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INTRODUCTION

The aim of the present paper is to analyse the microfaunal foraminiferal assemblages
from the boundary of the Cretaceous and the Tertiary in Poland, the Carpathians excluded.
A stratigraphic delimitat ion of the Maastrichtian, the Danian and the Paleocene may then
be attempted on the basis of these assemblages and sedimentological investigations.

No comprehensive sedimentological ana logies with the Danian of Denmark have been
reported from any other region which makes an accurate delimitation of the Danian in other
countries extremely difficult. The development of the Danian in Poland differs considerably
from that in Denmark. However, owing to Poland's near geographical position, and also pro­
bably to the convenient seaways between the two sedimentological basins, their microfaunas
are closely related. These facts constitute a good basis for a more accurate biostratigraphical
investigation of the Danian in Poland. It permits at the same time to obtain a more accurate
definition to the term of Danian, in the sense used for it in the type region of Denmark and
southern Sweden. Unfortunately, up to now no monographic description has been published
of the Danian microfauna of Denmark and from the few papers available, only a score or so
species of Danish foraminifers are known and there is no information as to their vertical
extent within sediments that overlie or und erlie the Danian deposits.

The present pap er contains a description of about 150 species of foraminifers from the
Danian and the Paleocene of Poland. Such an accumulation of material characterizing the
Danian stage could provide a broad basis for further investigations of deposits of this age
in other parts of Europe, namely deposits from the boundary of the Cretaceous and the Ter­
tiary . So far, this applies only to the European areas lying north of the Alpine geosyncline.

The present work has resulted in the establishment of the independence of the Danian
stage tho ugh, indeed, this does not markedly differ from the Paleocene due to the lack of
thickness of the deposits in Poland outsi de the Carpathian region, the scarcity and bad pre­
servation of the macrofaunal fossils, the nature of the foraminiferal microfauna and the
extreme monotony of the lithological development. In the U nited States of America the Danian
has been included into the Paleocene as its oldest stratigraphic member. Establishing the Danian
as a separate stage therefore called for a particularly full ana lysis based on all reasonably
acceptable suggestions.

The writer's palaeontological studies on the Danian and Paleocene deposits of Poland
were carried out between 1957-1962. The field work consisted in sampling rocks from the banks
of the middle Vistula valley between Kazimierz and Pulawy where outcroppings of these beds
are to be found, and scientific inspection of the borings drilled by the In stitute of Geology at
G6ra Pulawska, Zyrzyn and Sochaczew. The boring at G6ra Pulawska drilled in 1949 has
been described and sedimentologically elaborated in a previous paper (POZARYSKA, 1952).
The extremely rich palaeontological material recovered from the heap at the Boryszew boring
near Sochaczew in 1955 has provided the basic data for the study of the Danian and Paleocene
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depo sits, and has shown the presence in the Polish Lowland of Crania tuberc ula/a s. I. (RosEN­
KRA!I.'TZ, 1964) beds, assigned to the Lower Paleoce ne on the base of its foraminiferal remains
(POZARYSKA, 1964).

Thanks to additional borings in central Poland: at Sochaczew, very near Boryszew, at
Magnuszew, at Zyrzyn in the western part of the Lublin region, and at Parnietowo (northern
Poland), it was possible to determine more exactly the date of the se beds by means of faunistic
and sedimentological correlations (Text-plates Ill-VII). The preliminary study of the borings
at Boryszew and Pamietowo by BROTZEN and POZARYSKA (1957, 1961) has been particularly
useful in this respect.

All the more important foraminiferal species in the Maastrichtian, Danian and Paleocene
from the above mentioned borings and expo sures have been recorded by the writer. In order
to emphasize the boundary between the Maastrichtian , Danian and Paleo cene stages these
species are listed in Tables 1 and 2 showing the strat igraphic distribution for thi s area. A separate
list of the index foraminifers for these three geological stages has been drawn up to give a clearer
stratigraphic picture (Text-plate VI).

In the chapter on systematics, mainly the Danian and the Paleocene, chiefly the Montian
species, have been described and figured , as the pre sent paper is mainly concerned with these
two .stages, No description of species from the genera Lagena and Fissurina is given since they
do not differ from those previously described by the writer (POZARYSKA, 1957). In all,
150 species have been identified, including one new species. The material described is housed
in the Palaeozoological Institute of the Poli sh Academy of Sciences, under the catalogue
number F vrn-iss.

ACKNOWLE DG EME NTS

The writer is greatly indebted to Professor ROMAN KOZLOWSKI, the well known Polish
authority on modern palaeontology, for his invaluable help and advice.

She also wishes to thank her husband Professor WL. POZARYSKI for fruitful discussions
on the Danian and Paleocene stratigraphy, for help in collecting comparative material from
many countries, for drawing up the palaeogeographical map of the Danian and the Paleocene
seaways in central Europe, as well as for his valuable comments when reading this present
manuscript.

The pre sent paper was prepared thanks to the Geological Institute in Warsaw, which
kindly made available the necessary materials from borings. Thin sections for sedimentological
purposes were prepared in the Laboratory of Lowlands (Geological Institute).

Cordial thanks are due to Dr J . SZCZECHURA, from the Palaeozoological Institute of the
Polish Academy of Sciences, for her. generous cooperation in all laboratory work and help
in the identification of species.

Thanks are also due to Mrs K . BUDZYNSKA for drawing s of foraminifers, and to
Mrs E. GADOMSKA for drawing charts (tables) and text-plates.

It was with the help of the Polish Academy of Sciences that the writer was able to visit
in 1956-1962 various European countries where the Danian and Paleocene deposits are
developed.

The author particularly wishes to express her indebtedness and cordial thanks to
Or F. BROTZEN (Swedish Geological Survey, Stockholm), and to Professor Dr A. ROSENKRANTZ
(Institute of Geology and Mineralogy, University Copenhagen). who introduced her to all



XL

the detailed stra tigraphical problems in Sweden and Denmark and who were so kind as to
read and give their valuable comments on the chapters dealin g with the type region of the Danian
stage, and also to Professor Dr R. MARLIERE (Department of Geology, Polytechnic School ,
Mons) for his reading and remarks on the chapter devoted to the Danian and Montian in
Belgium.

And lastly , the present author expresses her full appreciation to th e following micro­
palaeontologists and geologists for valuable aid rendered during the course of this investigation,
for discussions and assistance in collecting samples for this study : Mrs L BANG (Geological
Survey, Copenhagen), Dr W. A. BERGGREN (In stitute of Geology, Stockholm's University.
recently Tripoli) , Dr T. BIRKELUND (GeoJ.-Miner. Institute, University, Copenhagen) ,
Or N. K. BYKOVA (VN IG RI, Leningrad), Prof. Or L. CALEMBERT (Institut de Geologic, U niver­
site de Liege) , M IllC Y. LE CALVEZ (B. R. G. M., Paris), Dr D. CHALl LOV (Institute of Geology,
Academy of Sciences Azerb. SSR, Baku), Mr D. CURRY (London), Or C. W. DROOGER
(Institute of Geology and Min eralogy, University, Utrecht). Or H. HILTERMANN (Amt fur
Bodenforschung, Hannover), Prof. Or J . J. GRAHAM (Stanford Un iversity, Stanford, Califo rnia),
Dr J . HOFKER (La Haye), Dr M. K.ACARA VA (Geol. Department, Museum of Ge orgian SSR,
Tbilisi), Dr M . Lvs (Institut Francais du Petrole, Pari s), Or P. M ARIE (B. R. G. M. , Paris).
Dr V. G. MOROZOVA(In stitute of Geology, Acad emy of Sciences, Moscow) , Dr M. M. MOSKVIN
(Geological Faculty, Uni versity, Moscow), Or M. M. M EIJ ER (lnstitut de Geologic, Universite
de Liege, recently Tripoli) , Dr V. S. P ETRENKO (Geological Faculty, University, Mo scow) ,
Or E. K. SUCKAJA (VN IGN I, Moscow), Or V. P. VASILENKO (VNIG RT, Leningrad),
Or J. C. TRoELsEN (Co penhagen, recently Brasil), P rof. Dr V. TZANKOV (Faculty of Geology,
University, Sofia) , Prof. Dr I. M. VAN DER VLERK (Shell Science In stitute, Rij swik), Prof.
Or E. VOIGT (Geologisches Staatsinstitut, Hamburg), M r P. N. WEBB (New Zealand Geological
Survey, Lower Hutt), Dr H. WIENBERG RASMUSSEN (Institute of Geology and Min eralogy,
University, Copenhagen).

Palaeozoologicul Institute
()( the Polish Academy of Sciences

J¥ a r.COlm . February 1964





GENERAL PAR1'

HISTORY OF INVESTIGATIONS IN POLAND

Opinions advanced during the 19th century, up to 1891, by Polish geologists of that
period (PUSCH, JURKIEWICZ, SIEMIRADZKI) concern ing the geology of the area under discussion
were contradictory and are not quot ed in thi s pap er. Th e glaucon ite »siwak« beds rest ing
on the »opoka« were assigned either to the Lower Cretac eou s or Cenomanian in th e belief
that these beds plunge sou thwards. KRISZTAFOWICZ (1899) was the first to interpret correctly

.the geological structure of th e vicinity of Kazimierz and Pulawy. He differentiated severa l rock
series, the uppermost con sisting of sandy-glauco nitic deposits, with accu mulations of harder
calcareous rocks called the »siwak« rock. Owing to the scarcity of the fauna which did no t
yield any reliable age marks for the rock series, KRISZTAFOWICZ referred it to t ransi tory rocks
on the boundary of the Cre taceous and the Terti ary. The »siwak« beds rest on marly limestones
containing at the top sandy-glauconitic intercalation s th at grade do wnwards into white chalk­
like marls. The fauna of these limestones is rich and. conta ins th e index for m Scaphites
(Hoploscaphiies) 1 constrictus , by KRISZTAFOWICZ assigned to the up perm ost Senonian.

SIEMIRADZKI in his later papers (1905) referred th ese »siwak« beds to the Dani an , while
the underlying »opoka« beds were dat ed as Maastrichti an . In 1931, on macrofauna l evidence
SIEMIRADZKI decided to ass ign Lower and Middle Eoce ne age to all the sandy-glauconitic series
overlying the »opoka« . He did not at that time differenti ate the Paleocene but identi fied it with
the lowermost horizons of the Eocene. Th e underlying »opoka« of Kazi mierz was recognized
by SIEMIRADZKI as an equivalent of the »opoka« of LWQW (Lvov, U. S. S. R .) , i.e. as uppermost
Maastrichtian .

In 1931, on th e presence of several for ms of pelecypods and gastropods that belonged
either to the Senonian or the Paleocene, MAZUREK supported SIEMIRADZKI as to the Dani an
age of the »siwak« rocks. In a later paper (1932) the same author assigns the »siwak« series to
the Paleocene, while another »siwak« series overlying a sandy-glauconit ic bed with phosphates
is referred by him to the Dani an .

In 1935 MATWIEJEWOWNA published a paper on th e fauna of pelecypods and gastropods
in the »siwak« bed s including a plat e of the faunal assemblage. More tha n ha lf of the 80 species
identified by MATWIEJEWOWNA were marine forms and this not unreasonab ly led her to assume
that the lower part of the »siwak« beds rep resented the Danian, whi le the Montian was repre­
sented by the higher strata . The glaucon itic sandsto ne containing an adm ixture of phosphates
was assigned by that author to th e uppermost Maastricht ian .

In a paper on echinids, cephalopods and brachiopods published in the same year, the

I See T. ll[RKELUND : Ammo nites from the Uppe r Cretaceo us of West Greenland . - Medd. Groulaud, Bd. 179,
No. 7, Kebenhavn 1965.
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stratigraphic conclusions of KONGIEL (1935) corresponded to those of MATWIEJEW6wNA, the
Montian however being identified by him with the Upper Danian.

In 1938, during investigations of the river gorge in the valley of the middle Vistula,
POZARYSKI established the stratigraphy of the monotonous Upper Cretaceous series as a number
of local stages and horizons. He thus differentiated a phosphate layer in the bottom of the
»siwak« beds, with numerous Belemnitella, as the »z« horizon (uppermost Maastrichtian),
while the underlying »opoka« bed was called by him the »x« horizon. On the base of numerous
Belemnitella remains in the »z« horizon he assigned it to the uppermost Maastrichtian, while
the underlying limestones were recognized as the »y« hard ground.

KONGIEL stated in a paper (1949) devoted to a comparative study of the genus Echinocorys
from the Danian of Denmark, Sweden and Poland, that the echinid fauna of the »siwak«
beds has an endemic character not found elsewhere with the exception of 3 species from the
Danian of the Crimea, the Caucasus, and the Upper Cretaceous of Belgium and northern
Germany. He assigns the »siwak« beds to the Danian, the glauconitic sandstone to the Upper
Maastrichtian, and the underlying »opoka« series to the Lower Maastrichtian.

It is interesting to note that echinid remains of the genus Tylocidaris, so characteristic
of the Danian of Denmark and Sweden, have never been found in the »siwak« series, however,
they were found recently by W. POZARYSKI in the boring at Boryszew near Sochaczew and
subsequently described by KONGlEL (1958), who stated the Danian age of these beds, ROSEN­
KRANTZ being of the same opinion (1964). R6zKOWSKA (1956) describing coral remains from
the same boring noted the Montian age of the sediments in which the corals were found.

Lastly in a preliminary note on this same boring, BROTZEN and POZARYSKA (1957) state
that the foraminiferal assemblage found there closely resembles that reported from the Paleo­
cene of Denmark and Sweden. VOIGT (1964), who recently studied the Bryozoa from the same
boring, considers »the beds under discussion as transition beds between Danian and Paleocene
or as lowermost Paleocene«.

GEOLOGICAL SETTING OF THE DANIAN AND PALEOCENE
MICROFAUNA IN POLAND, THE CARPATHIANS EXCLUDED

(Text-plate I)

The marine . deposits from the boundary zone of the Cretaceous and the Tertiary of
central Europe occur as a belt running NW-SE traversing central Poland. They occupy the
western margin of the East-European platform and represent the marine remnants of the
Danish-Polish geosyncline. They outcrop in the vicinity of Pulawy and Lublin, while in the
southern part of the Lublin region they have been eroded. In the opposite direction, i. e. to
the north-west, these deposits dip below sediments of the Oligocene and Miocene, and have
been reached in borings at G6ra Pulawska, Zyrzyn, Magnuszew, Boryszew, Sochaczew,
Pamietowo etc.

The writer's observation points were grouped in three regions along a line running in
a NW-SE direction. This line is the axis of the marginal synclinorium that forms the SW-margin
of the East-European platform (POZARYSKI, 1957). Part of the deposits here rise to the surface
of the platform, tapering towards the north-east. They are truncated by erosion from the
south-west owing to the presence of an anticlinorium bordering the platform that was upheaved
during the Laramide orogeny.
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The marginal synclinorium encircles the platform, from the Jutland peninsula across
the Danish islands, south-western Scania, Pomerania, central and south-eastern Poland , and
then along the borders of the so uth-weste rn Ukraine, part icularly noticeable along the margin
of the Ukrainian ma ssif to Crimea and the northern forefield of the Caucasus.

