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HEDVIGA BYSTRICKÁ*

CALCAREOUS NANNOPLANKTON OF THE MARTHASTERITES 
TRIBRACHIATUS ZONE FROM THE LOWER EOCENE SEDIMENTS

OF SLOVAKIA

(PI. 1 -1

A b s t r a c t :  The Marthasterites tribrachiatus zone of the Lower Eocene,
called the Marthasterites tribrachiatus and Discoaster lodoensis zone by the 
author in her previous works, has been found in several localities of Slovakia. 
In the work presented, assemblages of this zone are for the first time described 
using scanning electron microscopy. Calcareous nannoplankton was obtained 
from the Beloveža beds exposed near the village Malá Domaša (Eastern Slo­
vakia) .

Р е з ю м е :  Нижнеэоценная нанопланктоновая зона с Marthasterites tribrachia­
tus, которую автор статьи до сих пор определял как зону с Marthasterites tri­
brachiatus и Discoaster lodoensis, была уточнена на многих местах Словакии. 
В предлагаемой статье приведены впервые результаты изучений ассоциации 
этой зоны помощью электронного микроскопа. Известковый нанопланктон про­
исходит из беловежских слоев у села Мала Домаша (восточная Словакия).

Introduction

The Lower Eocene m arine sediments contain generally rich and various assemblages 
of calcareous nannoplankton. Several biostratigraphic zones were possible to define 
in them  thanks to the variety of species and the presence of specimens with a short 
Stratigraphie range. Four nannoplankton zones can be found in the Lower Eocene 
M artini’s Standard Stratigraphie Scale (E. M a r t i n i  1971). They are:
NP-10 the Marthasterites concortus zone (author W. W. H a y  1964)
NP-11 the Discoaster binodosus zone (authors H. P. M o h 1 e r, W. W. H a y  1967) 
NP-12 the Marthasterites tribrachiatus zone (authors P. B r ö n n i m a n n. II. S t r a d -  

n e r 1960)
NP-13 the Discoaster lodoensis zone (authors P. B r ö n n i m a n n ,  H.  S t r a d n e r  

(1960)
The last one is placed already on the boundary of the Lower and Middle Eocene 

in the scale.
Different zones, adequate to local situation, have been defined for some regions 

where the criteria used for standard zonation cannot apply because of different 
calcareous nannoplankton evolution. This case is encountered e. g. w ith the Lower 
Eocene assemblages of New Zealand (A. R. E d w a r d s  1971) and the North Atlantic 
(A. T. R a m s a y  1971a, b). There are usually no difficulties with the correlation 
of differently nam ed zones, although the boundaries of the local zones are not identical 
with the ones of the standard scale. However, some authors are of different opinions 
on the Stratigraphie interpretation of the zones. E. g. A. T. R a m s a y  (1971 the North
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Atlantic) places the Discoaster multiradiatus zone on the base of the Lower Eocene, 
although it represents the youngest Paleocene nannoplankton zone in the sense of 
standard zonation and he considers the Discoaster tribrachiatus and Discoaster lodoensis 
zones to be of the Middle Eocene. On the contrary, D. B u k r  у  (1971 the Indian 
Ocean) ranks the Discoaster lodoensis zone to the middle part of the Lower Eocene 
and he considers also the lower part of the overlying Discoaster sublodoensis zone 
which is taken for the Middle Eocene in the S tandard Nannoplankton Zonation of 
M a r t i n i  (1971), to be of the Lower Eocene. S t. G a r t n e r  (1971 Blake Plateau) 
considers the lower part of the M arthast er ites contorlus zone to be of the upper 
Paleocene and he ranks also the lower part of the Chriphragmalithus quadratus zone, 
overlying the Discoaster sublodoensis zone to the Lower Eocene.

The question remains open w hether the non-uniform interpretations of the nanno­
plankton zones are the result of different opinions on the position of the boundary 
between the Paleocene and the Lower Eocene on one hand and the Lower and 
Middle Eocene on the other hand or whether the presence of the same type of 
nannoflora in sediments of different ages gives evidence of its continuous spreading 
to different regions.

Marthasteriles tribrachiatus zone

The Marthasterites tribrachiatus zone is defined as the interval from the first 
occurrence of Discoaster lodoensis B r a m l e t t e  et  R i e d e l  to the last occurrence 
of Marthasterites tribrachiatus (B r a m  1 e 11 e et R i e d e l )  D e f 1 a n d r  e. The 
first data about the occurrence of the assemblages with two index species of the zone 
can be found in the work of M. N. B r a m  1 e 11 e and W. R. R i e d el (1954). They 
described the assemblages of the Lower Eocene of the Lodo Form ation in California 
and the Lower Eocene of the Ram dat Form ation in Trinidad and they pointed to the 
Stratigraphie value of the both species mentioned. In 1960 P. B r ö n n i m a n  and 
H.  S t r a d n e r  found nannoflora of the same type in the Capdevila Form ation of 
Cuba from where they defined the biostratigraphic zone with the type locality (Reparto 
Capri, on west side of the Calzade de Bejucal, between Arroyo Apolo and Arroyo 
Naranjo, La H abana, Cuba, Capdevila Formation).

E. M a r t i n i  (1971) stated following species as common for the zone: Discoaster 
binodosus M a r t i n i .  Marthasterites tribrachiatus ( B r a m l e t t e  et  R i e d e l )  
D e f l a n d r e ,  Discoaster diastypus B r a m l e t t e  et  S u l l i v a n ,  Ellipsolithus 
macellus ( B r a m l e t t e  et S u l l i v a n )  S u l l i v a n ,  Chiasomolithus grandis 
( B r a m l e t t e  et R i e d e l )  H a y  et al. intervening from the underlying zone 
and the following new ones joining them  — Discoaster lodoensis B r a m l e t t e  et 
R i e d e 1, Discoaster barbadiensis T a n  S i n  H o k ,  Discoaster distinctus M a r ­
t i n i ,  Cyclococcolithus formosus K a m p t n e r ,  Discoasteroides kuepperi ( S t r a d ­
n e r )  B r a m l e t t e  et S u l l i v a n .  Neococcolithes dubius ( D e f l a n d r e )  B l a c k  
and Sphenolithus radians D e f l a n d r e .  Stratigraphie range of the zone corresponds 
to the upper part of the Globorotalia formosa zone (P7), the Globorotalia aragonensis 
zone (P8) and the lower part of the Acarinina densa zone (P9) according to W. A. 
Be r  g g r e n (1969). As it follows from the literary data, this zone is world-spread. 
It was found, in addition to the localities mentioned, in Italy  (F. P r o t o  — D e c i -  
m a  1966), Switzerland (W. W. H a y ,  H. P. M o  h l  e r  1965, С. С, К  а р  e 11 o s 
1973), France (E. M a r t i n i  1961), Germ any (E. M a r t i n i  1959, 1960, S. L o c ­
k e r  1972), Denm ark (K. P e r c h  — N i e l s e n  1971), Poland (A. R a d o m s k i
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Plate I

