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RADIOLARIANS FROM THE PALEOGENE DEPOSITS, SKOLE UNIT, POLISH CARPATHIANS
JACEK RAJCHEL', WaNDA BARWICZ-PISKORZ? & MicHAt KROBICKI?

Abstract. Preliminary results of the investigation of Radiolarian assemblages from the Paleogene of the Carpathians
Outer Flysch (Polish part) are present. Radiolaria occur mainly in the variegated shales deposited in deep-sea
conditions (bathyal depth). During the Early and Middle Eocene time there existed a radiolarian boom mainly in the
northermost part of the Quter Carpathian basins. Based on about sixty radioiarian species three biostratigraphic
zones was recognized and correlated to agglutinated foraminiferal zones.
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GEOLOGICAL SETTING Kosztowa Sandstone Mbr and Chmielnik Stripped
p g Sandstone Mbr (Fig. 2). In the Paleocene part of this

aleogene Radiolarian assemblages have been oo oo there are Babica Clays. The latter are big
fOUI_1d in the deposng of the Skole Unit area on the lenses of black clayey and muddy cohesive flows with
Polish Flysch Carpathian (Fig. 1). They occurin both the v material from the northern margin of Skole basin
Varfegatgd Shale Fm and the Hieroglyphic Fm (Sajchel, (Rajchel & Myszkowska, 1998a). In the Paleocene part
1990) (Fig. 2). The Paleocene part of the Variegated of the Variegated Shale Fm, the Bircza Lithothamnium
Shale Fm consists of darik-red clayey and muddy  |inectone Bed also occur (Rajchel & Myszkowska,
shales,’the Eocen_e par.t-of_bqght-red and_ green clayey 1998b). It represent a regional correlation horizon of
shales in places with clinoptilolite. The Variegated Shale allodapic limestones. The Hieroglyphic Fm is 130-180 m

Fm is 130-190 m thick in the axial part of Skole Unit. It hick ; les with sandst:
contains intercalations of Boguszéwka Sandstone Mbr, fhick. It consists of green clayey shales with sandstone
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Figure 1 - Position of the area studied in the Polish Carpathians

d Department of General and Mathematical Geology, Faculty of Geology, Geophysics and Environmental Protection, Academy of
Mining and Metallurgy, Mickiewicza 30: 30-059 Krakodw, Poland: e-mail- Jrajchel@geolog.geol.agh.edu.pl

g Department of Stratigraphy and Regional Geology, Faculty of Geology, Geophysics and Environmental Protection, Academy of
Mining and Metallurgy, Mickiewicza 30; 30-059 Krakéw, Poland



J. RAJCHEL, W. BARWICZ-PISKORZ & M. KROBICKI

MENILITIC BEDS

TR Strwiaz Globiaenna Marl Member
Bartkowka Calcerscus Sandstone Member =
- @)
i Skopow Green Shale KMember Poplele *E
a Member =
=
Bachors %
‘ Shale- L
B % Sandstons Q
5 5 Saay'ﬂ T
=z g b g Membe &
wle g % J JreckKows VanegaledShaleBed | | =
= b r.% / fdember 8
© £ i
G L Mienadowsa Marl Member —
o | =
Widaczow Green Shale Member
i = ' L
hmrelrw Stripad Sandstone Membeg
&
3
-

ILosTtowa

Sandstone

2%

ROPIAMKA

Pz alowk
&

PALEOCENE
UPPER

a Lithothamnium Limestone Bed §

VARIEGATED SHALE FORMATION |

Boguszowka
Sandstone Member

FORMATION

Figure 2 - Lithopstratigraphic profile of the Variegated Shale Forma;tion and Hieroglyphic Formation in Skole Unit

intercalations and locally with chert, geize and marl
intercalations. These marls known as Nienadowa Marl
Mbr, are also a correlation horizon and contain very
interesting ichnological assemblages (Rajchel &
Uchman, 1998). In its upper part the Hieroglyphic Fm
contains the Strwiaz Globigerina Marl Mbr which is also
a regional correlation horizon,