During the Upper Cretaceous the marginal synclinorium was a sea basin which diminished
gradua lly towards the close of the Cr etaceous but retained a continuity of sedimentation at
least until the Lo wer Paleocene . It wa s connected with the large basin of the Tethys sea at
the point where it turned from the south-western to the southern border of the platform which
contacted with th e Alpine geosyncline area . This point mu st have been situated somewhere
within the Carpathians of the western Ukraine. The Danish-Paleocene transgression persisted
also in the depressions of the central part of the Russian Platform, mainly in the northern and
western extension of th e Caspian dep ression to the lower Volga, and in the Dniepr-Donetz
basin. Th e last nam ed was perhaps a direct route of communication between the Volga basin
and northern Poland. This suppos ition cannot, however , be fully confirmed owing to the
abse nce in Belorussian S. S. R. of Danian and Lower Paleocene deposits. Deposits of this period
are likewise missing from th e marginal synclinorium in the south of the Lublin region and
Lwow (Lvov). There may be some doubts as to whether the Danish-Paleocene sea , and northern
and centr al Poland were connected with the Crimea via thi s route , yet the existence of a sea
with in thi s area at the Cretaceous-Tertiar y boundary is rea son abl y suggested by the presence
of a synclinorium throughout the Upper Cretaceous and part of the Tertiary, as well as by the
repeated occurrence of ero sional phases during th e Paleogene.

Throughout all its extens ion the marginal synclinorium occurs within the East-European
pla tform and it s Danian-Paleocene sediments have an epicontinental, regressive character.
They all display the same shallow-water type of facie s. These deposits are represented either
by reefy or reefy detritic sediments (Denmark, Crimea) certainly by sediments containing
numerous bryozoan remains (Denmark, Sweden, Poland) and terrigenous material, which is
pre sent in greater abundance than in the Maastrichtian, accompanied by a considerable amount
of glauconite, locally also by phosphates. Sporadically, the facial development is that charac­
teristic for the Upper Cretaceous, e.g. the chalk intercalations in D enmark or those of the
»opoka« type in Poland .

All th ese depo sits are moreover cha racte rized by a rhythmical repetition of changes in
the sedimentatio n, expr essed by th e a lternating occurrence of more calca reous or less cal­
careous sediments at a distan ce of some tens of centimetres to several metres. This rhythm is
a con stant feature fou nd in deposits of that age in Denmark, Poland and Crimea, as well as
in Belgium and the Netherlands (POZARYSKA, 1952, W. & K. POZARYSKI, 1959).

LOCATION OF OUTCROPS AND BORINGS

(Text-plates l-H)

Th is present pap er is ba sed o n data supplied by 5 borings grouped in 3 regions. The
first in the vicinity of Pulawy and Zyrzyn, the second at Sochaczew, and the third at Pamietowo.

l st region ~ Pula wy - is situated on the middle course of the Vistula, in central Poland.
There the marginal synclinorium changes its character and, from a relatively stro ngly up heaved
area in the south, passes into a deep depression towards the north-west. South of Pulawy the
Danian deposits, on entering an area with a tendency to upheaval , are greatly reduced (Bochot-
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nica, 8 km. south of Pulawy), Towards the north the deposits increase in thickness as have been
observed in the boring at Zyrzyn (12 km. north-east from Pulawy) in relation to that at G6ra
Pulawska,

2nd region - Sochaczew -lies 60 km. west of Warsaw, where the marginal synclinorium
widens out to the axis of the Podlasie depression which is the western prolongation of the
Dniepr-Donetz depression. The boring at Boryszew is 300 m. from the Sochaczew boring.

3rd region - Pamietowo near Chojnice - is situated in northern Poland, on the border
of the synclinorium, hence deposits of the Danian have probably been strongly reduced, while
those of the Upper Maastrichtian are eroded.

A tabulated list of the microfauna under consideration (Tables 1 and 2) was drawn up
as follows: The foraminifers are arranged into families and genera according to CUSHMAN'S
systematics, the arrangement within each genus being based on the stratigraphy. The vertical
distribution of the foraminifers is complicated by the presence in the Danian and the Paleocene
of earlier forms reworked. In view of the regressive character of these stages, a considerable
part of the area lying south-west of the region under discussion and occupied by Maastrichtian
and Senonian deposits was probably upheaved during the Danian and the Paleocene. This
elevated area supplied abundant detritic material yielding foraminifers which occur in great
numbers within these sediments. Thus the Cretaceous rocks were subjected to strong erosion
and this may reasonably explain the presence of a relatively large number of redeposited
foraminifers. This applies particularly to the samples of the lower part of a given stage, which
are often contaminated having many reworked species. On the other hand, since the facial
differences here between the geological horizons are relatively small, the range of some forami­
nifers does not exactly correspond with the boundary of a given stage, but either passes beyond
it or ends somewhat earlier.

142 species have been listed in Tables 1 and 2. Species encountered sporadically and those
occurring en masse as reworked specimens, like Rugoglobigerina rugosa and Globotruncana sp.,
are omitted in descriptive part.

The vertical distribution of the foraminifers in the three borings under consideration
(Gora Pulawska, Sochaczew, Zyrzyn) indicates two distinct strati graphic boundaries, i.e. the
Maastrichtian-Danian and the Danian-Paleocene. The first named, lower boundary, is parti­
cularly distinct, being characterized by the appearance of 72 species, while 20 species make
their appearance at the higher, Danian-Paleocene boundary. These boundaries cannot be so
clearly delimited by the disappearance of certain species. The lower boundary is indicated by
the extinction of over 80 Upper Maastrichtian species, while the upper boundary is characterized
by the extinction of just 6 species. The horizon enclosed by these boundaries do not contain
a single foraminiferal species whose occurrence is restricted only to this stratum. Thus there are
here three horizons overlying the hard ground surface of the Upper Maastrichtian. One occurs
between the hard ground surface and the lower microfaunal boundary and will be referred to
as the »Zyrzyn beds«, since in the Zyrzyn boring these beds are the best developed. The second
horizon occurs between the top and bottom microfaunal boundaries called here the »Sochaczew
beds« as they attain their maximum thickness in the boring Sochaczew. The third horizon
the »Pulawy beds« or the so-called »siwak beds« overlies the upper microfauna I boundary.

The first two horizons have so far never been recorded from surface outcrops, but only
from borings, while the Pulawy beds include all the previously reported »siwak«, throughout
the whole Lublin region, particularly those at Bochotnica, Nasilow and G6ra Pulawska, The
Zyrzyn beds are the oldest and rest on a limestone layer aim. thick - typical hard ground.
The limestone is exposed south of Pulawy where it has been described by POZARYSKI (1938)
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as horizon »y«, its macrofauna containing index forms for the higher Upper Maastrichtian
horizon : Belemnella casimirovensis, Scaphites ( Hoploscaphites) constrictus, Sphenodiscus binck­
horsti, Inoceramus tegulatus, Baculites sp . etc ., its age being additionaIly confirmed micro­
fau nally by the presence of Neoflabellina reticulata, Cibicides bembix, Bolivina incrassata gigan­
tea, Bolivinoides draco draco et aI.

ZYRZYN BEDS - UPPERMOST MAASTRICHTJAN

(Text-plates HI-IV)

The Zyrzyn beds lying on a hard ground limestone layer are repr esented by gLauconitic
»opoka« at Zyrzyn and by limestone gaizes at Gora Pulawska. In bo th localities they are inter­
calated by rather ha rd marls. At Sochaczew they are represented by sandy-ma rly clay and
marly-glauconitic sand with considerable bryozoan remains. Both at Sochaczew and Zyrzyn
there is an abundance of macrofaunal remains . The bottom of the Zyrzy n beds on th e hard
ground surface is crowded with belemnite rostra , having as many as several hundred specimens
to a square metre. Moreover, they contain fragments of baculites, inoceramids and numerous
pelecypods of the Maastrichtian type . The Zyrzyn beds are 19·7 m. thick at Zyrzyn, 5·7 m. ­
at Sochaczew, and 9·5 m. - at Gora Pulawska ; they are preserved only as remnants at Bochot­
nica and Parnietowo. This indicates that the top bou ndary of the Zyrzyn and Sochaczew beds
is of erosional origin, generally disp laying stratigraphical hia tus of vary ing extent. In extreme
case, at Bochotnica and Nasilow the erosion corresponding to this hiatu s reached deeper
strata than usual and destroyed nearly complete series of Zyrzyn beds ending activity at the
hard ground surface which corresponds to the hard limestone layer in the bottom of the Zyrzyn
beds at Zyrzyn and Gora Pulawska, th us proving that depo sits resting directly on a hard
ground surface may differ in age. So the hard groun d layer at Parnietowo is of a different age
from that at Bochotnica, Gora Pulawska or Zyrzyn. It is formed there on older Maastrichtian
horizons, probably Lower Maastrichtian. The Zyrzyn beds are never exposed being a typical
subsurface formation . They still belong to the Upper Maastrichtian and probably represent
the highest Upper Maastrichtian horizon. In their greatly increased glauconite content and
marked decrease in calciferous they differ very distinctly from the underlying Upper Maastricht­
ian »opoka« beds. They are separated from the latter by a hard gro un d layer which is absent
on ly at Sochaczew where , in spite of this , the litho logical bo un dary is very sharp.

SOCHACZEW BEDS - DANIAN

(Text-plates [(I-IV)

The Sochaczew bed s overlie the Zyrzyn beds. They are 5·5 m. thick at Gora Pulawska,
4 m. - at Zyrzyn , and 6 m. - at Sochaczew. In lithology they approach th e Zyrzyn beds from
which they differ dist inctly only at Gora Pulawska, be ing represented there by a series of marls
with an admixture of pyrite. The characteristic feature of the Sochaczew beds is that in all
the three borings here the initial phase of sedimentation is associated with an increased supply
of terr igenous ma ter ial and with a stronger glauconite content. Therefor e thi s might even
suggest a somewhat transgressive character of this stage. Hig her up however in the section there
is a decrease in the number an d size of the quart z and glauconite grains in the sediment, equalling
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those in the Zyrzyn beds. The lower part of the local »z« horizon (POZARYSKI, 1938) is of the
same age as the Zyrzyn and Sochaczew beds at Bochotnica and Nasilow, south of Pulawy
(Text-plate IV), and probably also as throughout the southern part of the Lublin region.
This »z« horizon is a phosphate layer occurring on the indurated surface of the hard ground.
A typical feature of this layer is the abundance of reworked Upper Cretaceous fauna, chiefly
Belemnella casimirovensis and Pecten acuteplicatus , in association with Danian foraminifers.
Thus the Danian here occurs as relict deposits, indeed, in this form it may be encountered in
a considerable area of the Lublin region, from the middle course of the river Wieprz in the east
as far as the Vistula in the west. Also the Danian deposits in Belgium and southern Nether­
lands (Limburg-Vroenhoven) have an analogous condensed character.

The Danian age of the Sochaczew beds must be more exactly proved because of the
lack of index forms. The proof may be based on the following: 10 the boundary between Zyrzyn
and Sochaczew beds corresponds to that between Maastrichtian-Danian, 20 the boundary
between Sochaczew and Pulawy beds corresponds to that between Danian-Paleocene. The
former is the boundary in which over 80 foraminiferal species characteristic for Maastrichtian
have disappeared, and a new assemblage characteristic for Danian and Paleocene appears.
The latter is characterized by the appearance of about 20 index species for the Lower Paleocene
(Selandian) of Sweden, Denmark and Crimea.

PULAWY BEDS - LOWER PALEOCENE (MONTIAN)

The Pulawy beds are 40 m. thick at G6ra Pulawska and Zyrzyn, 54 m. - at Sochaczew
and 33·5m. - at Pamietowo. At G6ra Pulawska and Zyrzyn they are represented by calcareous
gaizes with marly-limestone intercalations, at Sochaczew by glauconite sands with sandstones,
while at Pamietowo by detritic limestones resembling the typical »tuffeau« known from Belgium
and southern Netherlands.

On the whole, the Pulawy beds are characterized by a considerably greater quartz and
glauconite content than in the lower beds of Sochaczew and Zyrzyn, At Sochaczew the quartz
content amounts to 30-40%, glauconite to approx. 10%. At Zyrzyn the quartz content is much
lower being only 8%, at G6ra Pulawska 10%, while that of glauconite is 5%and 4 %respecti­
vely. Similarly as in the beds of Sochaczew and Zyrzyn, sedimentation of the Pulawy 'beds
begins with a marked increase in the size of the quartz and glauconite grains, the latter being
macroscopically indicated. Hence it is reasonable to infer the transgressive character of the
Paleocene here (Text-plate V).

•

CONCLUSIONS
(Text-plates II-V; Table 3)

A study of the data available so far from the three regions under discussion indicates
a striking lack of uniformity in the development of the Danian and Lower Paleocene deposits.
On the whole it may be assumed that at the boundary of the Maastrichtian and the Paleocene
this series in the Polish Lowland is extremely condensed. This reduction in sediment began
during the Upper Maastrichtian being expressed by the formation of an indurated hard ground
layer, a sedimentary hiatus and changes in the nature of the sediment. The limestone hard
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ground layer varies in age in different parts of th e area. The sedimentary hiatus with which it
is connected approximately corresponds with the Upper Maastrichtian, while in the vicinity
of Pulawy, Zyrzyn, G6ra Pulawska, Bochotnica and Nasilow the limestone hard ground layer
is of the same age and has been referred to the local »y« horizon (POZARYSKI, 1938), containing
Belemnella casimirovensis. In borings at Gora Pulawska and Zyrzyn the hard ground layer does
not terminate the Upper Maastrichtian sedimentation . Macro- and microfaunal investigations
indicate that the sedimentary series called the Zyrzyn beds, resting in the above named borings
on a hard ground of indurated limestone, represent the Belemnella casimirovensis horizon of
the uppermost Maastrichtian (po ssibly the Pseudotextularia zone - though the index form ha s
not been found there). In the vicinity of Bochotnica these layers have probably been completely
denuded since in the glauconite bed s in the hard ground canals contain a Danian microfauna
with Globigerina daubjergensis.

Subsequently th e Sochaczew beds were laid down by the Danian transgression. Locally
they occur as remnants, similarly as in the Zyrzyn beds. An analogous situation occurs at
Pamietowo as well as in Bochotnica and Nasilow where the Danian deposits are represented
by a very thin layer. In the vicinity of Bochotn'ica and Nasilow, Maastrichtian fossil remains
such as Belemnella casimirovensis, Pecten acuteplicatus et al."have been introduced into the
Danian deposits as a result of the abrasive outwashing of the Zyrzyn beds. Of some interest
is the phosphate-bearing glauconite layer with abundant remains of Belemnella casimirovens is,
reached in the Zyrzyn boring and encountered in exposures at Bochotnica and Nasilow, It s
age is not contemporaneous with that of a layer at G6ra Pulawska whose lithology is very
similar and from which it differs only in a higher marl content. The Zyrzyn rocks are phosphate­
bearing glauconite marls, those at Bochotnica slightly calcareous phosphate-bearing glauconite
sandstones. At G6ra Pulawska , similarly as at Zyrzyn , the above named layer is overlain by
a series of uppermost Maastrichtian deposits known as the Zyrzyn beds. These are absent from
Nasilow and Bochotnica where, on strongly condensed remnants of th e Sochaczew beds, they
rest directly on the rocks of a »siwak« series, i.e. the Pulawy bed s representing the Lower
Paleocene stage.