Fig. 1, 2.: Coccolithus sarsiae B l a c k ,  distal wiews. Fig. 1, 10000 X, fig. 2, 8000 X. big. 3.: 
Coccolithus sarsiae B l a c k ,  proximal view, 10 000 X .

1967), USSR (C. C. K a p e l l o s  1973), the North Atlantic (A. T. R a m s a y  1971, 
K. P e r c h  — N i e l s e n  1972) and Blake P lateau (St. G a r t n e r  1971).

Up to the present time the Stratigraphie interval w ith the nannoflora mentioned 
in the territory of Slovakia was called the Marthasterites tribrachiatus and Discocister 
lodoensis zone and it was paralleled with the upper part of the Globorotalia aragonen- 
sis zone (H. B y  s t r  i c k á 1965, O. S a m u e 1 -  U. B y s t r i c k á  1968). From several
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Lower Eeocene localities with the assemblage of this nannoplankton zone, the most 
suitable material for study with the electron microscopy was obtained from strata 
exposed at construction of a road from Malá Domaša to Kelca. They were the Belo- 
veža strata of the Magura flyseh (Exact situation described in the work of H. B y s ­
t r i c k á ,  B. L e s k  о, О. S a m u e l  1970, p. 152). The following species were found 
in the assemblage:
Coccolithus sarsiae B l a c k  
Cyclococcolithus formosus K a m p  t n с г
Chiasmolithus grandis ( B r a m l c t t e  et R i c d с I) H a y ,  M o h 1 e r, W a d e
Cruciplacolithus delus ( B r a m l e t t e  et S u l l i v a n )  P e r c h  — N i e l s e n
Markalius astroporus (S t r a d n e r) H a y et M o h 1 e r
Markalius inversus ( D e f l a n d r e )  B r a m l e t t e  et M a r t i n i
Markalius cf. nudus P e r c h  — N i e l s e n
Coronocyclus sp.
Toweius craticulus Id a v et M o h 1 e r 
Pontosphaera sp.
Transversopontis pulcher ( D e f l a n d r e )  H a y ,  M o h l e r  et W a d e  
Lophodolithus cf. mochloporus D e f l a n d r e  
Helicosphaera seminulum  B r a m l e t t e  et S u l l i v a n  
Helicosphaera sp.
N eococcolithes dubius ( D e f l a n d r e )  B l a c k
Rhabdolithus solus P e r c h — N i e l s e n
Blackites creber ( D e f l a n d r  e) H a у et T o  w e
Zygrhablithus bijugatus ( D e f l a n d r e )  D e f 1 a n d r  e
Discoaster barbadiensis T a n  S i n  II о к
Discoaster distinctus M a r t i n i
Discoaster elegans B r a m l e t t e  et S u l l i v a n
Discoaster lodoensis B r a m l e t t e  et R i e d e l
Discoaster mirus D e f l a n d r e
Discoaster sp.
Discoasteroides kuepperi (S t r a d n e r) B r a m l e t t e  et S u l l i v a n  
Marthasterites tribrachiatus ( B r a m l e t t e  et R i e d e l )  D e f l a n d r e

Prevailing components of the assemblage are two leading species: Discoaster lodo­
ensis B r a m l e t t e  et R i e d e l  and Marthasterites tribrachiatus ( B r a m l e t t e  
et R i e d e l )  D e f l a n d r e .  Discoaster minis D e f l a n d r e  and Discoaster bar­
badiensis T a n  S i n  H o k  are also quite numerous. Coccolithus sarsiae В 1 а с к 
and Toweius craticulus are the most common from the placoliths.

Systematic Paleontology

Family Coccolitliaceae K a m p l n e r, 1929 
Genus Coccolithus S c h w a r z, 1894 

Coccolithus sarsiae B l a c k ,  1962 
(pi. 1, fig. 1, 2, 3, pi. 11, fig. 4)

1962 Coccolithus sarsiae n. sp. — M. B l a c k :  Fossil Coccosphaeres etc., p. 125, pi.
8, fig. 2, pi. 9, fig. 2 - 6 .

1964 Coccolithus muiri n. sp. — M. B l a c k :  Cretaceous and Tertiary Coccoliths etc., 
p. 309, pi. 50, fig. 3, 4.
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Plate  II

Fig. 1.: Chiasm olithus grandis (B r  a m  1 e 11 e et R i e d e l )  II  a y,  M o h l  e r, W a d e ,  
p rox im al view , 5500 X . Fig. 2.: M arkalius n u dus  P e r c h - N i e l s e  n, p rox im al view , 

20 000 X . Fig. 3.: Coronocyclus sp., d islal view , 10 000 X .

1964 Erisconia ovalis nov. spec. — M. B l a c  k ibidem, p. 309, pi. 52, fig. 5, 6.
D e s c r i p t i o n .  Coccolithes are of a broad oval shape, different sizes. The distal 

disc consists of ;! 1 40—45 oblong plates slightly dextrally imbricate. The central
area is large, more than 2/3 the diametre of the coccolith. fe -  depth varies. It is filled

15
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with irregular oval granules or long, narrow, radial plates. The proximal disc is 
smaller, about 5/7 the diametre of the one. In it, three conccntricaly placed rims are 
visible. The inner one is from irregular granules and fills the central area. The middle 
one is from oblong plates lying close together and radially arranged. The third, outer 
rim is from strongly imbricate plates that include with the elements of the middle rim 
an angle about 45 degrees.

S t r a t i g r a p h i e  r a n g e :  The Lower Eocene — the Oligocene.

