;
Sanfilippo et al., 1985, p. 674, fig. 18.5.

Thyrsocyrtis (Thyrsocyrtis) hirsuta (Krasheninnikov)
(Pl. 3o, 5i)
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Podocyrtis hirsutus Krasheninnikov, 1960, p. 300, pl. 3, fig. 16.
Thyrsocyrtis hirsuta hirsuta (Krasheninnikov);
Riedel and Sanfilippo, 1970, p. 526, pl. 7, figs. 8, 9;
Fore man, 1973, p. 441, pl. 3, figs. 3–8, pl. 12, fig. 15. 
Thyrsocyrtis hirsuta (Krasheninnikov);
Aita et al., 1997, pl. 4, figs. 11, 12.
Thyrsocyrtis (Thyrsocyrtis) hirsuta (Krasheninnikov);
Sanfilippo and Riedel, 1982, p. 173, pl. 1, figs. 3, 4;
Sanfilippo et al., 2003, p. 10, pl. 2, fig. 13.

Theocotyle cf. nigriniae Riedel and Sanfilippo
(Pl. 3k)

Theocotyle cryptocephala (?) nigriniae Riedel and Sanfilippo,
1970, p. 525, pl. 6, figs. 5, 6. 
Theocotyle nigriniae Sanfilippo and Riedel, 1982, p. 78, pl. 2,
figs. 1–3;
Sanfilippo et al., 1985, p. 685, figs. 25, 1a–b.
Theocotyle cf. nigriniae Riedel and Sanfilippo;
Aita et al., 1997, pl. 4, fig. 8. 

Theocotylissa auctor Fore man
(Pl. 3l)

Theocotyle (Theocotylissa) auctor Fore man, 1973, p. 441,
pl. 4, figs. 8–10; pl. 12, fig. 13. 
Theocotylissa auctor Fore man;
Sanfilippo and Riedel, 1982, p. 180, pl. 2, figs. 14, 15
Sanfilippo et al., 2003, p.10. pl. 1, fig. 18.

Theocotylissa ficus (Ehrenberg) 
(Pl. 3m)

Eucyrtidium ficus Ehrenberg, 1873, p. 228;
1875, p. 70, pl. 11, fig. 19.
Theocotyle (?) ficus (Ehrenberg);
Riedel and Sanfilippo, 1970, p. 525, pl. 7, figs. 3–5.
Theocotyle (Theocotylissa) ficus (Ehrenberg);
Fore man, 1973, p. 441, pl. 4, figs. 16–20.
Theocotylissa ficus (Ehrenberg);
Sanfilippo and Riedel, 1982, p. 180, pl. 2, figs. 19, 20.l;
B¹k and Barwicz-Piskorz, 2005, p. 146, fig. 6K, L. 

Nassellaria incertae sedis
Sethocyrtis principi Clark and Camp bell 

(Pl. 2k)

Sethocyrtis principi Clark and Camp bell, 1942, p. 75, pl. 7,
figs. 5, 6, 13. 

Sethocyrtis minimus Lipman 
(Pl. 5e)

Sethocyrtis minimus Lipman 1950, p. 61, pl. 2, fig. 7;
Gorbunov, 1979, p. 146, pl. 14, fig. 2a–b. 

Tricolocampe ? sp. 
(Pl. 5m)

Nassellaria sp. 1 
(Pl. 5p)

Radiolarian and agglutinated foraminiferal biostratigraphy of the Paleogene deep-water deposits... 19



20 Wanda Barwicz-piskorz and Jacek Rajchel

P l a t e  1

All fig ures are elec tron scan ning mi cro graphs of Eocene Spumellaria from the Skole Unit