The development of the Sochaczew bed s is rather varied. Locally the y rest on the Zyrzyn
beds, that are either partly eroded, being only half as thick as those at Zyrzyn, or completely
eroded as at Bochotnica and Nasilow. Hence the deposition of these strata was probably
preceded by erosion which locally completely destroyed th e Zyrzyn beds. At G6ra Pulawska
the deposits con sist mainl y of grey dark marls, rich in pyrite but poor in glauconite, at Zyrzyn
they are the grey »opoka« interbedded with hard marIs. The latter are ab sent from Bochotnica
and Nasilow, Their age equivalent is that of the phosphate-bearing glauconite sandstone layer
(local »z« horizon of POZARYSKI, 1938) with redeposited Upper Maastrichtian fauna. This
layer was secondarily enriched as a result of the erosion of the Zyrzyn beds which, as in the
Zyrzyn boring, are crowded with the ro stra of belemnites and shells of pectenids. Until quite
recently the secondary position of the belemnite-bearing strata was in doubt in view of the
sporadic occurrence of belemn ites in th e underlying »opoka« layer. Lately, however, the
matter ha s been clarified. They abound not so much in sediments of the »opoka« as in the
overlying Zyrzyn bed . Where th e latter have been eroded , as at Bochotnica and Nasilow,
a great assemblage of belemnites is found together with deposits of the Sochaczew beds ­
of Danian age - sometim es, due to complete erosion of the Danian beds, even found together
with those of the Pulawy beds, currently known as the »siwak« rocks.

The fulle st development of the Sochaczew beds occurs at Sochaczew. Here they are
represented by a series of glauconite sandstones, intercalated by sandstones bearing a Danian
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upperm ost Maastrichtian . Samples further down coming from Upper Maastrichtian, while tho se above the dotted area -

from the Lower Paleocene (Mo ntian or Selandi an).
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microfauna. Practically speaking the »Sochaczew beds« are lacking at Pamietowo. We are
dealing with the beds equivalent of the local »z« zone of Bochotnica which is represented by
the outwashed Zyrzyn beds and conden sed Sochaczew beds.

In contrast to the above mentioned beds, i.e. Zyrzyn and Sochaczew beds, Pulawy or
»siwak« beds are encountered in the margin of the middle Vistula valley near Kazimierz and
Pulawy, where they have long been known under the name of the »siwak«. Over large areas
they are uniformly developed as a series of grey-greenish limestone »gaizes«, rhythmically
interbedded with stratified limestone. They are the exact age equivalent of the Lower Paleocene
(Montian or Selandian). The Pulawy beds are the most developed having the widest distri­
bution, and are represented in all the borings under consideration, while the above described
Sochaczew and Zyrzyn beds are known only from borings and do not outcrop, therefore, they
are typical subsurface formations.

On the diagrammatic correlation the base of the Zyrzyn beds is characterized by an increase
in quartz and glauconite grains (Text-plate V). Moreover the character of the sediment of the
Zyrzyn beds does not differ from that of the Sochaczew beds which in general is marly, con­
taini ng a greater or less admixture of quartz and glauconite.

The Lower Paleocene sedimentation also did not change its general character with the
exception of that in the areas of Zyrzyn and Gora Pula wska, where an increase in the size and
amount of quartz and glauconite grains can be noted.

ANALYSIS OF MICRO FAUNA

(Text-plate VI ; Table s I , 2)

A collection of 142 species, found in the sediments of the uppermost Maastrichtian,
Danian and Lower Paleocene of the Polish Lowland is presented in Tables I and 2. This material
covers data obtained from 5 borings, at Gora Pulawska, Zyrzyn, Sochaczew, Boryszew and
Parnietowo, as well as from outcrops at Bochotnica. Data obtained from the boring at Magnu­
szew have not been taken into account since no Danian sediments were recorded in that boring.
For the sake of simplification, the Lower Paleocene sediments have been called the Montian
although their strict correspondence to the Mo ntian of the type locality, that is the »Calcaire
de Mons« in the Mons Basin has not yet been proved. The most important species of foramini­
fers, characteristic of the boundary between these horizons, are given in Text-plate VI.

Only a dozen or so of the more characteristic species identified have been used to describe
the Upper Maastrichtian layers which, in the present work, were not a subject of particular inte­
rest. It is clear from this List of species that their extent is limited to the uppermost Maa stricht­
ian and that they do not exceed the upper limit of the Zyrzyn layers. As long as our knowledge
of this problem was based exclusively on the outcropping sections, mostly at Kazimierz and
Bochotnica , the boundary between the Maastrichtian and Danian was interpreted in Poland
as a lithological boundary. Now, when boring sections are available reachin g down to deeper
parts of the sedimentary basin, it is clear that the uppe r limit of the Maastrichtian in the borings
at Gora Pulawska, Zyrzyn and Sochaczew does not make up any clearly outlined lithological
boundary. On the boundary of the »Zyrzyn beds« (Upper Maastrich tian), which are already
represented not by the white »opoka« rocks but by glauconite marls, and the »Sochaczew beds«
(Danian), similarly represented , not only the extinction of great numbers of foraminiferal species
(over 80) can be recorded , but also the appearance of a new assemblage of 72 species. In the
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latter assemblage, there are 28 species common to the Danian of Sweden and Denmark where
they also have never been recorded below the Danian beds. This applies to the following species:
Spiroplectammina wilcoxensis, Robulus rancocasensis, R . turbinatus , Planularia discus, P. pula­
vensis, Astacolus paleocenicus, Vaginulina gladius, Glandulina laevigata, Pseudopolymorphina
geijeri, Sigmomorphina soluta, Nonion graniferum, Nonionella ovata, Elphidiella prima, Chilo­
guembelina wilcoxensis, Tappanina selmensis, Bulimina paleocenica, Angulogerina cuneata,
Pyramidina crassa, Pleurostomella paleocenica, Rosalina ystadiensis, Allomorphina halli, A. hof­
keri n. sp., Globigerina daubjergensis, G. triloculinoides, G. pseudobulloides, G. varianta, Cibi­
cides proprius, Karreria fallax f. typica, Loxostomum cf. plummerae.

The Polish Danian (Sochaczew beds) occurs in a facies which generally does not differ
from that of the lowermost Paleocene (»Pulawy beds«), called in Poland, the Montian. New
fauna, appearing in the Polish Danian is relatively poor as compared to that of the Upper
Maastrichtian. This concerns both the macro- and microfauna. No index foraminifers, charac­
teristic exclusively of the Danian, have been found so far either in Poland or in the type region
(Denmark, Sweden). No index fossils for Danian were recorded in U. S. S. R. (BYKOVA, 1960).
The pelagic foraminiferal assemblage, together with Globigerina daubjergensis, cited by many
authors, is completely different from that of the Upper Maastrichtian and is not confined to
the Danian only, but passes to the Lower Paleocene (the Montian). This is a phenomenon already
fairly well-known and the writer's observations in Poland fully support this view. Moreover,
this applies virtually to the entire assemblage of foraminifers both pelagic and benthonic. At
the beginning of the Montian, a dozen or so new species appear which so far were unknown
in the Danian. Thus, the assemblage of the Danian foraminifers differs only slightly although
quite distinctly, from that recorded in the Montian. This difference consists in the absence in
Danian of the following species appearing only in Montian: Arenobulimina cuskleyae, Robulus
degolyeri, R. pseudo-mamilligerus, R. wilcoxensis , Astacolus gryi, Saracenaria hamata, Planularia
bzurae, Pyrulina fusiformis , Loxostomum applinae , Lamarckina naheolensis, L. rugulosa, Cerato­
bulimina tuberculata, Mississippina midwayensis trinitatensis, Globigerina (Subbotina) kozlowskii,
Cibicides mammillatus, C. succedens, C. lectus, C. cf. cryptomphalus hercegovinensis, Sigmo­
morphina pseudoregularis.

The boundary between the Danian and the Montian in Poland is, therefore, determined
not on the basis of the extinction of certain forms , but only and exclusively on the basis of the
appearance of new species. The Danian in Poland is, therefore, separated from the Montian
according to evidence negative in character. Under such circumstances, the question arises
whether this evidence is sufficient for the distinction of these stages in Poland? Poland is a region
not alone in this respect since a similar situation can be met with as a rule everywhere and
there is no country, Denmark and Sweden included, in which an assemblage of foraminifers
could occur characteristic only for the Danian . This is probably the reason why the Danian
and the Paleocene were repeatedly combined into one stratigraphical concept and given by
various authors the working name of »Dano-Paleocene«, and why in the United States the
Danian was included into the Paleocene as its lower part (LOEBLICH & TAPPAN, 1957b,c;
LOEBLICH, 1958).

The distinction of the Danian in Poland is based , therefore, on the observations:
1) that the assemblage of typically Paleocene foraminifers occurs at a certain distance

above the boundary of the extinction of the typically Maastrichtian foraminifers and the
appearance of an assemblage approaching in character the Paleocene and,

2) that, except in certain instances of distinct sedimentary hiatuses, it never contacts the
Maastrichtian assemblage. Thus distinguished, the Danian should perhaps correspond to a unit
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TAB LE 3
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TEXT-PLATE VI
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of a horizon or a sub-horizon, and not a geological stage, the more so as the Danian layers
are not as a rule of any. considerable thickness.

One more difficulty, quite different in character, is met in distinguishing the Danian. This
is a ta xonomic difficulty. Many species which do not differ from each other to any significant
extent, have already been described under various names . In the present paper, they are consi­
dered as not related to each other. Further investigation is, however, necessary to decide whether
they are really separate species, as they have been described, or whether they represent only
certa in stages of development during their Maastrichtian - Danian-Paleocene evolution .
The differences between them, if they exist at all , are in general quite small and insignificant.
In some cases, such differences could be successfully explained by intraspecific variability.

DANJAN AND SELANDIAN IN THE TYPE REGION
OF DENMARK AND SWEDEN

(Text-plate IX ; Tab le 4)

The Dani an stage was dete rmined and defined by DESOR in 1846. The Calcaire pisolithique
exposure s in the Paris Basin and the shore outcrops in the eastern part of Zealand, stretching
south of Copenhagen along a belt well over 10 km. in length, were used by this author as the
index sections of that stage. They are currently known as the Stevns Klint profiles. The Danian
there comprises chiefly white-greyish, not very hard, coccolithic-bryozoan limestones, with
numerous dark grey to black flints , which form more or less horizontal strata. All that rock
series rests unconformly on Upper Maastrichtian White Chalk beds, called by BROTZEN (1945)
the Stevnsian beds, after Stevns Klint. The rock series distinguished by DESOR (1846) is regarded
still by some Dani sh and Swedish authors as the youngest horizon of the Cretaceous system,
according to the original D ESOR'S opinion and definition. But already FORCHHAMMER (1823),
BRUNNICH NIELSEN (1919), and lat est ROSENKRANTZ (1924, 1960) consider the strata as repre­
senting the lowermost Tertiar y.

The Stevns Klint sho re sectio n, howe ver, comprises only the lowest part of the Danian
deposits. It s higher horizons occur near-by at Fakse. Together with the Danian sediments,
well exposed at Limhamn in Sweden , they are , according to TROELSEN'S (1956) and BROTZEN'S
(I 956) opin ions, the so-called type region. In Denmark they were studied and described in
several papers by RAVN, BRUNNICH N IELSEN, LEVINSEN, ROSENKRANTZ, 0DUM, WIENBERG
RASMUSSEN, BERTHELSEN and others in this century.

At Fakse, in a large quarry, coral limestones are found slightly younger than those at
Stevns Kli nt , occurring as more or less regular banks alternating with the bryozoan and fine
peliti c limestones. A complete Danian profile section outcrops in Scania, in southern Sweden .
There the facial development and the str atigraphy may be traced in the 80 m. high wall of a huge
quarry, belonging to the Limhamn Cement Works (near Malmo), which has been thoroughly
investigated by BROTZEN (1959). The zonation of the Danian into 4 stratigraphical horizons
is based on echinid spines of the genus Tylocidaris, proposed by ROSENKRANTZ (1937); they
are rather abundant in mo st of the Danian deposits in Denmark as well as in Sweden.

The Danian depo sits of the type region attain a considerable thickness: up to 80 m. in
Sweden, and 200 m. in Denmark. They are deposited in a depression which BROTZEN (1959)
calls the D ani sh-Swedish syncline, and POZARYSKI (1957) - the Danish-Polish furrow or
geosyncline, mo re recently known as the Danish-Polish parageosyncline. Farther to the south­
east within this basin Danian sediments were deposited in Poland.
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DANIAN IN DENMARK
(Text-plates VII , IX)

In Denmark, at Stevns Klint , the highest horizons of the Upper Maastrichtian (Stevnsian)
are characterized by the presence of Scaphites (Hoploscaphites) constrictus Sow. , Belemnella
casimirovensis SKOL., Belemnitellajunior Now. (BrRKELuND, 1957) and of spines of Tylocidaris
baltica SCHLUTER. They are developed as white chalk in the highest uppermost horizons, passing
into bryozoan chalk which is sharply delimited from the white chalk and still contain an im­
portant admixture ofpelitic Cretaceous material. In places, where the bryozoans accumulated in
greater abundance, the materi al was laid down more rapidly at the bottom resulting in the for­
mation of domed elevations at the sea floor. This is shown by the position of the uppermost
chert layers of the Maastrichtian, which do not occur hori zontally, but rise as domes above the
bryozoan accumulations (Text-plate VII) .

In the depressions of the undulating chalk surface, thi n dark stratified marly clays with
small chalk pebbles, some centimetres thick , are to be found. This layer, known as the »Fiskeler«
(English-Fish Clay), consisting of montmorillonite and suppos ed by ROSENKRANTZ (1955) to
be a disintegrated tuff (ash) layer, does not , as a rule, occur on Cretaceous hummocks. It is
overlain by a layer of light-yellow, brecciated limestone, the so-called »Cerithium Kalk«­
Cerithium limestone , up to I m. thick. The upper part of the »Cerithium Kalk« layer belongs
to a hard ground, also comprising the uppermost part of the Senonian bryozoan chalk, and
is a secondarily indurated limestone. The outwash surface, correspondi ng to the hard ground,
completely truncates these layers on the chalk hummocks, while the »Fiskeler« hori zon did not
originally occur on the hummocks. In places, where the »Cerithium Kalk« was eroded, hard
ground formed directly on the chalk which was slightly endurated down to a depth of ea. 20 cm.
This surface is uneven, corroded, cut up by numerous depressions that form characteristi c
peculiar depressions pocket s, and burrows often reaching down as far as 0·5 m. below the
surface of the hard ground. Silicifiedsponges whose presence, according to ROSENKRANTZ (1960),
may be associated with the form ation of the »pockets«, are often embedded in these depressions.
The original thicknes s of the »Cerithium Kalk« was probably much greater. The Cerithium
limestone contains a typical Danian macrofauna (ROSENKRANTZ, 1924b, 1939), whereas the
»Fish Clay«, according to the same author, contains lumps of white chalk and a lot of reworked
Upper Maastrichtian macrofossils, especiallyechinids, bryozoans and some fragments ofbaculites.