Genus Cyclococcolithus K a m p t n e r ,  1954 
Cyclococcolithus formosus K a m p t n e r ,  1963 

(pi. 9, fig. 6)

1963 Cyclococcolithus formosus nov. spec. — E. K a m p t n e r :  Coccolithineen —
Skelettreste etc., p. 163, pi. 2, fig. 8, textfig. 20.

1964 Coccolithus lusitanicus sp. nov. — M. B l a c k :  Cretaceous and Tertiary Cocco- 
liths etc., p. 308, pi. 50, fig. 1, 2.

1966 Cyclococcolithus lusitanicus ( B l a c k )  — W. W.  H a v ,  II. P. M o h 1 e r, M. E. 
W a d e :  Calcareous nannofossils etc., p. 390, pi. 7, fig. 3—6.

1971 CyclococcoUthina formosa ( K a m p t n e r )  W i 1 c o x o n — J. Л. W i 1 c o x o n:
Cyclococcolithina W i 1 c o x o n nom. nov. etc., p. 82.

1973 Coccolithus sarsiae B l a c k  — C. C. K a p e l l o s :  Biostratigraphie des Gurnigel- 
flysches, p. 105, pl. 30, fig. 1, pl. 33, fig. 6.

1973 Coccolithus formosus ( K a m p t n e r )  W i s e, n. comh. — S. W. W i s e :  Cal-
cardeous Nannofossils etc., p. 593, pl. 4, fig. 1—6.

1967 Cyclococcolithus lusitanicus ( B l a c k )  H a y, M o h 1 e r, W a d e  — M. N. 
B r a m 1 e 11 e, J. A. W i l c o x o n :  Middle Tertiary Calcareous Nannoplankton 
etc., p. 103, pl. 3, fig. 16, 17.

D e s c r i p t i o n .  Round placoliths were relatively numerous in the assemblage 
studied. The distal disc is from 50 narrow, slightly dextrally imbricate elements. The 
central area is large, about 3/5 — 2/3 the diametre of the placolith. It is filled narrow, 
long, radially arranged plates overlapping the elements of the distal disc with well
preserved specimens. The central opening is small, roud and occupies about 1/8 of the
placolith.

In the material studied, we were not successful in obtaining electron micrographs 
of the proximal side with well preserved microstructure. There are two concentric, 
rather indistinct rims from oblong elements including with neighbouring rims elements 
an angle of about 90 degrees, on the proximal disc which is a bit smaller than the 
distal one.

S t r a t i g r a p h i e  r a n g e :  The Lower Eocene — the Lower Oligocene. Still rare 
in the Lower Eocene and not mentioned in all Lower Eocene localities.

Genus Chiasmolithus H a y ,  M o h 1 e r, et W a d e ,  1966 
Chiasmolithus grandis ( B r a m l e t t e  et R i e d e l ,  1954) H a y, M o h 1 e r et

W a d e ,  1966 
(pl. 2, fig. 1)

1954 Coccolithus grandis B r a m l e t t e  et R i e d e l ,  n. sp. — M. N. B r a m 1 e 11 e, 
W.  R. R i e d e l :  Stratigraphie Value of Discoaster etc., p. 391, pl. 38, fig. la , b. 

1966 Chiasmolithus grandis — W. W. H a y ,  H. P. M o h 1 e r, M. E. W a d e :  
Calcareous Nannofossils etc., p. 388.
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Plate III

Fig. 1, 2.: Helicosphaera sem inulum  B r a m l e t t e  et S u l l i v a n .  Fig. 1, proximal view , 
8000 X , fig. 2, distal view , 7000 X . Fig. 3.: Cruciplacolithus delus ( B r a m l e t t e  et 

S u l l i v a n )  P e r c h  — N i e l s e n ,  proxim al view , 10 000 X .

1970 Chiasmolithus grandis ( B r a m l e t t e  et Pi i e d e 1) G a r t n e r ,  n. comb. — 
St. G a r t n e r  J r .: Phylogenetic Lineages etc., p. 944, pi. 11, fig. 3, pi. 14, 
fig. 1—3.

D e s c r i p t i o n .  The large, broad oval species is easy to identify with the light 
as well as the electron microscope. The specimens from the locality studied were partly  
broken, partly  calcite overgrown, but their m icrostructure was not wholly covered.



2 8 0 BYSTRICKÁ

The overlapping margin of the distal disc formed by a num ber (according to 
K. P e r c l i  — N i e l s e n  1971, even by a hundred) of narrow, partly  dextrallv 
imbricate elements is wisible in the electron micrograph of the proximal side. Two 
rims are distinguishable on the proximal disc. The inner one is broader, from oblong 
elements and the outer one is narrower, from oblong elements orientated in the opposite 
direction. The central area is filled with very small granules forming four broad thorns 
in the central opening in the direction of the placolith axes, which is the typical 
feature of the species. The large central opening is spanned with a broad X-shaped 
crossbar. The crossbar is covered with two rows of narrow, alternately placed plates 
on the proximal side. Our species preserved only slight rem nants of the fine grille
in the central opening. They are the edge to the central opening and the crossbar.

S t r a t i g r a p h i e  r a n g e :  The Lower and Middle Eocene.

Genus Ci'uciplacolithus II a y  et M o h I e r, 1967
Cruciplacolithus delus (B r a m 1 e 11 e et S u l l i v a n  1961)

P e r c h  — N i e l s e n ,  1971 
(pi. 3, fig. 2)

1961 Coccolithus delus B r a m l e t t e  et S u l l i v a n ,  n. sp. — M. N. B r a m 1 e 1 1 e, 
F. B.  S u l l i v a n :  Coccolithophorids and Belated Nannoplankton etc., p. 151, 
pi. 7, fig. 1 a—c, 2 a—b.

1961 Cyatosphciera crux (D e f 1 a n d r e et F e r  t) — W. W. H a y ,  K.  M.  T o w e :  
Electronmicroscopic Exam ination etc., p. 507, pi. 2, fig. 1.

1967 Coccolithus delus ( B r a  m 1 e 11 e et S u l l i v a n  1961) — K. P e r c h  — N i e l ­
s e n :  Nannofossilien aus dem Eozän, etc., p. 22, 23, pi. 1, fig. 1—3.