Both Formations contain of Radiolaria (Bak et al.,
1997; Rajchel, 1990; Rajchel et al., 1998). Radiolarian
fauna is the most abundant in the middle of the Lower
Eocene part of the Variegated Shale Fm which is called
the Trojca Red Shale Mbr (Fig. 2). This Member
consists of vermilion and brick-red montmorillonite-
clinoptilolite pelagic muds with pyroclastic material
(Wieser, 1969, 1994; Rajchel, 1994). Sometimes the
sediments in the Trojca Red Shale Mbr (up to 30 m
thick) consist predominantly of radiolarian tests. These
sediments represent deposits of lower batial and
abyssal zones, that is the deepest stage of the Skole
Unit basin development which was beneath CCD
(Leszczyniski & Uchman, 1991; Olszewska, 1984). They
suggest a well-oxygenated environment similar to the
recent radiolarian muds sedimentation conditions
(Franus & Rajchel, 1999).
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MICROPALEONTOLOGICAL RESULTS

Micropaleontological samples have been taken from
some dozen sections and some earthworks of
Paleogene deposits. About 80 radiolarian species have
been found in the studied material. Some of them are
stratigraphicaly important but most are long-ranged
(Table 1). Their preparation is rather easy but
preservation is variable,

The quantity and quality changes of distribution of
radiolarians, especially near the Paleocene/Eocene,
Lower/Middle Eocene and Middle/Upper Eocene
boundaries, are important in radiolarian biozonation.
These changes are the base of reconstruction of
paleoceanographical conditions, within northernmost
part of the Carpathian basin, according to the global
paleogeographical and paleoclimatical context (Thomas
& Shackleton, 1996).

The frequency of Foraminifera and Radiolaria are
given beneath: /A/ - abundant, /C/ - common, /F/ - few,
/R/ - rare.



RADIOLARIANS FROM THE PALEOGENE DEPOSITS, SKOLE UNIT, POLISH CARPATHIANS

o

ry Eocene i
i % % 3 — - - {
| ; OWer ! Middle : Upper |
. 5
h S Amphicraspea‘imn nrayanim
] P Amphiptermis clava
e L Spumellaria gen. et sp. indet
i R | Lithocyclia (?) sp.
- O e ms ) Phacodiscus lentiformis
- O . - Phacodiscus sp. 1
= Spumellaria gen. et sp. indet.
il N | Porodiscus circularis
| - . i Porodiscus parvus
ﬁ ) Spongasteriscis cruciferus
L Amphisphaera minor
——te Spongairactus pachystylus
l ¢ . Spongotrochus echinodiscus
# - Spongurus bilobaius
e Stylosphaera aff. coronata
| | - Bathropyramis guadrata
7 | ; Becoma of. bidartensis
Buryella clinata
H | Buryella (7) sp.
| Calocycloma ampulla
i Calocycloma castum
== EE Eusyringium lagena
| — ' Lamptonium f. fubaeforme
SRR Lampionium f. constrictum
' Lamptonium sanfilippoae
] Lithochytris sp.
'- ) Lichrocaniim conicum
L] Lichnocanium bellum
; . Phormocyrteis striata striata
] i Phormocyrteis striata exquisita
: e W B P — Podocyrtis papalis Y
| - Sethochytris vespertilio
] Sethocyrtis principi
= - : Theocorys anapagrapha ()
- ' Theocorys cryptocephala (?)
e N § Theocotylissa ficus
= LR | Theocotyle nigriniae
j i Theocotyle fimbria (7)
—h Lychnocanoma amphitrite
Theocobylissa anctor
=E ! Thyrsocyrtis cf. hirsuta
: Lichnocanium (7) aff. carinatum
; Periphena tripyramis
Cryptaprora ornata
2r| EE - g
RY ) wg ¢ & R
§ & B