a – Cenosphaera cf. eocenica Clark and Camp bell, loc. Chmielnik, pro file no 1, mid dle Eocene; b – Stylosphaera aff. coronata Ehrenberg, loc. Chmielnik,
pro file no 1, lower Eocene; c – Melitosphaera melitomma Haeckel, loc. Dyl¹gówka, pro file no 9, mid dle Eocene; d – Amphisphaera mi nor (Clark and Camp -
bell), loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; e, f – Pseudostaurosphaera perelegans Krasheninnikov: e – front view, loc. Chmielnik, pro file
no 1, mid dle Eocene; f – back view, loc. Chmielnik, pro file no 1, mid dle Eocene; g – Heliodiscus cf. perplexus Clark and Camp bell, loc. Nowa Wieœ (trench
2), pro file no 5, mid dle Eocene; h, i – Phacodiscus lentiformis Haeckel: h – front view, loc. Chmielnik, pro file no 1, lower Eocene; i – side view, loc.
Chmielnik, pro file no 1, lower Eocene, j – Spongatractus pachystylus (Ehrenberg), loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; k –
Spongoprunum densum Clark and Camp bell, loc. Nowa Wieœ (trench 1), pro file no 6, lower Eocene; l – Spongurus (Spongurantha) spatulaeformis Clark and
Camp bell, loc. Nowa Wieœ (trench 1), pro file no 6, lower Eocene; m – Spongurus (Spongurantha) bilobatus Clark and Campbellm, loc. Nowa Wieœ (trench
1), pro file no 6, lower Eocene; n – Spongasteriscus (Spongasteriscinus) cruciferus Clark and Camp bell, loc. Chmielnik, pro file no 1, lower Eocene
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P l a t e  2

All fig ures are elec tron scan ning mi cro graphs of Eocene Spumellaria (a–e) and Nassellaria (f–n) from the Skole Unit

a – Spongodiscus (Spongocyclia) communis Clark and Camp bell, loc. Hy¿ne, pro file no 7, mid dle Eocene; b – Amphicraspedum prolixum Sanfilippo and
Riedel, loc. Chmielnik, pro file no 1, lower Eocene; c – Amphicraspedum murrayanum Haeckel, loc. Nowa Wieœ (trench 2), pro file no 6, lower Eocene; d –
Lithocyclia aristotelis (Ehrenberg), loc. Hy¿ne, pro file no 7, mid dle Eocene; e – Flustrella concentrica Ehrenberg, loc. Nowa Wieœ (trench 2), pro file no 5, 
mid dle Eocene; f – Bathropyramis quadrata Haeckel, loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; g – Amphipternis clava Ehrenberg, loc.
Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; h – Lithochytris vespertilio (Ehrenberg), loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; i –
Lithochytris archaea Riedel and Sanfilippo, loc. Dyl¹gówka, pro file no 9, lower Eocene; j – Calocycloma ampulla (Ehrenberg), loc. Dyl¹gówka, pro file
no 9, lower Eocene; k – Sethocyrtis principi Clark and Camp bell, loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; l – Calocycloma castum
(Haeckel), loc. Hy¿ne, pro file no 7, lower Eocene; m – Lychnocanium bellum (Clark and Camp bell), loc. Hy¿ne, pro file no 7, lower Eocene; n –
Lychnocanium cf. carinatum Ehrenberg, loc. Hy¿ne, pro file no 7, lower Eocene
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P l a t e  3

All fig ures are elec tron scan ning mi cro graphs of Eocene Nassellaria from the Skole Unit

a – Eucyrtidium cf. montiparum Ehrenberg, loc. Dyl¹gówka, pro file no 9, lower Eocene; b – Buryella clinata Fore man, loc. Przylasek, pro file no 10, lower
Eocene; c – Phormocyrtis cubensis (Riedel and Sanfilippo), loc. £azy, pro file no 12, lower Eocene; d – Phormocyrtis striata striata Brandt, loc.
Chmielnik, pro file no 1, lower Eocene; e – Phormocyrtis striata exquisita Kozlova, loc. Nowa Wieœ (trench 1), pro file no 6, lower Eocene; f – Lamptonium 
fabaeforme fabaeforme (Krasheninnikov), loc. Chmielnik, pro file no 1, lower Eocene; g – Lamptonium fabaeforme constrictum Riedel and Sanfilippo,
loc. Chmielnik, pro file no 1, lower Eocene; h – Lamptonium sanfilippoae Fore man,  loc. Chmielnik, pro file no 1, mid dle Eocene; i – Podocyrtis
(Podocyrtis) papalis Ehrenberg, loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; j – Lychnocanoma cf. amphitrite (Fore man), loc. Dyl¹gówka,
pro file no 9, lower Eocene; k – Theocotyle cf. nigriniae Riedel and Sanfilippo, loc. Bazary, pro file no 11, lower Eocene; l – Theocotylissa auctor Fore man,
loc. Hy¿ne, pro file no 7, mid dle Eocene; m – Theocotylissa ficus (Ehrenberg), loc. £azy, pro file no 12, lower Eocene; n – Theocorys aff. spongoconum
(Kling), loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; o – Thyrsocyrtis (Thyrsocyrtis) hirsuta (Krasheninnikov), loc. Przylasek, pro file no 10,
lower Eocene
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P l a t e  4