1967 Campilosphaera dela ( B r a m l e t t e  et S u l l i v a n )  — W. W. II a y, H. P.
M o  h l  e r :  Calcareous N annoplankton etc., p. 1531, pi. 198, fig. 14.

1971 Cruciplacolithus delus ( B r a m l e t t e  et S u l l i v a n  1961) n. comb. — 
K. P e r c h  — N i e l s e n :  Elektronenmikroskopische Untersuchungen etc., p. 22, 
pi. 13, fig. 7, 8.

D e s c r i p t i o n .  Strong inclination in the longer axis direction, unusual with the 
Coccoliths, caused this species with the typical features of the genus Cruciplacolithus 
being ranked to different genera. Two rims from very narrow, slightly sinistrally 
inclined plates are visible on the proxim al disc. The outer rim  forms the disc itself, 
while the inner one belongs to the central area. The central opening is large, about 
1/2 the diametre of the placolith. The cruciform central crossbar situated in the 
direction of the placolith axes is narrow and it seems to be composed from oblong, 
narrow plates imbricate towards the central opening circumference. Tlie distal disc 
is a bit larger than  the proxim al one and it is from the same num ber of plates 
sinistrally imbricate.

S t r a t i g r a p h i e  r a n g e :  The U pper Paleocene — the Lower Eocene.

Genus Markalius B r a m l e t t e  et M a r t i n i ,  1964
Markalius inversus (D e f 1 a n d r  e, 1954) B r a m l e t t e  et M a r t i n i ,  1964

(pl. 11, fig. 5)

1954 Cyclococcolithus leptoporus var. inversus Defl. n. v. — G. D e f l a n d r e ,  
C. F e r t :  Observations sur les Coccolithophorids etc., p. 150, pl. 9, fig. 4, 5.
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Pla te  IV

Fig. 1, 2.: Tow eius craticulus H a y  et M ö h l e r .  Fig. 1, d istal view , fig. 2, p rox im al view , 
10 ООО X . Fig. 3, 4.: R habdo lithus solus P e r c h  — N i e l s e n .  Fig. 3, 6000 X , fig. 4,

5000 X (ТЕМ).

1964 Markalius inversus (D e f 1 a n d r e) — M. N. B r a m 1 e 11 e, E. M a r t i n i :  
The Great Change in Calcareous Nannoplankton Fossils etc., p. 302, pi. 2, fig. 
4—9, pi. 7, fig. 2a—b.

1971 Markalius inversus (D e f l a n d r e  1954) B r a m l e t t e  et M a r t i n i  1964, 
K. P e r c h  — N i e l s e n :  Elektronmikroskopische U ntersuchungen etc., p. 24, 
pl. 2, fig. 6, 7 — Cum syn.
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D e s c r i p t i o n .  All the electron micrographs obtained show the proximal side 
of the placolith. The proxim al disc and the narrow stripe of the slightly larger distal 
disc are visible in them. They are both relatively thick and lie close one on the 
other. They are of the same num ber (27—36) of wedge-shaped, close together placed 
plates. It is visible on the proxim al disc that although they are concentrated to the 
central opening, they are not wholly radially oriented, but they are slightly si- 
nistrally inclined. The central opening is about 1/3 the diametre of the proximal disc, 
but it can be a bit smaller or larger. It is covered with a plate, the microstructure 
of which is not quite distinct with our specimens. The finds of this species in our 
localities confirmed the assertion of K. P e r c h  — N i e l s e n  (1971), tha t the Paleo­
gene specimens are of a smaller size than  the Cretaceous ones.

S t r a t i g r a p h i e  r a n g e :  The U pper Certaceous — the Upper Eocene.

Markalius nudus P e r c h  — N i e l s e n ,  1971 
(pi. 2, fig. 2)

1971 Markalius nudus n. sp. — K. P e r c h  --  N i e l s e n :  Elektronenmikroskopische 
Untersuchungen etc., p. 24, pi. 2, fig. 4, 5, pi. 60, fig. 15.

D e s c r i p t i o n .  A small, round placolith is composed from two discs. The distal 
one is a bit larger than  the proxim al one. Both are from, the same number, about 40, 
of plates. The plates are narrow, wedge-shaped, placed close together and radially 
arranged. The central opening is about 1/3 the diametre of the proximal disc. It is 
coverd with a grille from irregular granules tha t originated from the ends of the 
proxim al disc plates. Our specimens with their smaller sizes and greater num ber of the 
plates differ from the typical species.

S t r a t i g r a p h i e  r a n g e :  Up to the present time described only from the
Danish Lower Eocene by  the author of the species.

Genus Coronocyclus H a y ,  M o  h i e r  et W a d e  1966 Coronocyclus sp.

D e s c r i p t i o n .  A round species from a circumference rim  enclosing a large 
central opening. The circumference rim  is from two close together lying layers of the 
same size which are connected by  a vertical, narrow pipe. Both layers consist of the 
same num ber, about 60, of narrow, vertical plates tha t are knee-bent in the middle in 
such a way, tha t the part round the central opening is in the horizontal position 
while the circumference part is bent up. The central pipe is from discreet irregular 
granules.

Fam ily Prinsiaceae H a y  et M o h l e r ,  1967
Genus Toweius Н а у  et M o h l e r ,  1967

T oweius craticulus H a v  et M o h l e r .  1967
(pi. 4, fig. 1, 2, pi. 8, fig. 5)

1067 Toweius craticulus n. sp. — W. W. H a y ,  H.  P.  M o h l e r :  Calcareous Nanno-
plankton etc., p. 1530, pi. 196, fig. 7—9, pi. 197, fig. 2, 3.

1971 Toweius craticulus H a y  et M o h l e r  1967 — K. P e r c h  — N i e l s e n :
Elektronenmikroskopische Untersuchungen etc., p. 32, pi. 18, fig. 1—7,7.