On the »Cerithium Kalk« layer or , when this is absent , directly on Up per Maastrichtian
sediments, bryozoan limestones of the lower Danian are to be found . They are grey-white,
rather hard, pure limestones , with numerous black flints, occurring rhythmically at more or
less regular intervals. The limestones here form a kind of low, widely radiating reef structures,
consisting mainly of bryozoans. These are biostromes. At certain time-intervals due to inter­
mittent facial changes, beds of flint probably formed in the not yet consolidated sediment,
adjusting to the irregularities of the bottom. Some biostromes, of a younger age, overlapping
the older bioherms, are very distinctly registered by the discordant arrangement of the flint
layers. The occurrence of the hard ground, either associated or not with outwashing, is locally
well indicated, where the older bioherm meets the younger one. The development of these
surfaces greatly varies, sometimes the bifurcation of the indurated surfaces is very marked, but
it is a local phenomenon. In fossil hard ground the carapaces of Dromiopsis rugosa often are to be
found in the depressions of the corroded surface. This was observed by ROSENKRANTZ at Fakse.

In the Danian deposit s of the shore outcrops of Stevns Klint spines of the regular echinid
Tylocidaris are absent in the Cerithium limestone, but in the lowermost part of the bryozoan
Palaeont ologiu Polon ica No . 14 2
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limestone Tylocidaris oedumi is fairly abundant. In the uppermost part T. abildgaardi - the
index fossil of the uppermost Lower Danian - occurs in great numbers.

Exposures in the neighbouring locality of Fakse (Faxe) complete the Danian profile at
Stevns Klint. Danian horizons, higher than those of Stevns Klint (i.e. of Middle Danian age),
outcrop at Fakse in an old quarry of bryozoan limestones, occurring as extensive bioherms,
and coral (reef) limestones are to be found irregularly interbedded there. Distinct detailed
undulating stratification of the bryozoan limestones can be observed thanks to the presence
of beds of black flint, that are totally absent in the coral reef limestones. The numerous coral
species and the macrofaunal assemblage accompanying coral reefs has been described by
BRUNNICH NIELSEN, RAVN, WIENBERG RAsMUSSEN, BERTHELSEN and others . The bryozoan
limestones are hard, locally dolomitized with the fossil shells (aragonite), completely dissolved.

Upper Danian rocks outcrop in the vicinity of Copenhagen and on the Jutland peninsula.
The best accessible exposures occur at Mensted and Hvallese in northern Jutland. Moreover
limestones of the Upper Danian are fairly often encountered in hard, glacial boulders, called
»Saltholm limestone«. The Upper Danian is represented by pelitic coccolithic limestones, of
varying degree of hardness, which in Jutland occur in the overlying cover of its Zechstein
salt domes. In east Zealand, where no salt domes occur, the hardening of these limestones are
still more pronounced. Upper Danian limestones contain numerous thick beds of grey flints.
The macrofauna in the limestones of the Upper Danian is, as a rule, extremely poor, while the
microfauna is'very abundant. The uppermost part of this series contain in east Zealand abundant
macrofossils. At Hvallese, just above the Upper Danian limestones, Lower Paleocene deposits
are exposed , the latter represented by glauconitic conglomerate with pebbles from the under­
lying limestones, and occasionally with outwashed Danian fossils. Green glauconitic marls
rest on the conglomerates. A similar sequence has been described from east Zealand.

Thus it is seen that in the island of Zealand' and northern Jutland a rather complete sedi­
mentation at the boundary of the Cretaceous and the Tertiary can be supposed. A major strati­
graphic hiatus seems to exist between the Maastrichtian and the Danian in this area. In the
south of Denmark, in southern Jutland and in the islands the relation of the Danian and the
Paleocene to the Maastrichtian becomes more complicated. These conditions were vividly
expressed by ROSENKRANTZ at the International Congress of Geology at Copenhagen (1960)
in the following statement : »At Gedser, the southernmost tip of Denmark, the Danian is totally
absent, the Selandian directly resting on the Maastrichtian. In the southernmost Danian locali­
ties extending from Laaland to southern Jutland the Upper Danian strata rest on the Maastricht­
ian. This means that the Danian sea in late Danian time transgressed from the North«.

Table 5 shows the stratigraphy of these strata in Denmark. The uppermost Danian,
i. e. the Tylocidaris vexillifera horizon, is absent in the type localities (Stevns and Fakse). The
data are adapted from TRoELsEN (1957), which is in accordance with the view expressed on
former occasions by ROSENKRANTZ (1937).

In the Danian deposits of Denmark Hercoglossa danica (SCHLOTHEIM) is known from the
Middle Danian, and Crania tuberculata (NILS.) - from the uppermost horizon of this stage.
Samples of bryozoan and coccolithic limestones of the Danian from Stevns Klint yield relatively
small numbers of foraminifers. The microfauna there is as yet inadequately investigated. It
has been recently studied by the following authors: BROTZEN (1940, 1945, 1948), TRoELsEN (1957),
BRONNIMANN (1952), REICHEL (1953), but they were, however, interested rather in planktonic
foraminifers. The more detailed investigation of TROELSEN (I. c.) recorded the presence of
globigerines in great abundance, mainly in the bottom of the Tylocidaris oedumi and T. vexillifera
horizons . In the remaining horizons globigerines are rather scarce . Thus, according to

2*
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TROELSEN, there occur in the T. oedumi horizon of the lowermost Danian great numbers of
Globigerina pseudobulloides and detached specimens of G. daubjergensis. In the higher T. abild­
gaardi horizon, G. pseudobulloides is considerably less numerous, while there is an increase
of the number of G. daubjerg ensis. In the T. bruennichi horizon, the next above, these pro­
portions are still more pronounced, but in the T. vexillifera horizon of the uppermost Danian
the situation is just the reverse, there G. pseudobulloides is present in extremely small numbers,
while representatives of G. daubjergensis occur in great abundance.

Other globigerine species, common in the Danian, are present in Denmark in the higher
strata of this stage. Thus, Globigerina trilo culinoides appears in the Tylocidaris bruennichi
horizon and is fairly abundant in the uppermost Danian, while G. compressa occurs in the highest
T. vexillifera horizon.

According to BERGGREN (i 962b), the following groups of planktonic foraminifers disap­
pear in Scand inavia at the bounda ry of the Upper Maastrichtian chalk : Globotruncana s. str. ,
G. (Rugotruncana), He terohelix , Planomalina (Globigerinelloides), Praeglobotruncana s. str. ,
P. ( He dbergella), Pse udotextularia and Rugoglob igerina. They are replaced by Globigerina,
Globorot alia (Tu rborotalia) and Chiloguembelina. Thus the faun a of planktonic foraminifers
characterizing the Upper Maastrichti an (Stevnsian) is replaced by an assemblage of minute
globigerines. These small primitive form s of the Lower Danian were subsequently differentiated
in the higher strata of this stage. D uring the Paleocene of Scandinavia, the so-called Selandian,
they are again extremely rare.

In addition to the plank tonic foraminifers, ment ioned above by TROELSEN, the following
form s were found , distingui shed by HOFKER (1960b) in a sample from the Cerithium Kalk of
Stevns Klint: Globigerina cf. quadrata WHITE, G. cf.linaperta FINLAY, G. supracretacea HOFKER,
Guembellna wilcoxensis (CUSHMAN & PONTON), G. globulosa (REUSS) and Guembelitria mauri­
ciana COLE.

The benthonic form s there are poor. A few species only were found by HOFKER: Tritaxia
danica HOFKER, N odosarella paleocenica CUSHMAN & TOOD and Allomorphina paleocenica
CUSHMAN.

The present writer, however, ascertained the presence of the following species in a sample
collected from the Cerithium Kalk: Karreria fallax RZEHAK, Osangularia lens (BROTZEN)
( = O. cordieriana navarroana CUSHMAN), Pulsiphonina prima (PLUMMER), Gavelinella pertusa
MARSSON, Robulus rancocasensis OLSSON, Cibicides proprius BROTZEN, C. simp lex BROTZEN,
C. bembix MARSSON, Anomalina acuta (PLUMMER) and A . dani ca BROTZEN.

Of the above named species only Cibicides simplex was occurring in great abundance,
while the other forms were presen t only as isolated specimens.

A markedly richer foraminiferal assemblage was identified by the present writer in a sample,
collected with generous help of Profe ssor A. ROSENKRANTZ, in 1960 from the Bryozoan lime­
stones of Stevns Klint overlying the Cerithium Kalk: Arenobulim ina mohreni BROTZEN, Lagena
gra cillima (SEGUENZA), L. hispida REUSS, L. sulca tiformis Po z. & URB., Robulus turbinatus
PLUMMER, Planularia discus (BROTZEN), Globigerina pseudobulloides PLUMMER, G. triloculinoides
PLUMMER, Bolivinoides paleocenica (BROTZEN), B. curta REISS, Guttulina problema D'ORBIGNY,
Osangularia lens (BROTZEN) (= O. cordieriana navarroana CUSHMAN) - numerous, Pullenia
am ericana CUSHMAN, Pleurostomella paleocenica CUSHMAN, Gavelinella pertusa MARSSON,
Marssonella oxycona (REUSS), Gyroidinoides soldani (D'ORB.) var. octocamerata, Karreria fallax
RZEHAK, Bulimina plena BROTZEN, Pulsiphonina prima (PLUMMER), Eponides lunata BROTZEN,
Gyroidinoides turgidus (HAGENOW), Discorbis cf. limbata (TERQuEM), Cibicides voltziana
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TABLE 4

LITHOLOGY AND STRATIGRAPHY OF THE MOST IMPORTANT SECTIONS OF DANIAN AND MONTIAN IN MIDDLE EUROPE (MEDITERRANEAN REGION EXCLUDED)
DIAGRAMMATIC CORRELATION

(POZARYSKA,
present paper)

BULGARIA

Danube Basin

(TZANKOV, I
1940, 1951) I

(POZARYSKA, present
paper)

Central Georgia

u. S. S. R.

(TZAGARELI, 1954,
KACARAVA, 1960)

Crimea

(MOSKVIN, 1959, 1960,
MORozovA, 1959, 1960)

POLAND

Central and North

(POZARYSKI, 1960,
POZARYSKA, 1960, 1961,

BROTZEN, 1961)

(MEIJER,
1959)

Limburg (Canal Albert)

(HOFKER, I'

\ 1960, 1962) r

Mons

BELGIUM

(MARLIERE, 1939-1962;
WIENBERG RAsMussEN,

1962)

Scania

SWEDEN

Jutland

(BANKE-RASMUSSEN, I(
1960) , BROTZEN, 1946, 1959)

I

DENMARK

IZealand

(RosENKRANTZ,
1924-1963

TRoELsEN, 1957)

1 --,- I I r__B_E_L_G_I_U_M_-_H_O_L_L_A_N_D_ I t -,- t 1

Age

Kerteminde mar!
and clay (up­
per part)

In erratic blocks,
known as »Mag­
lehem boulders«

Kerteminde marl
and clay

Freshwater sand with
lignite

Tuffeau with Ph. konincki

Limestone l t i:i
and sand r~ 'Vi ")

Missing

Pamietowo beds

Detritic sandy limestone
(type Tuffeau) inter.
calations of compact
limestone

Grey-blue marl, silt­
stone, aleurolite
and compact lime­
stone with flints
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rate, calcareous
clay

Green, soft, clayish
marl with Num­
mulites and Disco­
cyclina, Truncoro­
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Terra rossa
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smooth Globigerina
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lations of limestone

Globorotalia angula­
ta , G. conicotrunca­
ta, Robulus degolyeri,
Lamarckina rugulosa

Green, soft, c1ayish
marl with Nummu­
lites, Discocyclina,
Truncorotalia eras­
sata

White limestone in­
tercalations of
marls

White marl interca­
lations of lime­
stone

Globorotalia angula­
ta, G. conicotruncata,

G. daubjergensis

Glauconitic, calcare­
ous, arenaceous
marl
G. daubjergensis

Detritic limestone (ty­
pe Tuffeau) and
compact limestone
with flints

Glauconitic mar! with
phosphatic nodules

Marl and calcareous opo­
ka with intercalations
of compact limestone

G. daubjergensis

Sochaczew beds

Glauconitic sand with
phosphatic nodules

Pulawy beds, so-called
»siwak«, Detritic san­
dy limestone (type
Tuffeau) or calcareous
gaise and intercala­
tions of compact li­
mestone

Lamarckina rugulosa, Ce­
ratobulimina tuberculata,

Loxostomum applinae

Tylocidaris
sp .

1
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In outcrops

Limestone
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glauconite
Me

Mons limestone (Cal­
caire de Mons)

Compact limestone
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Ciply limestone (Tuffeau
de Ciply)

G. daubjergensis

Conglomerate Poudingue
de la Malogne

Detritic limestone with
flints

Glauconitic sand and
dark sandy clay

Ceratobulimina tuber­
culata

Bryozoan limestone
(bioherms)

Compact limestone
(bioherms)

Bryozoan
limestone

Cerithium
limestone

Glauconitic clay
from Hvallese

Coccolith lime­
stone

G. daubjergensis

Glauconitic sand
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nodules phosphatic nodules Quartz and glauconite I Coarser grain
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Coral limestone with
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G. daubjergensis
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(lower part)

Lellinge greensand
= Paleocene of
Copenhagen

Phosphoritic con­
glomerate

Fish Clay

Cerithium
limestone

Limesand
Coral and bryo­

zoan limestone
(Fakse)

G. daubjergensis

Bryozoan limestone
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~
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*) - .,~--, = unconformity or hiatus.
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(D'ORBIGNY), C. simplex BROTZEN, C. commatus MOROZOVA, C. proprius BROTZEN, Anomulina
acuta (PLUMMER) and A. danica BROTZEN.

The following microfaunal assemblage was found by the present writer in the lower strata
of the Upper Danian tTylocidaris bruennichi horizon) at Fakse: Spiroplectammina wilcoxensis
CUSHMAN & PONTON, Lagena sulcatiformis Po:Z. & URB., Vaginulina gladius (PHIL.), Robulus
turbinatus (PLUMMER), Frondicularia biformis MARSSON, Guttulina problema D'ORBIGNY, G!obi­
gerina daubjergensis BRONN., G. pseudobulloides PLUMMER, Mississippina binckhorsti (REUSS),
Alabamina midwayensis BROTZEN, Marssonella oxycona (REUSS), Pulsiphonina prima (PLUMMER),
Bulimina plena BROTZEN, Planulina limbata BROTZEN, Pullenia coryelli WHITE, P. americana
CUSHMAN, Gyroidinoides subangulata (PLUMMER), G. soldanii (D'ORBIGNY), Karreria fallax
RZEHAK, Gavelinella pertusa MARSSON, Eponides frankei BROTZEN, Tappanina selmensis
(CUSHMAN), Cibicides voltzianus (D'ORBIGNY), C. lobatulus (WALKER & JACOB), C. complanatus
(REUSS), Anomalina danica BROTZEN, A. acuta (PLUMMER) and Cymbalopora radiata HAGENOW.