Figure 3 - Ranges of some chosen species of the Paleogene Radiolaria according to agglutinated Foraminifera zone
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1. Upper Paleocene

in the Upper Paleocene the radiolarian assemblages
are rather poor. They contain rare specimens of
stratigraphicaly important species: Buryella (7) sp. /R/
(PL I, 18), Calocycloma ampulla (EHRENBERG, 1874)
IR/ (P1. 1, 11), Theocotylissa auctor FOREMAN, 1973 /R/
(PI. 1, 17) and some longer-range species: Cenosphaera
sp. /F/, Theocotylissa ficus (EHRENBERG, 1873) /R/
(PL. 1, 21). This assemblage is impossible to place in one
of known radiolarian zone of Sanfilippo et al. (1985). A
rich association of benthic aggluhnated foraminifera
consisting of: Rzehakina epigona fissistomata
(GRZYBOWSKI, 1901) /F/, R. epigona epigona
(RZEHAK, 1895) /R/, Glomospira diffundens CUSHMAN
& RENZ, 1946 /C/, Nodellum velascoense (CUSHMAN,
1926) /R/, Hormosina ovulum (GRZYBOWSKI, 1901)
{Fl,  Hormosina ovuloides (BRADY, 1879) /F/,
Haplophragmoides  suborbicularis  (GRZYBOWSKI,
1897) /C/, Recurvoides wailteri (GRZYBOWSKI, 1897)
/Fl, Haplophragmoides miatliukae MASLAKOVA, 1955
/CI, Bolivinopsis spectabilis (GRZYBOWSKI, 1897) /C/,
Dorothia crassa (MARSSON,1880) /R/, Kalamopsis
grzybowskii (DYLAZANKA, 1923) /F/ co-occur with
radiolarians. Most of those species of foraminifera are
characteristic for the Paleocene sediments of the Skole
Unit. It is possible to distinguish Rzehakina epigona
fissistomata Zone and Bolivinopsis spectabilis Zone
(Geroch & Nowak, 1984).

2. Lower Eocene

Lower Eocene radiolarian assemblages are rich,
They consist of many stratigraphically important
species: Buryella clinata FOREMAN, 1973 /F/ (PL. |.
12), Phormocyrthis striata striata BRANDT, /C/ (PI. |. 13)
as well as Lithocyclia (?) sp. /C/ (PI. |, 3), Calocycloma
ampulla (EHRENBERG, 1873) /F/ (Pl. I, 11),
Phormocyrthis striata exquisita (KOZLOVA, 1966) /R/,
Calocycloma castum (HAECKEL, 1887) /F/ (PI. I. 10),

Lamptonium  fabaeforme fabaeforme (KRASHE-
NINNIKOV, 1960) /C/ (Pl. 1l, 21), Lamptonium
sanfiippoae FOREMAN, 1973 /F/ (P . 16),

Thyrsocyrtis cf. hirsuta (KRASHENINNIKOV, 1960) /F/.
Besides these species occur: Cenosphaera sp. /A,
Podocyrtis papalis EHRENBERG 1873 /C/ (PI. 1, 23),
Theocotylissa ficus F/ (Pl. 1, 21). These radiolarian
assemblages belong to three radioarian Zones: Bekoma
bidartensis Zone, Buriella clinata Zone and the lower
part of Phormocyrtis strata striata Zone of Sanfilippo et
al. (1985).

The diagnostic agglutinated foraminiferal species
Saccaminoides carpathicus GEROCH, 1955 is also
present as well as many non-characteristic agglutinated
foraminifera: Reophax elongatus GRZYBOWSKI, 1897
F1, Gerochammina tenuis (GRZYBOWSKI, 1897) /F/,
Cystaminella pseudopauciloculata MIJATLIUK, 1970 /F/,
Trochamminoides coronatus (BRADY, 1884) /[A/,
Recurvoides horridus (GRZYBOWSKI, 1897) /C/, and
Glomospira div. sp /A/. This foraminiferal assemblage
belongs to the Saccaminoides carpathicus foraminiferal
zone of Geroch & Nowak (1985),

3. Middle Eocene

in the Middle Eocene two assemblages of Radiolaria
have been distinguished. The lower assemblage is
richer than the upper one. The same deposits contain
the diagnostic foraminiferal species - Reticulophrag-

mium  amplectens (GRZYBOWSKI, 1897) /C/,
Ammodiscus lafus GRZYBOWSKI, 1897 /C/ and
species such as Thalmanammina subturbinata
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(GRZYBOWSKI, 1897) /F/, Recurvoides deflexiformis
NOTH, 1987 [/F/, Trochamminoides coronatus /C/,
Bolivinopsis spectabilis IF/ and Plectina conversa
(GRZYBOWSKI, 1897) /R/.