D e s c r i p t i o n .  A broad oval, almost round species. The distal disc is from
three rims. The lower one, the broadest, is cut-cone-shaped. It is from about 45—50
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Plate  Y

Fig. 1. : Ponlosphaera sp., p rox im al view , 10 ООО X . Fig. 2.: Transversoponitis pulcher  
(D e f 1 a n d r  e) H a y ,  M o h l e r  et  W a d e ,  p rox im al view , 10 ООО X . Fig. 3.: Zygrhab- 
lithus bijugatus  ( D e f l a n d r e )  D e f l a n d r e ,  7000 X . Fig. 4.: Neococcolithes dub ius  
(D e f  l a n d r e )  )B 1 а с к, d istal view , 5000 X . Fig. 5.: Ilclicosphaera sem in u lu m  B r a  m- 

l e t t e  et  S u l l i v a n ,  p rox im al view , 4000 X .

narrow plates lying close together. The middle rim  is the narrowest. It is from wedge- 
shaped plates dextrally imbricate and forming a serrate margin. The upper rim  is 
about 2.5 times broader than the middle one. It is from long, narrow, radially arranged 
plates. The proxim al disc is about 1/3 narrower than the distal one. It is slightly
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convex. It consists of a layer of narrow, wedge-shaped plates lying close together. 
In some cases, a narrow rim from granules alternating with plates can be distinguished 
on its outer circumference. The central opening is about 1/3 the diametre of the 
proximal disc, or it is larger. It is covered with a grille of found, regularly placed 
openings. The openings are very discreet, most probably calcite overgrown with our 
specimens.

S t r a t i g r a p h i e  r a n g e :  The Upper Paleocene — the Lower Eocene.

Family Pontosphaeraceae L e m m e r m a n n, 1908
Genus Pontosphaera L o h m a n n ,  1902

Pontosphaera sp.
(pi. 5, fig. 1)

D e s c r i p t i o n .  An oval species with a high margin wall. The wall is from very 
narrow, sinistrally inclined plates. The central field is overgrown by a layer covering 
its microstructure. A serrate drawing on the circumference, however, indicates that the 
central plate consists of radially arranged, narrow elements. Other details, like pores,
the central suture, etc. were impossible to distinguish.

The whole shape of the coccolith does not eliminate the possibility of its being
a replaced representative of the genus Parhabdolithus.

Genus Transversopontis H ay , M o h l e r et '"W a d e, 1966
Transversopontis pulcher ( D e f l a n d r e ,  1954) H a y ,  M o  h i e r  et W a d e ,  1966

(pi. 5, fig. 2)

1954 Discolithus pulcher Defl., cent. nov. — G. D e f 1 a n d r e, C. F e r t: Observations 
sur les Coccolithoporides etc., p. 142, pi. 12, fig. 17. 18.

1966 Transversoponits pulchra ( D e f l a n d r e )  — W. W.  H a y ,  H. P. M o h 1 e r, 
M. E. W a d e :  Calcareous Nannofossils etc., p. 39:1, pi. 8, fig. 5.

1971 Transversoponits pulcher ( D e f l a n d r e  1954) H a y  et al. 1966 — K.
P e r c h  — N i e l s e n :  Elektronenmikroskopische Untersuchungen etc., p. 39, 
pi. 28, fig. 6, pi. 31, fig. 23, pi. 32, fig. 5, 6.
All the electron micrographs obtained show the basal side.

D e s c r i p t i o n .  An oval species with the axes relation about 5 : 3 has the basal 
side from radially arranged plates. The oval central opening, about 1/2 o í tlie basal 
side, is spanned with a crossbar in the direction of the shorter axis. The crossbar 
is quite distinctly visible to consist of two plates comming from the margin part and 
meeting in the middle of the central opening, forming an oblique suture. The crossbar 
splits the central opening into two large semicircle openings. The serrate sculpture 
visible mainly with the light microscope, was not found with our specimens.

The wall is relatively high. It is from narrow, sinistrally orientated and obliquely 
inclined plates.

S t r a t i g r a p h i e  r a n g e :  The Lower Eocene — the Lower Oligocene.

Genus Lophodolithus D e f 1 a ndre, 1954 
(pi. 10, fig. 3)

1954 Lophodolithus mochlophorus Defl., cent. nov. — G. D e f l a n d r e ,  C. F e r t :  
Observations sur les Coccolithophoridés etc., p. 145, pi. 12, fig. 20—23, textfig. 

6 9 -71 .
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Pla te  VI

Fig. 1, 2.: M arthasterites tribrachiatus (B r  a m  1 e 11 e et 11 i e d e 1) D e f 1 a n d г e. Fig. 1, 
10 ООО X. fig. 2, 2500 X . Fig. 3, 4: W atznaueria  bam esal ( B l a c k )  P e r c h  — N i e l s e n ,  

rew orked specim ens. 5000 X . Fig. 5.: Helicosphaera  sp., d istal view , 9000 X.

D e s c r i p t i o n .  From  the m aterial studied, only one electronmicrograpli was 
obtained of the basal side of a species the diagnostic features of which adm it its 
being ranked to the species Lophodolithus mochlophorus. The “shell” is egg-shaped, 
which is typical- for the genus Lophodolithus. The wall is from narrow, slightly 
sinistrally inclined plates. They are curved at the central opening circumference and
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form the inner side of the wall, too. The central crossbar is placed on the central 
opening base (i. e. near the distal side) and is shifted towards the broader end of the 
“shell” . Its m icrostructure is not distinct with the specimen micrographed. The small 
size of our specimen, about 5 g, when compared with typical ones, reaching even 
15 g, is not typical.

S t r a t i g r a p h i e  r a n g e :  The Lower and Middle Eocene.

Genus Helicosphaera K a m p t n e r, 1954 
(Syn. Ilelicopontosphaera H a y  et M o h l  e r, 1967)

Helicosphaera sem inulum  B r a m l e t t e  et S u 11 i v a n, 1961 
(pi. 3, fig. 1, 2, pi. 5, fig. 5)

1951 Helicosphaera sem inulum  seminulum  В r a m l e t t e  and S u l l i v a n ,  new 
subspecies — M. N. B r a m l e t t e ,  F. R.  S u l l i v a n :  Coccolithophorids and 
Related N annoplankton etc., p. 144, pi. 4, fig. l a —c, 2.

1970 Ilelicopontosphaera seminulum  ( B r a m l e t t e  et S u l l i v a n )  n. com. — P. H. 
R o t h :  Oligocene Calcareous Nannopllankton Biostratigraphy, p. 863.

D e s c r i p t i o n .  A large, broad oval species with two large semicircular openings 
in the central area. The spirally rolled marginal part of the proxim al side is distinctly 
visible to consist of long narrow radially oriented plates. The central opening is 
spanned w ith a wide crossbar in the direction of the shorter axis. It is from two close 
together lying plates. The microstructure of the plates is not distinct with the specimens 
studied.