In the uppermost Danian strata of Denmark, in limesand, belonging to the Tylocidaris
vexillifera zone (though th is fossil is very rare here) in NW Denmark, the present writer recorded
the following species: Globigerina daubjergensis BRONN., G. pseudobulloides PLUMMER, G. trilo­
culinoides PLUMMER and Pulsiphonina prima (PLUMMER).

From the Upper Danian of Jutland in the Mensted limestone quarry BANG quotes
(1960, Guide to exc. C-47, see RASMUSSEN, 1960): Ataxophragmium frankei BROTZEN, PIII­
siphonina elegans BROTZEN, Osangularia lens BROTZEN, Karreria fallax RZEHAK, Anomalinoides
nobilis BROTZEN, Discorbis binckhorsti (REUSS), Eponides frankei BROTZEN and Cibicides sp.

TABLE 5

STRATIGRAPHY OF DANIAN BEDS IN DENMARK
(adapted from ROSENKRANTZ, 1937, mo dified by TROELSEN, 1957)

Stages Lithology Loca lities T ylocidaris zones

Glau coni te cla y, silt an d con -
SELAN DIAN glornerat es + 6 m. Copen hage n no T ylocidaris

minor ( ?) hia tus ~~---- - - - - -- - -

»Ca lca renite« with chef! Cope nhagen .
T. vex illifera SCI~LOT[

30- 50 m. Sa lth o lm
c:: --

.2
mi nor h iat us - - - - - - -

~

§ T. bruennichi RAVN
.2 Bryozoan reef (bioher ms) with - - - - - - -

Fakse.
DANIAN ~ chcrt ; T. abildgaardi RAVN

<e Stevns Klint
-'" locally cora l reef + 66 m. - - - - - - -

'" ~ - T. oedumi BRONNICH-'"<r. -
~ minor hia tus - - - - - - _..

Cl

»Ca lcilutite« with rna rl at base Stevns Klint T ylocidarisI no

\

ea . 0·5 m.
---

IAASTRICHTIAN I
majo r hiatus - - - - - - -

White cha lk with chert -I- 20 m. Ste vns Klint T. baltica SClIl.OTER

- - - - - -

;~

NIELSEN
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In the Hvallese quarry, BANG (1960) quotes: Textularia sp., Pyramidina crassa BROTZEN,
Eouvigerina selmensis (CUSHMAN), Pulsiphonina eklundi (BROTZEN), Alabamina midwayensis
BROTZEN, Gyroidinoides pontoni BROTZEN, Nonion cf. graniferum (TERQUEM), Globigerina daubjer­
gensis BRONN. and G. pseudobulloides (PLUMMER).

The following foraminiferal assemblage was found by the present writer in the Upper
Danian of the same Hvallese quarry: Globigerina triloculinoides PLUMMER, G. daubjergensis
BRONN., G. pseudobulloides PLUMMER, G. varianta SUBB. , Allomorphina halli JENN., Anomalina
danica BROTZEN, Nonionella ovata BROTZEN, Fissurina marginata (WALKER & Bovs), Lagena
ellipsoidalis SCHWAGER, L. sulcatiformis Poz. & URB., L. gracilicosta Rsuss, L. hispida REUSS,
Nonionella troostae troostae HOFKER, Glandulina laevigata (O'ORBIGNY), Guttulina muensteri
(REUSS) and Bulimina ovata O'ORBIGNY.

In all the Danian localities in Denmark known to the present author the foraminiferal
remains are rather badly preserved and their identification is impeded by the fact that they are
recrystallized. Their shells are never smooth, but coated by a fine-crystalline film of calcite
carbonate. Planktonic species of foraminifers and those belonging to the genera Lagena and
Fissurina predominate. From the Danian of southern Scandinavia BERGGREN (1962b) quotes and
illustrates only 4 of the most common planktonic species, which have been previously fully
described and illustrated by TROELSEN (1957).

SELANDIAN IN DENMARK

(Text-plate IX)

The Lower Paleocene sediments - Selandian - are developed in Denmark as well as
in Sweden. They are especially well developed on the islands Zealand and Fyn. In Jutland they
only occur in the north-eastern part, i.e. in the Aarhus and Randers region. Moreover, they
are known from several borings. The Danish Paleocene sediments are called Selandian, according
to ROSENKRANTZ'S definition (1924).

Selandian comprises a series of green , glauconitic sediments, overlying the limesand or
the white bryozoan limestones of Danian age , and underlying tuff-bearing series of the lower­
most Eocene. Its lower boundary is easily to recognize from a palaeontological, as well as from
a petrographical point of view.

The earliest known deposits of the Danish Paleocene are the greensand sediments at
Lellinge, a small locality on Zealand, situated 30 km. south-west of Copenhagen. FORCHHAMMER
described them in 1843, first as older than the Senonian white chalk, later on as younger than
the white chalk, but earlier than the Saltholm limestones of Upper Danian age . Some years
later the same author described them as younger than the Saltholm limestones and placed the
Lellinge greensand in the uppermost part of the Cretaceous system. Further, VAN KOENEN (1886)
stated that the greensand at Lellinge must be related to the Vestre Gasvaerk sediments, found
in some excavations in Copenhagen, and must be placed into the Paleocene - Tertiary. During
excavating work in the harbour of Copenhagen , the knowledge of the Paleocene's greensand
was enlarged . A conglomerate was found there in the contact with the Saltholm limestone. It
was named Crania limestone, because it contained many shells of Crania tuberculata NILs.
The conglomerate was first placed by GR0NWALL (1899) into the Danian, in spite of the fact
that the type of rock differs considerably from the Danian one. Later on, ROSENKRANTZ'S
careful investigations (1920) of the Crania limestone sections showed that the hard Crania
conglomerate constitutes the basal part of the Paleocene greensand and is provisionally named
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the Upper Crania lime stone, while other parts of GR0NWALL'S Crania limestone belongs to
the Uppermost Danian and is named Lower Crania limestone. Meantime the Kerteminde marl,
having a wide distribution in west Zealand and Funen had been discovered and placed into the
lowermost Tertiary. GR0NWALL stated that the main part of this series is later than the Lellinge
greensand series. Finally it was stated that the Paleocene in Denmark was divided into two
substages - groups. The lower being glauconitic comprises greensand and the lower Kerte­
minde's marl, upper group comprises rather clayi sh , partly shaly clayish series, so-called Upper
Kerteminde »marl«. The strata of the Upper K erteminde mar! are mostly noncalcareous. The
term »rnarl« therefore is not quite relevant.

The petrology of th e sed imenta ry rocks of Denmark is given by GRY (1935).
Recently ROSENKRANTZ (1963 - Coil. Wien) stated that the Lower Selandian is corres­

ponding with the upper part of Calcaire grossier de Mons, while the Upper Selandian - with
Thanetian of Belgium. .

The foll owing foraminiferal assemblage was stated by BANG (in RASMUSSEN, 1960, Guide
to exc. C37) in Hvallose qu arry in northern Jutland Lower Paleocene glauconitic clay: Ataxo­
phra gm oides frankei BRoTz EN, Robulus klagshamnensis BROTZEN, Planularia discus (BROTZEN),
Citharina plumoides (PLUMMER), Dentalina multilineata BORN., Tappanina selmensis (CUSHMAN),
Eponides lunata BROTZEN, Gavelinella lellingensis BROTZEN, Cibicides proprius BROTZEN, Ano­
malinoides danica (BROTZEN), A . nobilis BRoTzEN, Osangularia sp. , Karreria jallax RZEHAK
and Ceratobulimina tuberculata BRoTzEN.

The present writer recorded in the sample from Hvallese quarry, 20 cm. above the con­
glo merate, the following fo raminifers: Clavulina parisiensis, Trochammina inflata, Pseudoglandu­
lina cylindrica, Lagena sulcatijorm is, L. ellipsoidalis, L. hispida, L. vulgaris, L. geometrica,
L. hexagona , L. striatopunctata , Fissurina seguenziana, Svenia megalopolitana, Marginulina pedi­
formis, M . p lummerae, Cith arina plumoides, Planularia discus, Robulus degolyeri , R. rancocasensis,
Bulimina ovata , B. paleocenica, B . trigonalis, B. arkadelphiana, Tappanina selmensis, Ramulina sp. ,
Sigmomorphina brotzeni, S. pseudoregularis, Glandulina laevigata, Guttulina amygda loides,
G. problema, G. irregularis, G. comm unis, Globulina gibba , Gyroidina subangulata, Valvulineria sp .,
A llomorphina halli, Eponides lunata, Bolivinoides peterssoni, Pulsiphonina prima, Cibicides pro­
prius, C. ek blom i, C. sahlstroemi, C. jforidanus, C. succedens, Anomalinoides nobilis, A. danica ,
Globigerina triloculinoides, G. compressa, G. pseudobulloides, G. daubjergensis, Pullenia am ericana,
Ceratobulim ina tuberculata and Stensioeina caucasica .

In Lellinge Lower Selandian green sands the present writer recorded: Tro chammina injfata,
Lagena sulcatijormis, L. reticulata, L. multicostata, L. ellipsoidalis, Svenia megalopolitana,
Pseudoglandulina cylindrica, Marginulina pedijormis, Saracenaria jarvisi , Astacolus trigonatus,
Planularia discus, Frondicularia biform is, Ro bulus klagshamnensis, R. hornerstownensis, R. wilco­
xensis, Guttulina amygdaloides, G. roemeri , G. communis, Bulimina ovata, B. paleocenica, Pleuro­
stomella 'paleocenica, Angulogerina cuneata, Sigmomorphina brotzeni, S. pseudoregularis, S. geijeri,
Tappanina selmensis, Bolivinoides paleocenica , A labam ina midwayensis , Eponides lunata, Pullenia
am ericana, P. coryelli, Gavelinella lellingensis, Allomorphina halli, Anomalinoides nobilis, A . danica,
Osangularia cordieriana navarroana ( = O. lens) , Gyroidinoides octo camera ta, Ramulina sp.,
Guembelina wilcoxensis, Cibicides succedens, C. proprius, Globigerina trilo culinoides, G. daubjer­
gensis, Globigerinella sp. and Rosalina ystadiensis.

In a sample received kindly from Professor A'. ROSENKRANTZ from Kerteminde marl ,
the present author ha s recorded following species : Spiroplectammina laevis, Clavulina parisiensis,
Bulimina paleocenica, B . ovata, B. arkadelphiana, Svenia megalopolitana, Guttulina muensteri,
G. problema, G. communis , Glandulina laevigata, Sigmomorphina brotzeni, Stensioeina caucasica,
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Pulsiphonina prima , Eponides lunata, A llomorphina hofkeri n, sp., Gyroidina subangulata, Pullenia
americana , Tappanina selmensis , Nonionella troostae troostae, A labamina midwayensis , Osan­
gularia cordieriana navarroana ( Parrella lens) , Ceratobulimina tuberculata, Globigerina
daubjergensis, G. (Eoglobigerina) quadrata , Polymorphina sp., Anomalina danica, Cibicides sp.
(probably new species).

In another sample received also from Professor A. ROSENKRANTZ from the Vestre Gasvaerk
excavations made in 1930 (Gas container no. 5, level - 6·17 m. to 6·34 m.) the present
writer has recorded following species: Spiroplectammina sp., Robu lus rancocasensis, Saracenaria
hamata, Bulimina ovata, B. paleocenica, Tappanina selmensis, Guttu lina muensteri, Eponides
toulmini, E. lunata, Pulsiphonina prima, A labamina midwayensis, Pullenia americana paleocenica,
Allomorphina halli, Bolivinopsis scanica, Pseudoparrella limburgensis , Rosalina ys tadiensis,
Valvulineria rami, Gyroidinoides soldanii, Ceratobulimina tuberculata, Globigerina daubjergensis,
G. triloculinoides, G. cf. varianta, Cibicides commatus, C. simplex, C. succedens, C. sahlstroemi,
Anomalina danica, A . ekblomi, Anomalina sp. (probably n. sp.).

DANIAN IN SWEDEN

(Text-plate IX, Table 6)

In southern Sweden (Scania) the sediments of the Danian and Upper Maastrichtian ­
Stevnsian are well exposed in the huge Limhamn quarry near Malm o, where they have been
described indetail by BROTZEN (1959). Upper Maastrichtian rocks exclusively outcrop at the
bottom of the quarry. They consist of white, rather hard limestones, indistinctly stratified ,
containing grey-black flints. Macroscopically' they do not differ hardly from the overlying
Danian sediments. They contain Scaphites (Hoploscaphites) constr ictus Sow. , an index
ammonite species of the Maastrichtian, also Echinocorys ovata and spines of Tylocidaris baltica.
In Sweden these strata do not - as in other European areas - term inate in an indurated layer
of typical hard ground.

In Limhamn, Danian rocks represented by an eighty metres thick series of soft, white
bryozoan-coccolithic limestones, overlie the Upper Maastrichtian (Stevnsian) deposits. The
bryozoans there occur as lense-like lenticular accumulations, forming typical bioherms. Their
thickness is several times that of the bryozoan bioherms in the Danian of Denmark, but their
length is considerably shorter. These lenses are domed strongly inflated towards the top. Fine
coralline accumulations occur locally on the margins of the lenses. Towards the top of the Danian
series, the number of coralline accumulations gradually increases so as to become the predo­
minant element of the limestones in the top of the quarry, from where the bryozoan bioherms
have already disappea red. Only in the coralline limestones do these sediments display some strati­
fication. Flints occur in both types of limestone as large, black , angular concretions to a certain
extent overlapping and fringing the individual bryozoan structures - bioherms.

The uppermost parts of the Upper Maastrichtian - Stevnsian is rather insignificantly
indurated. The small, barely detectable depressions on its surface are filled in by sediment from
the overlying bryozoan limestones. These minute pockets, indicating the erosion of the
Maastrichtian surface, seem to suggest the existence of a certain temporal hiatus, corresponding
to the indurated hard ground layer between the Upper Maastrichtian and the Danian, found in
other part s of Europe. Three bryozoan bioherm horizons have been distinguished by BROTZEN
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(1959) at Limhamn: the lowermost belongs to the Lower Danian, the two higher - to th e Middle
Danian.

The zonation of the Danian is established on the occurrence of spnies of the Ty locidaris.
The species of Tylocidaris change in different zones and some years earlier have been used as
guide fossils in Denmark.

In the Lower Danian of Sweden , Echinoeorys sulcatus occurs side by side with the charac­
teristic echinid spine s of Tylocidaris oedumi BRUNNICH N IELSEN, T. abildgaardi RAVN and
T. windi BROTZEN. The thickness of the Lower Danian averages ea . 10 m.

The boundary between the Upper and the Middle Danian is well marked as the seco nd
and third bioherm systems, belonging to the Middle Danian, differ somewhat in character
from that of the first Lower Danian system. In the Middle Danian one can find th e index
echinid form Tyloeidaris rosenkrantzi BROTZEN, which characterizes the second system of
bioherms, also T. bruenniehi RAVN - an index form for the thi rd system. Each of these systems
is ea. 35 m. in thickness and has a rather poor macrofauna. The only abundant forms are
Eehinoeorys suleatus , E. obliquus, Crania tubereulata NILS. and Hereoglossa danica (SCHLOTJIEIM).
The occurrence of H. daniea in Sweden as in Denmark seems confined to the M iddle Danian.
The Middle Danian attains a considerable thickness. In southern Sweden it is 100 m. an d
increases distinctly to the south-east, where the bryozoan limestones disappear and are rep laced
by pelitic limestones .