3. 1. Lower part

The radiolarian assemblage from the lower part of
the Middle Eocene deposits consist of: Phormocyrthis
striata striata /C/, Amphiptermis clava EHRENBERG,
1854 /F/, Bathropyramis quadrata HAECKEL, 1887 IR/
(PL 1, 15), Lithocyclia (?) sp. /A/, Phacodiscus lentiformis
HAECKEL, 1887 /C/ (Pl. Il 5, 6), Amphisphaera minor
(CLARK & CAMPBELL, 1942) /F/ (Pl. I, 14),
Stylosphaera cf. coronata EHRENBERG, 1873 /F/ (P!. |,
7),- Calocyclas cf. hispida /R/, Calocycloma ampulla IF/,
Calocycloma castum [F/, Lamptonium fabaeforme
fabaeforme [C/, Lamptonium fabaeforme constrictum
RIEDEL & SANFILIPPO, 1970 /R/ (Pl I, 18), ,
Lamptonium sanfilippoae IF/, Lithochytris sp. R/,
Lychnoeanium bellum CLARK & CAMPBELL, 1942 /F/
(Pl 1. 20), Sethocyrthis principi CLARK & CAMPBELL,
1942 /R/ (Pl |, 22), Theocotyle cryptocephala (?)
(EHRENBERG, 1873) /R/, Theocorys auctor FOREMAN,

1873 IR/, Theocotyle nigriniae RIEDEL & SANFILIPPO,

1970 /R/ (PL I, 22). This radiolarian assemblage

‘belongs to the upper part of the Phormocyrthis striata

striata Zone and to the Theocorys cryptocephala Zone.

3. 2. Upper part

The radiolarian assemblage from the upper part of
Middle Eocene is a poor one. Besides some
stratigraphical important species such as: Phacodiscus
lentiformis  /C/, Porodiscus circularis CLARK &
CAMPBELL, 1942 /R/, Porodiscus parvus CLARK &
CAMPBELL, 1942 /R/, Amphisphaera minor [F/,
Stylosphaera cf. coronata /F/, Bathropyramis quadrata
IR/, Lamptonium fabaeforme fabaeforme ICl,
Lamptonium  fabaeforme «cf  constrictum IR/,
Phormocyrthis striata striata /F/, Sethochytris vespertilio
(HAECKEL) /R/, Theocotyle cryptocephala ? IR/, some
long-ranged species also occur: Cenosphaera sp. /A/,
Podocyriis papalis /Fl and Theocolylissa ficus /F/. This
assemblage is difficult to assign a radiolarian zone.

There are two diagnostic foraminiferal species -
Reticulophragmium amplectens IC/, Ammodiscus latus

/C/ and some non-characteristic species:
Thalmannammina  subturbinata [F/, Recurvoides
deflexiformis NOTH, 1967 /F/, Trochamminoides

coronatus /C/, Bolivinopsis spectabilis /F/ and Plectina
conversa (GRZYBOWSKI, 1897) /R/.

4. Upper Eocene

In the Upper Eocene radiolarians are rare. Until
present we recorded only: Cenosphaera sp. /R,
Podocyrtis papalis IR/, Phacodiscus fentiformis [F/,
Phacodiscus sp., and one species of Nasselaria. This
poor radiolarian assemblage does not contain diagnostic
species and can not be assign to radiolarian zone.

The radiolarian assemblage co-occur with two
diagnostic foraminiferal species: Cyclammina
rotundidorsata (HANTKEN, 1975) /C/, Ammodiscus latus
GRZYBOWSKI, 1897 /F/ and some other species such
as: Trochamminoides sp., Glomospira irregularis
GRZYBOWSKI, 1897. This assemblage belongs to
agglutinated foraminifera Cyclammina rofundidorsata
Zone.

Radiolaria from the Upper Paleocene to Upper
Eocene deposits have a differentiated lateral distribution
(Morgiel & Szymakowska, 1978). The most abundant
Radiolaria occur in the axial part of Skole basin, but a
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large elongated area without Radiolaria existed also
there. Unlike radiolarians, the distribution of agglutinated
Foraminifera was rather uniform.