The distal side is from small granules visible also on the distal side of the central 
crossbar.

S t r a t i g r a p h i e  r a n g e :  The Pal eocene — the Lower Oligocene.

Helicosphaera sp.
(pi. 6, fig. 5)

D e s c r i p t i o n .  A big, relatively narrow oval species. The margin walls are 
narrow, composed by  narrow plates. The distal side is covered w ith irregular, more or 
less concentrically placed granules. The term inal flange is angular and extends in two 
blunt thorns. The central crossbar is of the same microstructure as the distal side and it 
splits the central opening into two semielliptic windows. The specimen differs from 
the known Paleogene ones by the narrow margin wall and the angular double-serrate 
term inal flange.

Fam ily Zygodiscaceae H a y  et M o h 1 e r, 1967 
Genus N eococc.olithes S u j k o w s k  i, 1931 

Neococcolithes dubius (D e f 1 a n d r e, 1954) В 1 а с к, 1967 
(pi. 5, fig. 4)

1954 Zygolithus dubius Defh, cent. nov. — G. D e f 1 a n d r e, C. F e r  t: Observations 
sur les Coccolithophoridés etc., p. 149, textfig. 43, 44, 68.

1964 Chiphragmalithus dubius ( D e f l a n d r e )  — F. Pl. S u l l i v a n :  Lower Tertiary 
Nannoplankton etc., p. 179, pl. 1, fig. 2.

1967 Neococcolithes dubius ( D e f l a n d r e )  nov. comb. — M. B l a c k :  New Names 
for Some Coccolith Taxa, p. 143.
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Plate VII

Fig. 1, 2.: Discoasler barbadiensis T a n  S i n  H o  k. Fig. 1, distal view , 7000 X . Fog. 2,
proximal view , 4500 X. Fig. 3.: Discoaster sp., probably the central part of Discoaster
lodoensis B r a m l e t t e  et R i e d e l ,  4250 X . Fig. 4.: Discoaster distinctus  Martini,
proximal view, 9000 X . Fig. 5.: Discoaster sublodoensis B r a m l e t t e  et S u l l i v a n ,

proxim al view , 5000 X .

D e s c r i p t i o n .  Despite strong contam ination it was possible to distinguish the 
following typical features of the species in the m aterial studied: The wide oval 
circumference rim from narrow, oblique plates and the central crossbar of the broad 
IT shape.
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S t r a t i g r a p h i e  r a n g e :  The Paleocenc — the Eocene.

Fam ily Rhabdosphaeraceae L e m m e r  m a n n, 1908 
Genus Blachites H a y  et T о w e, 1962, emend. S t r a d n e r ,  1968 

Blackiles creber ( D e f l a n d r e ,  1954) S t r a d n e r  et E d w a r d s ,  1968
(pi. 10, fig. 2)

1954 Rhabdolithus creber Defl. cent. nov. — G. D e f l a n d r e ,  C. F e r t :  Observa­
tions sur les Coccolithophoridés etc., p. 158, pi. 12, fig. 31—33, textfig. 81, 82. 

1961 Rhabdosphaera crebra ( D e f l a n d r e )  — M.  N.  B r a m l e t t e ,  F.  R.  S u I I i- 
v a n :  Coccolithophorids and related Nannoplankton etc., p. 146, pi. 5, fig. 1—3. 

1968 Blackites creber ( D e f l a n d r e )  nov. com. — IT. S t r a d n e r ,  A. R.  Ľ d- 
w a r d s :  Electron-Microscopic Studies etc., p. 29.

D e s c r i p t i o n .  The electron-micrograph shows a side wiew of the specimen. The 
m icrostructure of the basal disc is not distinct. The collar is about У2 smaller than 
the basal disc. It consists of very small vertical plates, S-bent in the middle. The 
central process is a bit narrower than the collar and is of the same thickness almost 
along its whole length. И gradually narrows into a round point at the distal end. It is 
covered with tabular plates of indistinct arrangement.

S t r a t i g r a p h i e  r a n g e :  The Lower and Middle Eocene.

Genus Rhabdolithus K a m p t n e r ,  1953 
Pihab doliti ms solus P e r c h  — N i e l s e n ,  1971 

(pi. 4, fig. 3, 4)

1971 Rhabdolithus solus n. sp. — K. P e r c h  — N i e l s e n :  Elektronenmikroskop­
ische Untersuchungen etc., p. 52, pi. 45, fig. 10—13, pi. 61, fig. 36—38.

D e s c r i p t i o n. A specimen of a small round basal disc and a large club-shaped 
stem. On the basal disc, about 40 radially arranged narrow plates are visible. The 
club-shaped stem is from oblong laths spirrally arranged. The shape and the arran­
gement of the laths are typical for the species.

S t r a t i g r a p h i e  r a n g e :  Up to now known only from the Danish Lower
Eocene from the Marthasterites tribrachiatus zone.

Fam ily Calyptrosphaeraceae B u o d r e a u  x et IT a y, 1969 
Genus Zygrhablithus D e f l  a n d r e, 1959 

Zygrhablithus bijugatus ( D e f l a n d r e ,  1954) D e f l a n d r e ,  1959
(pi. 5, fig. 3)

1954 Zygolithus bijugatus Defl. cent. nov. — G. D e f l a n d r e ,  C. F e r t :  Observa­
tions sur les Coccolithophoridés etc., p. 149, pi. 11, fig. 20, 21, textfig. 59.

1954 Rhabdolithus costatus Defl. cent. nov. — G. D e f l a n d r e ,  C. F e r t :  Ibidem, 
p. 154, pi. 11, fig. 8—11, textfig. 41, 42, 7 0 -7 9 .

1959 Zygrhablithus bijugatus (Defl.) — G. D e f l a n d r e :  Sur les nannofossiles
calcaires etc., p. 135.

1971 Zygrhablithus bijugatus D e f l a n d r e  1959 — K. P e r c h  — N i e l s e n :  
Elektronenmikroskopische Untersuchungen etc., p. 58, fig. 7—9, pi. 59, fig. 10. 
Cum. syn.
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P late  V III

Fig. 1, 2.: Discoaster lodoensis B r a m l e t t e  et  R i e d e l .  Fig. 1, d istal view , 4000 X.
Fig. 2, p rox im al view , 3000 X . Fig. 3, 4.: Discoastěr m in is  De f l a n d r e ,  d istal views.