The Upper Danian of Sweden has been described in detail by BROTZEN (1938, 1948, 1959).
BROTZEN'S description provides a clear picture of this horizon which is easily distinguisha ble ­
from the Middle Danian. It is completely stratified, consisting of alternating beds of soft and
hard limestones, and of more or less irregularly emb edded black flint layers, one of which
attains a thickness of as much as 0·5 m. The bryozoan bioherms, so characteristic of the Middle
and Lower Danian of Sweden , are absent, though quite a number of detached bryozoan remains
are encountered in the sediment. The limestones are typical, rather soft and pelitic coccoli thic
rocks crowded with calcite crystals. This type of Upper Danian rock is known under various
names by various authors. Thus they are called limesand, limestone or »Saltholm limestone« ­
after the name of an island, where Upper Danian bed s are particularly well developed, »coccolith
limestone« in view of the presence of coccoliths, or »calcarenite« used by TROELSEN (1957) be­
cause of the abundance ofcalcite crystals. These limestones contain nume rous coccoliths, mostly
belonging to Cribrosphaerella danica BROTZEN (1959). The faunal changes between the Middle
and the Upper Danian are clearly indicated by the appearance in the Upper Danian of Tylocidaris
vexillifera SCHLUTER (according to ROSENKRANTZ), Tyloeidaris herupensis quoted by BROTZEN,
there is only a form of Tylocidaris vexillifera. BROTZEN stated the absence in Denmark of the
lower part of the Middle Danian which, according to him, ha s probab ly been outwashed,
however in ROSENKRANTZ'S opinion (oral information) thi s ho rizon is prese nt in Denmark in
Stevns Klint.

According to VOIGT (1929) and ROSENKRANTZ (1931), th e basa11ayer of the Upper Danian
limesand series in the northern part of the Limhamn quarry is fo rmed by a coarse conglomerate,
consisting of glauconite-coated limestone pebbles. Similar conglomerat es occur at the same
level on Saltholm and in Herfolge (Zealand) (ROSENKRANTZ, 1925). In Zealand, the T. bruennichi
zone , representing the higher part of the Middle Danian, rests directly as in Scania on th e
Tyloeidaris rosenkrantzi zone.

The Upper Maastrichtian (Stevnsian) at Limhamn is characterized by th e presence of
such index foraminifers as Neojlabellina reticulata (R EUSS) and Stensioeina pommerana (BROTZEN).
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According to BROTZEN (1959) the following forms are likewise characterist ic of that stage :
Bolivinoides dorreeni FIN., B . peterssoni BROTZEN s. str., Dorothia bulletta (CARS.), Pseudo­
uvigerina cimbrica (TROELSEN), P . rugosa BROTZEN, Epon ides frankei BROTZEN, Pseudotextularia
elegans RZEHAK and Cibicides bosqueti (MARSSON).

Besides the above mentione d species the following important form s, which do not pass
from the Maastrichtian to the Danian , are also present there : all the species of genus Biglo­
bigerina, Rugoglobigerina, Globotruncana , Frondicularia , excluding F. biformis MARSSON,
Bolivina incrassata REUSS and Pseudotextularia acervulinoides (EGGER) .

According to BROTZEN (1959), the Danian stage is chara cterized by the following foramini­
feraL assemblage :

In the Lower Danian : Globigerina daubjergensis (BRONN.), G. pseudobulloides PLUMMER,
G. compressa PLUMMER and G. trivialis SUBB. , the last named species having made its appearance
already in the higher strata of the Stevnsian .

In the Middle Danian : A taxophragmoides franke i BROTZEN, Ma rssonella oxycona (R EUSS),
Bolivina selmensis CUSHMAN, Bulimina plena BROTZEN, Spirillina vivipara EHR., S. recta BROTZEN,
S. suborna ta BROTZEN, Conorbina conula BROTZEN, Pullenia aff. americana CUSHMAN, Rosalina
aft'. ystadiensis BROTZEN, Discorbis binckhorsti (REUSS), Valvulineria laevis BROTZEN, Gyroidina
nitida (REUSS), Gavelinelfa bulla ta BROTZEN, Epon ides aft'. lunata BROTZEN, Cibicidoides con­
stricta (HAGENOW), Cibicides voltz ianus (O'ORBIGNY), c. beaumontianus (O'ORBIGNY), C. aff.
lobatulus (WALK. & JAC.), C. hemisphaera (REUSS), Anomalinoides danica (BROTZEN), A. aft'.
acuta (PLUMMER), Karreria Jallax BROTZEN, Alabamina dorsoplana (BROTZEN), Osangularia lens
BROTZEN, Coleites ret iculosus PLUMMER, Globigerina triloculinoides PLUMMER, G. daubjergensis
BRONN., G. pseudobulloides PLUMMER and G. compressa PLUMMER.

Karreria fa llax and Coleites reticulosus, which have already appeared in the Middle Danian,
become very numerous in the Upper Danian of Sweden. The new elements in Swedish Upper
Danian are represe nted by : Pseudoclavulina anglica CUSHMAN, Gaudryina cr. Jaujasi (REUSS),
Planularia discus (BROTZEN), Astacolus paleocenicus BROTZEN, Citharina plumoides (PLUMMER),
S igmotnorphina soluta BROTZEN, Bulitnina pa leocenica BROTZEN, Pyramidina curvisuturata
(BROTZEN), Angulogerina europaea CUSHMAN & Eow., Elphidiella prima (TEN DAM), Cibicides
sahlstroemi BROTZEN and Coleites danicus BROTZEN.

A great majority of the foraminifers, which belong to the Danian assemblage in Sweden,
pass into the Lower Paleocene. The Maastrichtian-Danian boundary is well indicated in contrast
to that between the. Danian and the Paleocene.

BROTZEN'S (1959) list of plan ktonic foraminifers of the Lower Danian of Limhamn is
. not quite complete. A sample of the Lower Danian of Limhamn, collected by the pre sent writer
with generous help of Dr F . BROTZEN in 1956,3 m. above the Maastrichtian-Danian boundary,
yielded the following assemblage of benthonic foraminifers : A mmo baculites cf. paleocenicus
CUSHMAN, Frondic ularia biformis MARSSON, Rohulus turbinatus (PLUMMER), Osangularia lens
(BROTZEN) (= O. cordieriana navarroana CUSHMAN), Anomalina danica BROTZEN, A . acuta
(PLUMMER), Mississippina binckhors ti (REUSS), Pullenia americana CUSHMAN, P. coryelli WHITE,
Gavelinella pertusa MARSSON, Gyroidinoides turgidus (HAGENOW), Eponides toulmini BROTZEN,
Bulimina plena BROTZEN, Cibicides voltzianus (O'ORBIGNY), c. beaumontianus (O'ORBIGNY), c.pro­
prius BROTZEN, C. simplex BROTZEN, Pseudopolymorphina ge ijeri BROTZEN, Guttulina lactea
WALK. & JAC., G. problema O'ORBTGNY, G. irregularis , O'ORBI~NY and Bolivinoides peterssoni
BROTZEN.

The numerous macrofaunal remains encountered in the Danian deposits of Denmark
have been quoted by several authors (RAVN, BRONNTCH NIELSEN, ROSENKRANTZ et al .) and are
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of considerable importance for the stratigraphy, as they are mostly representatives of Danian
fossils. In the Danian series at Limhamn th e occurrence of spines of th e echin id genus Tylo­
cidaris is also noted. They provide evidence for divid ing the Danian ser ies into 4 horizons,
as in Denmark. In Sweden , BROTZEN (1959) has worked out a nearly complete stratigraphy
of the Danian dep osits which outcrop in th e Limhamn quarry. Beginning with the Maa str ichtian
we have th ere the complete series of th e Lower and the Middle Danian, as well as th e lower
part of the Upper Danian . BROTZEN'Sst ratigra phy (1959) of these hori zon s is shown in Tabl e 6.

TABLE 6

ST RATrG RAPHY OF DANIAN BEDS IN SW ED EN
(adapted fro m BROTZEN, 1959)

I
T hickness

I I
Strat igrap hy (in m .) Ho rizo n T ype of rocks a nd fauna

UPPER Tylocidaris * vexillifera Ha rd and soft cocco lith limest o ne beds,

12- 20 SCHLih ER (hernpensis intercalat ed with flin t bed s o r strata
DANIAN

WIND) with irregul a r flint nod ules

Ty locidaris bruennichi Hercoglossa daniea (SCHL.)
MIDDLE a bo ut 30 RAVN and Tylocida- Bryo zoan b io herrns, a nd bryozoan a nd
DANIAN 30-35 ris rosenkr ant zi BRO- coralline compact limeston es

TZEN Crania tuberculata N ILs.

Soft br yozoan bi oh e rm s without co ral-

LOWER Ty locidaris oedumi
line lime st ones, wit h many flint no-

8- 12
BRUNNICH N IELsEN

dules, ir reg ula rly embedded
DANIAN

Echinocorys sulcatus GOLDF.

Brissopneustes danicus SCHL.

Hard ch alk in te rca lated by grey, clay ish

STEVNSIAN layers, thin . Black flint nodules.
(UPPER about 250 Tylocidaris baltica Echinoc orys sulcatus G OLDF., Echin ocory s

MAASTRICHTIAN)
ova/a, S caphit es ( Hoploscaphites} con-
strictus So w .

* Tylocidaris herupensis BROTZEN (WIND) wi ll be abandoned by ROSENKRANTZ (o ral information) . The Scanian

specime ns belong to Ty locidaris vexillifera SCHLUTER which is a good Upper Dan ian species .

SELAN DIAN IN SWEDEN

(Ta ble 4)

The Lower Pa1eocene sediments, called in Sweden as well as in Denmark (ROSENKRANTZ,
1924) Selandian, are developed in Sweden in the 2 following regions of Scania: at Klagshamn
and Ystad . We can observe only th eir remains in tectonic depressions, where they are protected
against erosion, where its th ickness reaches 18 m. The Paleocene bed s were well exposed at
Klagshamn in a quarry, now filled with water. They are lying there in a depression. According
to BROTZEN (1948), the Lower Paleocene conglomerate, about 10 cm. in thickness, overlies the
Upper Danian limestone. The con glomerate is composed mainly of Danian limestone pebbles,
phosphatic nodules, bone fra gments, fish teeth and fossi ls, redeposited from th e Danian sedi­
ments just as is the case of the basal conglomerate of the Selandian in Denmark. There is
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unconformity in the contact between the Paleocene conglo merat e and the uppermost Danian
limestones as in Denmark. Burrows and cavities penetrate down into the top half metre of
Danian limestones which are hardened. The burrows are filled with greenish glauconitic sand ,
penetratin g horizontally into fissures between the Danian limestones. Some c1ayish greensand,
containing a single coral Sphenotro chus latus, are exposed at Klagshamn and can be noticed in
borings south of Malmo and near Ystad.

A similar conglomerate with pebbles and phosphatic nodu les was kno wn earlier in
Denmark. (The harbour and the Vestre Gasvaerk in Copenhagen and Hvall ose). In both
conglomerates, in Sweden as well as in Denmark, numerous fossils such as mollu scs, brachio­
pod s, echinoderms, are to be found. The majo rity of them are reworked. Crania tubereulata and
Crania posselti are also presen t there derived. The conglomerate gradually changes into green
sediment without pebbles and nodules and contains a great deal of clayish matter and very
abundant foraminifers described by BRoTzEN (1948). Macrofossils (belonging mainly to pele­
cypod s and gastropods), on the contrary, are rather ra re and in a bad state of preservation.
There are few arenaceous foraminifers and only two species arc characteristic for layers of this
age, while in Poland much more arenaceous species can be foun d. The family Miliol idae is
represented in the Swedish Lower Paleocene by 4 species only, and in Poland by 2 species,
whereas in both coun tries the Lagenidae occur in great abun dance, their frequency is about
6 per cent. Some of the species belonging to th is family are very impor tant in stratigraphy and
restricted to the Paleocene, e. g. species belonging to big Robulus, Palniula, Planularia and Asta­
eolus. The Polymorphinidae and Buliminidae are abundant also, but the most important are
species of the Rotaliiformes group. According to BRoTzEN (1948), two species : Lamarckina
naheolensis and Ceratobulimina perplexa would be regarded as index fossils, while Lamarekina
rugulosa, th e index species in Midway and Poland, is lacking in Sweden. Th e Lower Selandian
of Denmark may be considered as an equivalent of the Montian of Belgium, which conformably
covers the Tuffeau de Ciply. Danian and Lower Selandian is provisionally termed by RosEN­
KRANTZ the Dano-Paleocene. This author considers th is series of strata as a uni t lying just below
the Thanetian.

The Middle Paleocene sediments are known in Sweden only as boulders containing a rich
mollusc and foraminiferal fauna, which indicates sedimentation conditions far away from a shore
line (BRoTzEN, 1960). They are known as so-called»Maglehem boulders«. They represent a facies
very different from other localities of the occurrence of the Paleocene sediments in Sweden.

DANIAN AND MONTIAN IN BELGIUM AND THE NETHERLANDS
(Text-plate IX; Table 4)

The Danian and Paleoccne sediments occur in two regions of Belgium, i.e. in the Mons
Basin, south-west Belgium, and the Limburg Region located in north-east Belgium and
extendi ng to the territory of the Netherlands . These regions are divided by the Brabant massif
which forms the central part of Belgium and stretches north-west of the Ardennes.

THE MONS BASIN

The Mons Basin constitu tes a small area , situated in the eastern peripheries of the great
Paris Basin, its main feature being a more or less comp lete sequence of sediments from the boun­
dary of the Cretaceous and the Tertiary. In the centre of the Paris Basin there are considerable
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hiatuses, covering at least the entire Maastrichtian. On th e other hand , the area of Belgian­
Dutch Limburg constitutes a part of the great N orth-European Upper Cretaceous basin, extend­
ing from England to Poland. During the Danian and Lower Paleocene, these basins were pro­
babl y tempo rarily connected in the area of central Belgium an d, cer ta inly, in the coastal
terri tor ies of north-west Belgium. Hence - the co nsiderable faunistic , and partially, lithological
similarities.

In the Mons Basin , the transgression prod ucts of the M idd le Albian, successively covered
by the deposits of the Upper Cretaceous, the Maastrichtian and the Danian included, with
stra tigraphical hiatuses seldom met with, rest on Wealdi an sediments . From the Coniacian up
to and including the Lower Maastri chtian, sediments are almost purely carbonate in character,
represented in thi s basin by a series, called »Assise de Spiennes«, consisting of the layers called
»Craie phosphatee de Ciply« and »Craie de Spiennes« (MARLIER~, 1954). This is a chalk facie s,
while a detritic faci es, extending up to and including the Montian begins in the M aastrichtian,
resting on the former. These are yellowish, detrit ic limestones of an organic origin , of the
»tuffeau« type, com pact or porous which - in the Maast richtia n - co nta in belemnites, but do
not contain any ammonites.