DISCUSSION

Paleocene/Eocene variegated shales of the Skole
Unit are part of the same deposits which occur within
the whole Outer Carpathian Flysch and represent a
short, final episode of the Cretaceous-Paleogene
(Cenomanian - Late Eocene) sedimentation of these
multicoloured deposits (Leszczyriski & Malik, 1996 and
references cited therein). Some of them, especially red
shales (e.g., Tréjca Red Shale), represent hemipelagic
deposits, sedimentated in deep-sea basins (bathyal
depths), below CCD level (Leszczyriski & Uchman,
1991; Bak et al., 1997). Paleocene radiolarian fauna is
absent or very rare within the Skole Unit deposits,
contrary to the Eocene, when radiolarians were very rich
(especially in the lower and middle part of the Middle
Eocene), probably as effect of some paleoceanographic
change. The restricted palecenvironmental conditions
during the end of the Paleocene/Early Eocene, reflected
by unfavourable oceanic water (e.g. warm water masses
and their slow conversion - .greenhouse” effect) (Kenett

& Stott, 1991; Kaiho, 1991), rapidly changed during the -

Early/Middle Eocene time, when a radiolarian-boom took
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Radiolaria in the Variegated Shale Formation (uppermost Paleocene - Middle Eocene)

1. Spumellaria gen. et sp. indet. 2. Spumellaria gen. et sp. indet. 3. Lithocyclia (7) sp. - frontal view. 4. Lithocyclia (?) sp. - side
view. 8. Spongurus bilobatus (CLARK & CAMPBELL). 6. Amphicraspedium murrayanum HAECKEL . 7. Stylosphaera aff. coronata
EHRENBERG. 8. Theocorys sp. aff. (?) spongocorum (KLING). 9. Lichnocanium aff. carinatum EHRENBERG. 10. Calocycloma
castum (HAECKEL). 11. Calocycloma ampulla (EHRENBERG). 12. Buryella clinata FOREMAN. 13, Phormocyrtis striata striata
BRANDT. 14. Lithocampe sp. 15. Bathropyramis quadrata HAECKEL. 18. Lamptonium sanfilippoae FOREMAN. 17. Theocotylissa
auctor (FOREMAN).. 18. Lampitonium fabaeforme cf. constrictum RIEDEL & SANFILIPPO. 19. Lychnocanoma amphitrite
FOREMAN. 20. Lychnocanium belium (CLARK & CAMPBELL). 21. Theocolylissa ficus (EHRENBERG). 22. Serhocyms principii
CLARK & CAMPBELL. 23. Podocyrtis papalis EHRENBERG.

Plate Il

Radiolaria in the Variegated Shale Formation (uppermost Paleocene - Middle Eocene)

1. Spumeliaria gen. et sp. indet. 2. Spumellaria gen. et sp. indet. 3. Pseudostaurosphaera perelegans KRASHENINNIKOV - frontal
view. 4. Pseudostaurosphaera perslegans KRASHENINNIKOV - back view. 5. Phacodiscus lentiformis HAECKEL - frontal view. 6.
Phacodiscus lentiformis HAECKEL - side view. 7. Phacodiscus (?) sp. - frontal view. 8. Phacodiscus (?) sp. - side view. 9.
Spongatractus pachystylus (EHRENBERG). 10. Phacodiscus sp. - frontal view. 11. Phacodiscus sp. - side view. 12. Porodiscus sp.
13. Spumellaria gen. et sp. indet. 14. Amphisphaera minor (CLARK & CAMPBELL). 15. Spongurus sp. 16. Periphaena cf.
perplexus CLARK & CAMPBELL. 17. Histiastrum cf. quaternaiis EHRENBERG. 18. Buryella (?) sp. 19. Sethochytris vespertilio
(EHRENBERG). 20. Theocotylissa auctor FOREMAN. 21. Lamptonium fabaeforme fabaeforme (KRASHENNIKOV). 22. Theocotyle
nigriniae RIEDEL & SANFILIPPOQ.
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