Fig. 3, 3500 X . Fig. 4, 5500 X .

D e s c r i p t i o n .  The m icrostructure of the basal rim  part is not distinct. A thick
stem grows from the basal rim. It is of the same width along its whole length and 
it is semicircularly rounded at its distal end. The lengthwise suture is conspicuous. The 
holococcolitli m icrostructure is visible only at the stem base.

S t r a t i g r a p h i e  r a n g e :  The Upper Paleogene? — the Lower Oligocene.
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Fam ily Discoasteraceae T a n  S i n  H o  k, 1927 
Genus Discoaster T a n  S i n  H o  k, 1927 

Discoaster barbadiensis T a n  S i n  H o k ,  1927 
(pi. 7, fig. 1, 2)

1927 Discoaster Barbadiensis nov. spec. typ. — T a n  S i n  H o k :  Over de samen- 
stelling etc., p. 119.

1927 Discoaster Barbadiensis, var. Bebalaini — T a n  S i n  H o k :  Ibidem, p. 119, 
pi. 2, fig. 4.

1971 Discoaster Barbadiensis T a n  S i n  H o k ,  1927 — K. P e r c h  — N i e l s e n :  
Elektronenmikroskopische Untersuchungen et., pi. 61, pi. 51, fig. 5 — cum. syn. 

1971 Heliodiscoaster barbadiensis ssp. barbadiensis — B. P r i n s :  Speculations on 
Relation etc., p. 1021, pi. 3, fig. 2.

D e s c r i p t i o n .  Asteroliths are distally convex and composed by  10—13 rays. 
A flat flower-shaped knob is placed in the middle of the distal side. The asterolith rays 
are not radial, bu t slightly dextrally inclined. A conspicuous, relatively long stem 
grows from the middle of the the proxim al side.

S t r a t i g r a p h i e  r a n g e :  The Upper Paleocene — the Middle Eocene.

Discoaster distinctus M a r t i n i ,  1958 
(pi. 7, fig. 4)

1959 Discoaster distinctus n. sp. — E. M a r t i n i :  Discoasteriden und verwandte
Form en etc., p. 363, pi. 4, fig. 17a, b.

1971 Agalmatoaster distinctus — B. P r i n s :  Speculations on Relations etc., p. 1023, 
pi. 4, fig. 33.

1971 Discoaster distinctus M a r t i n i ,  1958 — K. P e r c h — N i e l s e n :  Elektro­
nenmikroskopische Untersuchungen etc., p. 63, pi. 52, fig. 5, pi. 53, fig. 1.

D e s c r i p t i o n .  The most of the specimens studied is of 6 rays. Despite the 
overgrowing calcite layer, the diagnostic features of the species are visible — the deep 
narrow cut at the rays ends and the broad nodes. The conspicuous, high knob from 
radially arranged crystals is placed in the middle of the asterolith.

S t r a t i g r a p h i e  r a n g e :  The Lower — Upper Eocene.

Discoaster elegans B r a m l e t t e  et S u l l i v a n ,  1961 
(pi. 9, fig. 1, 2)

1961 Discoaster elegans B r a m l e t t e  et S u l l i v a n ,  new species — M. N. B r a m- 
1 e 11 e, F. R. S u l l i v a n :  Coccolithophorids and Related N annoplankton etc., 
p. 159, pi. 11, fig. 16a, b.

1961 Discoaster stradneri n. sp. — E. M a r t i n i :  Nannoplankton aus dem Tertiär 
etc., p. 10, pi. 2, fig. 22, pi. 5, fig. 52.

D e s c r i p t i o n .  10—12 rayed asteroliths are very similar to Discoaster barba­
diensis T a n  S i n  H o k ,  from which they differ only by their transverse ribs on the 
rays. A robust long stem from wedge-shaped collumns is placed in the middle of the 
proxim al side.

S t r a t i g r a p h i e  r a n g e :  The Lower and Middle Eocene.
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P la te  IX

Fig. 1, 2.: Discoaster elegans B r a m l e t t e  et  S u l l i v a n ,  p ro x im al view , 5000 X . Fig. 3, 
4.: Discoasteroides kuepperi (S t  r  a n d e г) B r  a m l e t t e  et  S u l l i v a n .  Fig. 3, d istal 
view , 4000 X . Fig. 4, side view , 4500 X .  Fig. 5.: Discoaster sp., 2500 X . Fig. 6.: Cyclo- 

coccolithus form osus  K a m p t n e r .  D istal view , 4500 X .



292 BYSTRICKÁ

Discoaster lodoensis B r a m I e 11 c et B i e d e 1, 1954 
(pl. B, fig. 1, 2)

1954 Discoaster lodoensis B r a m l e t t e  ct R i e d i ' ] ,  n.  sp. — M.  N.  B r a m- 
1 e 11 e, W.  R.  R i e d e l :  Stratigraphie Value of Discoasters etc., p. 398, pl. 39, 
fig. 3a, b.

1971 Curvidiscoaster lodoensis — B. B r i n s :  Speculations on Relations etc., p. 1021, 
pl. 3, fig. 18.

1971 Discoaster lodoensis B r a  m l e t  t e el R i c d e 1 1954 — K. P e r c h  — N i e l ­
s e n :  Elektronenmikroskopische Untersuchungen etc., p. 64, pl. 52, fig. 2, cum. 
syn.

D e s c r i p t i o n .  The asterolith is slightly convex, mosty 6-rayed. In proxim al 
view, the rays are slightly sinistrally inclined. They are usually elongated, hu t very 
short w ith the juvenile specimens, very similar to those of D. saipanensis B r a  m- 
] e 11 e et R i e d e 1. Vailed rays ends are lined w ith conspicuous ridges bending in 
the asterolith middle and composing a conspicuous stem. On the distal side, the rays are 
smooth, w ithout any margin ridges. The central knob is flat.

S t r a t i g r a p h i e  r a n g e :  The Lower Eocene and the lower part of the Middle 
Eocene.