THE DANIAN »TUFFEAU DE CIPLY«

A series of whit e detritic limestones, called »Tuffeau de Cip ly« rest on the »St . Symphorien«
series of the Upper M aa strichtian sediments . These limestones are litho logically very similar
to the M aastrichtian tuffeau of the Albert Canal in the Limburg Region. They consist of light,
soft, very loose and, as a rul e, con siderably homogeneous rocks, containing very large, irregularly
shaped, gray-black flint s which outcrop in the form of a few strata. The macrofauna of the
Tuffeau de Ciply series is, in genera l, very poo r. There are no ammonites, belemnites an d
inoceramids. The lower part of this series abo und in Bryozoa re mai ns . The genera l thickness
of the Tuffeau de Ciply series in outcrops am ounts to over 20 m.

The detritic limestones of the Tuffeau de Ciply res t on the so-called »Po udingue de la
M alo gne« layer which separates thi s ser ies from an underlying bed, called »Tuffeau de St.
Symphorien« of uppermost Cretaceous, i. e. Upper Maastrichtian age (MARLIERE, 1954).
Poudingue de la Malogne plays the role of a basic conglomerate of the Danian transgression,
whereas Tuffeau de Ciply seem s to be not separated by any conglomerate from the Mont ian
limestones, but rests on them, and gradually passes into them. It is only the sediment from
the boundary between the se two series th at contains an insignificant admixture of poli shed grains
of quartz and glauconite (MARLIERE, 1957). However , such admixtur e of detritic grains is
repeated in layers, from time to time, in this series. Besides outcro ps, the Tuffeau de Cip ly
limestones were found when an artesian well was drilled at the site of the Polytechnic College at
Mons. They were recorded at depths, ranging fro m 1Il ·5 m. to 151 m. and, therefore, their
thickness in that drilling reached about 40 m. They con stitute the thi rd local level, with Cytherel­
loidea, previously (1958) numbered by M ARLIERE in the Montian and no w (also by him, 1962)
in the D anian. The entire material of that drilling was elaborated in detail by MARLIERE (1957,
1958), who - on the basis of the ostracods - divided it into 3 levels : 1) Triginglymus beds,
2) Cy theretta beds and 3) Cytlzerelloidea beds.

The Tuffeau de Ciply detritic limestone series was originally regarded by D EWALQUE(1868)
as part of the Maastrichtian. This opi nion was shared by CORNET and BRIART (1885). Later,
this series was referred to the Tert iary (RuToT, 1885 ; VAN DER BRoEcK, 1885). This view was
suppo rted by LERICHE (1937), GUBERT (1957) an d MARLIERE (1962, presented at the Bordeaux
Colloqium) . At present, the Danian age is ascribed to these limestones. It was Globigerina
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daubjergensis, found by TROELSEN in the Tuffeau de Ciply and confirmed by LOEBLIcH and
TAPPAN (1957), that indicated the Danian age of this series. Many faunist ic ana log ies between
the Tuffeau de Ciply and the D anian of the type localities (Fakse and Stevns Klint)
have been mentioned by E. VINCENT (1930), mostl y co ncerning mollusk s, and quite
recently recorded by WIENBERG RASMUSSEN ( 1962). The following forms have been determined
by him as common and entirely restricted to the Danian : Tylocidaris bruennichi, Ceramaster
granulatus, Bourgeticrinus danicus, Ditrupa schlotheimi, Democrinus max imus, M egathyris
bruennichi, Argyrotheca pindborgi and Spirorbis ascendens. Consequently, a n opinion wa s
expressed by WIENBERG RAsMUSSEN that the Tuffeau de Ciply series most probably represents
the Middle Da nian age. O n the other hand, the Lower Pal eocene (Lower Montian) age of the
Tuffeau de Ciply is maintained by HOFKER (1960, 1961) .

Several species of ostracods co mmo n to the Tuffeau de Cip ly a nd the »post-Maastrichtian«
of the Belgian-Dutch Limburg, a mong others, Caudites aff. orchidea BOSQUET, Brachycythere
pustulosa MARLIERE and Puriana ciplyensis M ARLIERE, were found by D EROO (1959) in the level
containing Cytherelloidea, now recko ned in t he Tuffeau de Ciply.

The following species of foraminifers, fo und in the Tuffeau de Ciply and considered by
HOFKER (1961) as b elonging to the Montian, are: Globorotalia pseudomenardii, G. ehrenbergi
and G. pusilla laevigata. A complete absence of the Globigerina pseudobulloides and G. daubjer­
gensis, cited by LOEBLICH and TAPPAN (1957), has been noted by HOFKER who found instead
an "assemblage of Globorotalia analogous to that, well-k nown in the Paleocene of central Tri­
nidad (LoEBLIcH & TAPPAN, 1957 ; BOLLI, 1957). T his, however , has not been confirmed by any
other author. It is true that these foraminifers are very poorly preserved , heavily incrusted and,
thus far , have not been elaborated in detail. The author of the present paper has identified
the following spe cies co nt ained in a sample of the Tuffeau de Cip ly, taken at a height of 6 m.
above the base of this series : Textularia bunensis v. BELLEN, M arssonella keijzeri v. BELLEN,
Angulogerina cf. wilcoxensis CuSHMAN & PONTON, Guttulina problema O'ORB., Globulina gibba
O'ORB., G. arenacea BROTZEN, Sigmomorphina soluta BROTZEN, Karreria f allax R ZEH., Pulsi­
phonina prima (PLUMMER), Rotalia saxorum O'ORB. , Eponides toulmini BROTZEN, E. minimus
(CUSHM.), Anomalina ekb lomi (BROTZEN), A . danica BROTZEN, A . burlingtonensis (JENNINGS),
Cibicides ornatus V. BELLEN, C. proprius BROTZEN a nd C. commatus MOROZOVA. This is an assem­
blage of foraminifers common to the Danian and Montian of Poland, but st ill lacking the typi­
cally Paleocene elements, characterist ic of the Lower Paleocene of Swed en , D enmark, Poland
and other countries. These lacking species are : Ceratobulimina tuberculata, Lamarckina rugulosa,
L. naheolensis, LoxOSt0111Ul11 applinae, Rob ulus degolyeri, Astacolus gryi and some others. At any
rate, the absence of the Paleocene eleme nts from the foraminiferal fauna of the Tuffeau de Ciply
indicates its D anian age .

THE MONTIAN »CALCAIRE OE MONS«

A series of the Calcaire de Mons sediments res ts on the Tuffeau de Ciply detritic limestones
and is not separated from them by any disti nct u nconformity. These a re thick series, so-ca lled
»Calcaire grossier«, here and there co ntaining a r ich fauna of pelecypods a nd gastropods.
Brachiopods and fre sh water forms already occu r wit hin this assemblage. Pelecypods and
gastropods are accumulated to such an extent that, in some places, the rocks form typical
»lu machelles«. Here and there the limestones are coralline in cha racter a nd in the lower part ­
organo-detritic with intercalations of a hard , co mpact limes to ne. The U pper Montian fre sh
water sediments rest on this series (MARLIERE, 1954). They are represented by gray a nd black
marls with lignite intercalations .
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No Montian limestones outcrop on the surface of the soil. They were found in 1903 when
an artesian well was being drilled at the site of the Polytechnic College at Mons. Their thickness
amounted there to 45 m. It has been made clear from MARLIERE'S elaborat ion (1957, 1962),
based on ostracod fauna that three hori zon s can be distinguished within the Calcaire de Mons
series, of which only the two are considered at present to belong to the Montian , i.e. the Trigin­
glymus and Cytheretta beds. Foraminifers have not as yet been fully elaborated. It should be
emphasized that they are rather poorly preserved, in some ho rizons obliterated by incrusta­
tions of very fine calcite crystal s, in other hori zons slightly worn out. The foraminifera l
assemblage contains numerous large Foram inifera over 1 cm. in dia meter, lar ge number of
representatives of Miliolidae and Polymorphinidae, all with rather thick tests.

The facies of Calcaire de Mons in samples, sent kind ly to the writer by Prof. R. MARLlERE,
represents reef and detritic reef sediments of shallow, warm, littoral seas and is the next stage
in the evolution of this part of the sea basin, commencing with the Middle Maastrichtian and
approaching the Mediterranean facies.

The microfauna contained in Calcaire de Mons is completely different fro m that of the
same age in Poland, where there was almost no influence of warm seas and where the climatic
change s were minimal. A certain similarity with Pola nd is still to be found in the underly ing
Tuffeau de Ciply series, where the micro fau na has not such a typical reef-like, war m and sha llow
character.

DANIAN STAGE IN Ll M BURG REGI O N
(Text-plate IX)

Outcrops of the Upper Cretaceo us and layers bordering upon the Tertiary occur along
the Albert Can al in the Belgian Limburg and on the Geul River in the Dutch part of this region .
They are particularly well developed in the neighbourhood of Vroenhoven, Belgium and in the
Dutch quarry at Curfs. Layers, situated on the boundary between the Cretaceous and the Ter­
tiary of the Belgian-Dutch Limburg, have recently been described in detail by MEIJER (1959).
It was precisely in thi s region that the Maastrichtian horizon was established by DUMONT
in 1849, the concept of the Maastrichtian of this' author being layers of a loose, organo-detritic
limestone, so-called »tuffeau«, containing fossils with Belemnella casimirovensis SKOLOZ.,
Scaphites (Hoploscaphites) constrictus Sow., Sphenodiscus binckhorsti BOHM and Hemiaster
prunella (LAMARCK), which are index fossils of thi s horizon . Now , on ly the Up per
Maastrichtian is recognized in the se layers.

The tuffeau series of the Maastrichtian terminates in a locally hardened layer or, a rea lly
hard ground with an une ven surface, cut by numerous cavities and burrows, filled with younger
sediments. At the Curfs quarry, they are represented by bright green glauconi te sands, as well
as by coarse-grained, loose, organo-detritic limestones of the »tuffeau« type , in which inter­
calations of coarse-grained quartz sands with Upper Maastrichtian fossil remains such as bele­
mnites, Thecidea papillata and Hemipneustes striato-radiatus, reach a level of I m. above the sur­
'face of the hard ground. Thi s series shows a distinct current sedimentation and is somewhat
similar to the »siwak« series, occurring in central Pol and . This similarity con sists, among others,
in the fact that, in the Netherlands, thi s series contains many hard calcareous nodules which are
not sharply separated from the rock and occur in ever larger quantities, increasing towards the
top, where they are embedded. Crania brat tenburgica (SCHLOTHEIM), a brachiopod characteristic
of the Danian, occurring in Denmark and Sweden, known as Crania tuberculata NILSSON,
and - in Limburg - represented by the subspecies Crania brattenburgica geulhemensis
(KRUYTZER& MEIJER, 1958), is numerous in the upper part of this series. Recently, a revision of
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species belonging to the Crania genus has been made by ROSENKRANTZ (1964), who assigned
Crania tuberculata NILSSON (syn. brattenburgica SCHLOTHEIM) to a new subgenus Crania
(Danocrania) ROSENKRANTZ, 1964.

An analogous .section is observed at Vroenhoven (on the Albert Canal). A series of loose,
marly, organo-detritic sediments of the »tuffeau« type rests on the Upper Maastrichtian sedi­
ments , represented by the local Md horizon and terminating in a layer of hard ground. This
series of the tuffeau contains a considerably larger admixture of glauconite than those on which
it rests and is bright green in colour. It also contains several hard calcareous beds similar to those
at Geulhem in the Curfs quarry. This series was called Me by HOFKER (1956, 1957) who con­
sidered it to be a passage layer between the Md tuffeau sediments, being - according to him ­
not of Danian but rather Paleocene age. MEIJER (1959) maintains that it is incorrect to denote
this series by the symbol Me, since this implies that it belongs among the lower sediments marked
by Ma, Mb, Me , Md, these in turn implying that it belongs to the Maastrichtian. The cal­
careous beds, occurring within this series of tuffeau which is younger than the Maastrichtian,
resemble to a considerable extent the typical thin layers of hard ground as they are perforated
in many places and cut by burrows. Most fossils, concentrated on the surface of these hardened
beds, are of Maastrichtian origin and are reworked, while they do not occur in general in
the tuffeau itself.

The outcrops mentioned above, located both at Vroenhoven and the Curfs quarry, supplied
MEIJER (1959) with a rich microfauna on the basis of which, particularly the pelagic foraminiferal
assemblage of the tuffeau, this author identified the Danian age of these sediments. The occur­
rence of Globigerina daubjergensis BRONN., G. compressa PLUM., G. pseudobulloides PLUM.
and Globorotalia ex gr. compressa was recorded in these sediments, while the Globigerina
triloculinoides PLUM., usually accompanying this assemblage of the pelagic foraminifers, was
absent.

The following assemblage of the benthonic foraminifers of the same layers was found by
the present writer in samples collected with scientific assistance of Dr M. M. MEIJER: Para­
rotalia tuberculijera (Rss.) , Eponides toulmini BROTZ., Neoconorbina sp. , Pulsiphonina prima
(PLUM.), Osangularia lens BROTZ. (= O. cordieriana navarroana (CUSHMAN)), Gyroidina octo­
camerata (CUSH. & HANNA), Anomalina danica (BROTZ.), Cibicides ekblomi BROTZ., C. simplex
BROTZ. , C. voltzianus (o'ORB.), Robulus turbinatus (PLUM.), Bolivinoidespolonica Poz. and Sigmo­
tnorphina brotzeni HOFKER. A similar assemblage was discovered by this same author at Geulhem,
in the CUffs quarry: Eponides toulmini BROTZ., Karreria fallax RZEH., Coleites reticulosus
PLUM., Mississippina binckhorsti (Rss .), Gyroidina octocamerata (CUSH. & HANNA), Pararotalia
tuberculifera (Rss.) , Pulsiphonina prima (PLUM.), Alabamina midwayensis BROTZ., Anomalina
danica BROTZ., Cibicides ekblomi BROTZ., Sigmomorphina brotzeni HOFKER, Robulus midwayensis
(PLUM.), Frondicularia biformis MARSS., Globigerina daubjergensis BRONN. and Calcarina sp.

The foraminiferal assemblage, mentioned above, is also well-known as belonging to both
the Lower Paleocene (the Montian) and the Danian, since the microfauna of these two geological
stages is very similar. However, the Globigerina daubjergensis and Bolivinoides polonica, abun-.
dantly represented, are well-known primarily as belonging to the Danian. There are only a few
specimens of these species that pass to the Montian. On the other hand, in the assemblage,
mentioned above, lack these Paleocene elements which were never recorded in the Danian of
Poland, Sweden, Denmark and the Crimea. The age of the post-Maastrichtian sediments at
Vroenhoven and Curfs seems, therefore, to be correctly estimated by MEIJER (1959) as Danian.
HOFKER'S interpretation is, however, different (1957). Numbering the tuffeau (Ma-Md) layers ,
together with the hard ground layer in which they terminate, to the Danian, HOFKER classed



FORAMINlFERA AND BIOSTRATlGRAPHY 33

the upper-lying tuffeau layers among the Paleocene sediments. An impoverished fauna of the
Maastrichtian stage; as well as various elements undergoing evolution to the Paleocene fauna,
were found by him in these layers. This is based on the »true orthogenesisc-theory of the
evolution of the foraminifers, related by HOFKER to the Globigerina dauhjergensis BRONN.,
but - according to BERGGREN (1962) - belonging to the Rugoglobigerina macrocephala BRONN.
in Maastrichtian.