All fig ures are elec tron scan ning mi cro graphs of Eocene Spumellaria from the Skole Unit (ex cept p – photo in trans mit ted light)

a, b – Plegmosphaera max ima Haeckel: a – side view, loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; b – in side, loc. Nowa Wieœ (trench 2), pro -
file no 5, mid dle Eocene; c – Conosphaera platyconus Haeckel, loc. Chmielnik, pro file no 1, lower Eocene; d – Conosphaera orthoconus Haeckel, loc.
Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; e – Amphisphaera ? sp., loc. Wólka Hy¿neñska, pro file no 8, mid dle Eocene; f – Stylosphaera cf.
eocenica Gorbovetz, loc. Hy¿ne, pro file no 7, lower Eocene; g – Pseudostaurosphaera ? sp., loc. Dyl¹gówka, pro file no 9, mid dle Eocene; h – Heliodiscus
pentasteriscus Clark and Camp bell, loc. Chmielnik, pro file no 1, mid dle Eocene; i, j – Phacodiscus sp. 1: i – front view, loc. Nowa Wieœ (trench 2), pro file
no 5, mid dle Eocene; j – side view, loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; k, l – Phacodiscus sp. 2: k – front view, loc. Nowa Wieœ
(trench 2), pro file no 5, mid dle Eocene; l – side view, loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; m, n – Lithocyclia ? sp., m – front view, loc.
Chmielnik, pro file no 1, lower Eocene; n – side view, Chmielnik, pro file no 1, lower Eocene; o, p – Spongurus sp., o – front view, loc. Nowa Wieœ
(trench 2), pro file no 5, mid dle Eocene; p – view in trans mit ted light, loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene
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P l a t e  5

All fig ures are elec tron scan ning mi cro graphs of Eocene Spumellaria (a–d) and Nassellaria (e–p) 
from Skole Unit (ex cept b, d – pho tos in trans mit ted light)

a, b – Amphibrachium paleogenicum Gorbunov, a – front view, loc. £azy, pro file no 12, lower Eocene; b – view in trans mit ted light, loc. £azy, pro file
no 12, lower Eocene; c – Flustrella circularis (Clark and Camp bell), loc. Przylasek, pro file no 10, lower Eocene; d – ?Crucella cf. espartoensis Pessagno,
view in trans mit ted light,  loc. Hy¿ne, pro file no 7, lower Eocene; e – Sethocyrtis minimus Lipman, loc. Hy¿ne, pro file no 7, lower Eocene; f –
Phormocyrtis turgida (Krasheninnikov), loc. Dyl¹gówka, pro file no 9, lower Eocene; g – Phormocyrtis striata exquisita (Kozlova), loc. Przylasek, pro file
no 10, lower Eocene; h –. Theocorys cf. anaclasta Riedel and Sanfilippo,  loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; i – Thyrsocyrtis
(Thyrsocyrtis) hirsuta (Krasheninnikov), loc. Dyl¹gówka, pro file no 9, lower Eocene; j – Podocyrtis (Lampterium) cf. mitra Ehrenberg, loc. Nowa Wieœ
(trench 2), pro file no 5, mid dle Eocene; k – Calocycloma sp., loc. Chmielnik, pro file no 1, lower Eocene; l – Artostrobus ? sp., loc. Bazary, pro file no 11,
lower Eocene; m – Tricolocampe ? sp., loc. Nowa Wieœ (trench 2), pro file no 5, mid dle Eocene; n, o – Lychnocanoma cf. amphitrite (Fore man), loc.
Futoma, pro file no 13, mid dle Eocene; p – Nassellaria sp. 1, loc. Futoma, pro file no 13, lower Eocene