Discoaster m inis D e f l a n d r  e, 1952 
(pl. 8, fig. 3, 4)

1952 Discoaster mirus n. sp. — G. D e f l a n d r e  in P. P. G r a s s é: Traité Zool.
L, 1, p. 465, fig. 326. Non vidi.

1954 Discoaster mirus Defl. — G. D e f l a n d r  e, C. F e r t :  Observations sur les 
Coccolithophoridés etc., p. 169, textfig. 118.

1961 Discoaster mirus D e f l  a n d r e  1952 — E. M a r t i n i :  Nannoplankton aus 
dem Tertiär etc., p. 12, pl. 3, fig. 24.

D e s c r i p t i o n .  8-rayed specimens prevailed in the material studied. The astcroliths 
were considerably calcite overgrown. Their composition and morphology were partly 
covered. E. g. the lobes at the ends and sides of the rays preserved their original 
shape only in rare cases, they are m ostly only indicated. In most cases, sediments fill 
also the interray  spaces and cover the interrays sutures. A small flat knob from 
small concentric crystals is usually preserved in the asterolith middle. Few-rayed 
asteroliths m ay be easily m istaken with Discoaster distinct us M a r t i n i .  

S t r a t i g r a p h i e  r a n g e :  The Lower Eocene— the Middle Lutet.

Discoaster sp.
(pl. 9, fig. 5)

D e s c r i p t i o n .  A G-rayed flat asterolith with a round central area from which 
six long narrow rays spread. The central area is about Уз the diametre of the asterolith. 
The rays are very narrow, straight, b luntly  rounded at their ends. The interray cut-outs 
are of a round V-shape. Of the Paleogene species, the specimen resembles the most 
to Discoaster strictus S t r a d n e r ,  from which it differs with the shape of its rays 
tha t do not narrow in the distal dirrection.
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Plate X

Fig. 1.: Discoaster cf. sublodoensis B r a m l e t t e  et  S u l l i v a n ,  10 ООО X (TEM ). l ig .  2.: 
Blackites creber (D e f 1 a n d r  e) S t r a d n e r  et  E d w a r d s ,  12 ООО X . (ТЕМ ). Fig. 3.: 
Lopliodolithus cf. m ochloporus D e f l a n d r  e, p rox im al view , 10 000 X . Fig. 4.: Tow eius 

helian thus  ( H a y  et  T o w e )  H a y  et M o  h  1 e r, p ro x im al view , 10 000 X . (ТЕМ ).

Genus Discoasteroides B r a m l e t t e  et S u 11 i v a n, 1961 
Discoasteroides kuepperi (S t r a d n e r, 1959) B r a m l e t t e  et S u 11 i v a n, 1961

(pi. 9, fig. 3, 4)
1959 Discoaster kuepperi nov. cent. — II. S t r a d n e r :  Die fossilen Discoasteriden 

östers. IL Teil, p. 478, fig. 18, 21.
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P la te  X I

Fig. 1, 2.: M ai'kalius astroporus S t r a d  n e  r) M a y  et M o li 1 e r. Fig. 1. d istal view , 
fig. 2, p rox im al view , 10 000 X. Fig. 3.: Tow eius Helianthus (H а у  et T o w e) FI а у  et 
M o h  1e r .  p rox im al view , 16 ООО X . Fig. 4.: Coccolithus sarsiae B l a c k ,  d istal view , 
5000 X . Fig. 5.: M arkalius inversus  ( D e f l a n d r e )  B r a m l e t t e  et M a r  t i n i, proxim al

view , 7200 X. (ТЕМ).

The photographs signed ТЕМ , were m ade w ith tlie tran sm ittin g  electron m icroscope Tesla 
BS 242 a t the N atu ral Sciences F acu lty  of Comenius U n iversity  in  B ratislava (photos by  
H. G erthoffe rová), the  others w ith  the  scanning electron m icroscope JSM  U3 at the  Geological 
In s titu te  of D. Š tú r in  B ratislava (photos b y  M. Švec and K. Sebor).
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1961 Discoaster oides kuepperi ( S t r a  d n e r) M.  N. B r a m l e t t  e, F. R. S u 11 i-
v a n :  Coccolithophorids and Related Nannoplankton etc.. p. 163, pl. 13, fig.
16a, b, 18a—c, 19.

D e s c r i p t i o n .  The asterolith is slightly convex, from 7—10 rays forming a 
serrate outer circumference, w ith right angles. 1—3 conspicuous transvers ribs and 
a robust open stem distally broadened in the shape of a funnel, are visible on the 
proximal side of the rays. The stem is distincly visible to be constructed from extended 
middle parts of the rays. On the stem, the interray sutures change into lengthwise ribs 
and almost reach the serrate edge of the stem. The stem diametre is about 2/з the 
diametre of the asterolith, its height is about 3/s the height of the asterolith.

S t r a t i g r a p h i e  r a n g e :  The Lower Eocene — the lower part of the Middle 
Eocene.

Genus Marthasterites D e f l a n  d r e ,  1959 
Marthasteriles tribrachiatus ( B r a m l e t t e  et R i e d e l ,  1954) D e f l  a n d r e ,  1959.

(pl. 6, fig. 1, 2)
1954 Discoaster tribrachiatus B r a m l e t t e  et R i e d e 1, n. sp. — M. N. B r a  rn-

1 e 1 1 e, W.  R. R i e d e l :  Stratigraphie Value of Discoasters etc., p. 379, pl. 38,
fig. 11.

1957 Marthasterites tribrachiatus ( B r a  m.  et R i e d.) D e f I. — G. D e f 1 a n d r e :
Sur les nannofossiles calcaires etc., p. 138, pl. 2, fig. 1, 2.

1967 Marthasterites tribrachiatus ( B r a m l e t t e  et R i e d e l )  D e  f l a n d r e  — K. 
P e r c h  — N i e l s e n :  Nannofossilien aus clem Eozän etc., p. 30, pl. 6, fig. I—6.

D e s c r i p t i o n .  A 3-rayed specimen with the rays including the angle of 120 
degrees. The rays are of the same length and, with the most of the specimens, of the 
same thickness along their whole length. They are at their distal ends. In rare cases,
the rays narrow very slightly in the distal direction. The whole asterolith is slightly
vaulted. The surface of our specimens is covered with small irregular granules, which 
is probably the result of diagenetic processes.
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