The Danian age of the post-Maastrichtian beds in Limburg was recently confirmed by
WIENBERG RASMUSSEN (1962) on the basis of the echinoderm remnants. A close affinity of
the post-Maastrichtian tuffeau to the Danian sediments of Denmark was proved by this author
whose studies on the Crinoidea and Asteroidea remnants have indicated that almost all species
identified by him occurred both in Limburg's Me and in the Danian of Denmark. The most
important are columnals of the Bourgeticrinus danicus, a species restricted to the Danian only,
Democrinus maximus, Metopaster (Metopaster) carinatus, M . kagstrupensis, Stauranderaster
miliaspenceri, the latter characteristic of the Lower Danian zone, Valettaster granulatus and
some other species. MEIJER'S stratigraphical conclusions (1959) are fully confirmed by the pre­
sence of the Tylocidaris bruennichi RAVN, an index fossil of the Middle Danian of Denmark,
in the post-Maastrichtian sediments, occurring at the Albert Canal. Interesting data were
supplied by DERoo (1959) who discovered the presence of an analogous ostracod assemblage
in the post-Maastrichtian layers and in the series of the Tuffeau de Ciply.

The Danian tuffeau layers, occurring in the Belgian-Dutch Limburg, are much more
calcareous and calcareous-detritic as compared to sediments of the same stage, recorded in the
Polish Lowland. As regards the lithological aspect, they show some similarity only to the
Montian sediments of the Pamietowo boring (northern Poland), developed in the form of loose,
organo-detritic, calcareous sediments approximating in quality the tuffeau type.

Most probably, the hard ground of the Upper Maastrichtian in Limburg is of the same
age as the hard ground at G6ra Pulawska and Zyrzyn, Poland (recorded in borings). In Limburg,
there is no equivalent of the 'Zyrzyn layers, that is of a sediment series younger than the hard
ground and undoubtedly still belonging to the Maastrichtian. The Danian layers in Limburg
are certainly strongly condensed since they are not only much thinner than in the type region,
that is Denmark and Sweden, but also they represent a very condensed series even as compared
with the Crimea, Georgia and Poland. At any rate, the occurrence of the Middle Danian is
indicated by the presence of the Crania brattenburgica 2 and the Tylocidaris bruennichi.

DANIAN AND MONTIAN OF THE CRIMEA
(Text-plates VIII , IX ; Table 4)

The Crimea and the Caucasus are intermediate areas between platform or epicontinental
and geosynclinal formations of many series. The Upper Cretaceous in the Crimea is entirely
platformic, while in the Caucasus it is only partially so. Particularly interesting are the Upper Cre­
taceous formations of the western or little Caucasus where, in several places, the platformic
and geosynclinal facies overlap.

2 Crania (Danocrania) gel~/"el/lellsis KRUYTZER & M EUER - see R OSENKRANTZ, 1964, p, 515.
Palaeon tolo gia Polonica N o. 14 3
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A transformation of the geosynclinal into the epicontinental facies on the boundary
between the Jurassic and Cretaceous can be observed in the Crimea. A considerable analogy
exists both in the lithology and in the character of the fauna of the entire Upper Cretaceous
(including the Danian and the Montian) of the Crimea and of Poland, north of the Carpathian
Mountains. These beds occur in the south-western part of the Crimea where, in the Bakchisaray
region (near Simferopol), they are particularly well exposed. They have been described by
MURATOV (1960), MOSKVIN (1959, 1960) and others. The foraminiferal stratigraphy was estab­
lished by SUCKAJA (1958), MASLAKOVA (1959) and MOROZOVA (1959, 1960, 1961).

The Upper Cretaceous and lowermost Paleogene beds in the south-west Crimea, Bakchisa­
ray region , are exposed between the so-called first and second ridge, forming a kind of cuesta .
As compared to Poland, they represent a more condensed series, with more hiatuses, although
without any distinct influence of the nearby land. In spite of a general similarity, the differ­
ences, consisting in the generally greater detritic material content of Polish sediments, should
be interpreted as an absence of a land area, adjoining the Crimea , beginning from the Upper
Cretaceous (see Text-pi. I). In Poland, such land existed permanently on the territories of the
Sudeten Mountains, Upper Silesia and Holy Cross Mountains (the so-called Middle Euro­
pean Land).

The second ridge consists of deposits ranging from the Cretaceous to Tertiary, i. e. from
the Maastrichtian, Danian, Paleocene and Eocene series. Among these deposits, the Maas­
trichtian is represented by soft marls and marly sandstones, 70-80 m. thick. It is well characterized
by an index macrofauna (known in other Maastrichtian localities in Europe), comprising
Scaphites (Hoploscaphites ) constrictus, Pecten acuteplicatus and Belemnella archangielskii
( = arkhangelsk ii), the latter being an equivalent of the Belemnella casimirovensis occurring in
Poland.

The foraminiferal assemblage occurring in the Maastrichtian of the Crimea, cited by
MOROZOVA (1960), is very similar to the well-known assemblage found in the beds of the same
age in the North-European province. In the uppermost parts of the Upper Maastrichtian of
the Crimea, one can find a series of marly sandstones with a thin , hardened layer cut by numerous
burrows with the character of a typical hard ground. By its appearance and the development
of the burrows, this thin layer is fairly similar to that (described by the present author in 1952),
occurring at Bochotnica and Nasilow near Pulawy (central Poland), where it is developed in
the »opoka« rocks of the same age. In the Crimea, a series of Danian beds , beginning with
glauconite sandstone with phosphatic nodules , rests on a hard ground layer. Just above the
surface of the hard ground, relatively numerous belemnite rostra occur in this layer. This
indicates a great analogy with facts observed on the middle Vistula River in Poland. The glauco­
nite sediment , containing at its base reworked belemnites, is undoubtedly of Danian, and
not of Maastrichtian age, since, both in the Crimea and Poland, it contains an assemblage of
foraminifers younger than those of the Upper Maastrichtian.

The Danian sea in the Crimea constitutes an insignificant extension as compared to the
Maastrichtian sea. It was a very shallow, shelf sea. The Danian deposits in the Crimea consist
mostly of limestones which are sandy at the base and - towards the top - contain irregularly
shaped flints, distributed according to a certain rhythm, as well as intercalations of the »tuffeau«
type detritic limestones with numerous bryozoan pockets. In our opinion, they correspond
lithologically to the typical »tuffeau« rocks of the Canal d'Albert, Limburg, Belgium and are
particularly similar to the Me bed , outcropping near Vroenhoven. In the Crimea, this series
passes in a continuous manner into Montian sediments, which lithologically do not signi­
ficantly differ from the Danian limestones , the detritic limestones predominating to a somewhat

3*
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higher degree over compact limestones . In the top layers of the Montian , the Crimean limestones
become harder, conglomeratic and contain numerous pelecypod s and gastropods, preserved
in the form of moulds and casts. These limestones greatly resemble the Bulgarian beds of the
same age, occurring in the neighbourhood of Plevna. On the other hand, they pronouncedly
differ from the Danian and Montian sediments of central Poland , where they can be observed
in the form of a monotonous series of green-gray, calcareous »gaizes« with limestone inter­
calations. The existence of the »tuffeau« type rocks was recorded in thi s series only in the
boring at Pamietowo in northern Poland. In Poland, the passage from the Danian to the
Montian is, in this series, also macroscopically invisible and , therefore, the concept of the Dano­
Montian is applied to it.

The proces s of the Danian and the Montian sedimentations was not uniform. There
were cyclic change s. In the majority of the south Crimean outcrops and particularly in the Indol
River basin, marly layers are intercalated with much harder limestone beds. The thickness of
the limestone and the marly layers occurring bet ween them amounts to some dozen centimetres
or so . This rhythmic sedimentation is characteristic of most Danian and Montian bed s in Europe,
from the Crimea through Poland and Denmark to Belgium and the Netherlands (W. & K.
POZARYSKI~ 1959).

The Danian of the S Crime a is 40 m. thick , while the Monti an of thi s peninsula - only 20 m.
The passage from the Danian to the Montian in the Crimea is fully continuous and macro­

scopically invisible. On the basis of this fact Russian authors write abo ut a Dano-Montian
series located between two distinct levels of hard ground, i.e. the Upper Maastrichtian and
Upper Montian, the latter overlaid in turn in an unconformable manner by the glauconitic
Thanetian sediments, There exists a considerable analogy to Poland where it is also easier to
discuss the Dano-Montian series than to distinguish the Danian and the Montian separately.

In the Crimea, the Dano-Montian series is divided on the basis of the macrofauna, mostly
of echinid s, on the one hand, and of microfauna, i.e. foraminifers, on the other. These faunas
enabled the geologists in Crimea to divide the Danian from the Montian and to distinguish
two horizons in each. A certain diversity of opini on exists between Russian authors as regards
the boundary between the Danian and the Montian. The index nautiloid , identified as Herco­
glossa danica, thu s far never met with in Poland , occurs in the Danian of the Crimea. In the
Upper Danian of the Crimea, Crania [A ncistrocrania} tuberculata appears which also occurs
in overlying layers, considered by some authors as belonging to the uppermost Danian (MORO­
ZOVA, 1959, 1960) and - by others - even to the Monti an (MOSKVIN, 1960; SUCKAJA, 1958,
1960). In Poland, Crania tuberculata sensu lato is known from severa l borings at Boryszew,
Sochaczew and Plock. At all these places, it was recorded in the lowermo st Montian and not
in the Danian as in the case of the Crimea. According to ROSENKRANTZ (1964), these cranias,
found in Poland, belong to the Crania ( Danocrania) polonica RKz. a nd are very closely related
to Crania tuberculata NILS. sensu lato , but not to Crania tuberculata sensu stricto.

The occurrence of the echinid Protobrissus akkajensis and an assemblage of tiny, smooth­
walled pe1agicforaminifers, the Globigerina eobulloides, G. quadrata and G. compressa is charac­
teristic of the Lower Danian in the Crimea, although, generally speaking, foraminifers are
rather scarce in the Danian of the south-western par t of thi s country. Echinocorys obliquus,
E. 'slllcatus, E. pyrenaicus and an assemblage of the spinulose, sculptured globigerinids, Globi­
gerina triloculinoides, G. pseudobulloides and G. daubjergensis are characteristic of the Upper
Danian of the Crimea. The latter globigerinid also occurs in the lowermost Montian in Poland,
as well as in the Crimea where it is to be found in the uppermost, debat able level of the Upper
Danian or , possibly, in the lowermost horizon of the Montian.
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Thi s horizon , containing Protobrissus tercensis , is considered by MOSKVIN to belong to
the Montian. A layer of minute pho sphatic nodules, which - according to MOROZOVA ­
separates the Danian from the Montian, is - in MOSKVIN'S opinion - located in the Montian
series (see Text-plate VlII) . In a washed sample, sent kindly by Professor M. M. MOSKVIN
from Kurskoje (lndol region) from the Upper Danian (local horizon 35-38), the present writer
has recorded followin g species : A taxophragmoides frankei, Bulimina ovata, Globigerina daubjer­
gensis, Cibicides commatus, C. proprius , Anomalina praeacuta, A. danica. In another sample,
sent kindly by the same author, from Kurskoje, from the uppermost Danian debatable layer
(horizon 39-42), the present writer has recorded: Bulimina ovata, Pseudoparrella limburgensis,
Cibicides succedens, Anomalina acuta. In the horizon 43, belonging without any doubt to the
Montian, the present writer recorded: Bulimina paleocenica , Alabamina midwayensis, Osangularia
cordieriana navarroana (= Parrella lens) , Nonionella troostae troostae, Eponides frankei, Globo­
rotalia sp., Anomalina danica.

Thus far, echinids were not found in the undoubted Danian of Poland, the reason for
this being probably the fact that there are no true surface outcrops of it. It makes up a »sub­
surface form ation«. At Bochotnica and Nasilow, the Danian is known only in the form of
remnants, condensed to 0'3-004 m. of thickness. Echinids, which are found there, can derive
from the Maastrichtian, as well as from the Montian resting on it. Pelagic foraminifers, smooth­
walled globigerinids, have not been recorded in the Polish Danian. Only the spinulose, sculptured
foraminifers of the species analogous to those of the Crimea occur there. Maybe, it can be
concluded from thi s fact that in Poland there is no lower horizon of the Danian, which is quite
possible. On the other hand, an absence of the Crania tuberculata s.l. from the Danian and its
presence in the lowermost Montian of Poland might indicate a certain affinity, occurring
between the lowermost Montian layers in Poland and the uppermost Danian in the Crimea.
The occurrence of the first representatives of the genus Acarinina in the Upper Danian of the
Crimea could also support thi s supposition. Thi s concerns the following species : Acarinina
praecursoria, A . angulata and A. indolensis (MOROZOVA, 1960) which are characteristic of even
such a late series as Paleocene. Th e result s of the investigations of SUCKAJA (1958, 1960),
according to whom, an assemblage of foraminifers, contained in the uppermost Danian layer
in the Crimea, belongs rather to the Montian , seem also to prove this hypothesis. An assemblage
of foraminifers, resembling that from Klagshamn, Sweden (BROTZEN, 1948), occurs there only
in higher Montian limestones. ,

A correlation between the Dano-Montian sections of Poland and the Crimea can thus be
based on a striking analogy in the development of the upp ermost layer of the Maastrichtian,
i. e. the so-called hard ground and qui te analogous macro- and microfauna contained in it,
and on a proper correl ation of the Montian layers.

DANIAN AND LOWER PALEOCENE IN GEORGIA (U. S. S. R.)

(Text-plate IX ; Ta ble 4)

Although the Georgia (V . S. S. R.) is situated between the Great and Little Caucasus,
that is in the area of the Alpine geosyncline , the present writer ha s included the characteristic
of the Danian and Paleocene sediments of thi s coun try in the present work. Both these mountain
ranges are marked by their typically geosynclinal development and the Georgian crustal block,
located between them, is distinguished by facies which con siderably deviate from the geosyn­
clinal , approaching the platformi c character. On the area of thi s crusta I block the Mesozoic
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is insignificant in thickness. Particular horizons are some scores of metres in thickness, while
in the surrounding, typical geosyncline - several thousand metres. Layers are mostly flat,
sometimes forming only slightly marked folds with many gaps in sedimentation and almost no
traces of metamorphism. These are typically passage sediments between the geosynclinal and
platformic type .

The Danian beds in Georgia are well developed and widely spread in all "tectonic units ,
although partially eroded during the Paleocene transgression. Everywhere, they rest - as
conformable layers - on the Maastrichtian beds and are transgressively covered, mostly
unconformably, by the Paleocene sediments.

The Upper Cretaceous, Danian and Paleocene sediments were investigated and described
by TZAGARELI (1954), I. & M. KACARAVA (1960) and others.

The Upper Maastrichtian is mostly represented by limestones which contain, like every­
where else in Europe, ammonites, with Scaphites (Hoploscaphites) constrictus SOY. predo­
minating and Inoeeramus balticus BOHM, Echinocorys ovatus LEsKE, etc. A series of white lime­
stones rests on the Maastrichtian. These limestones are without ammonites and inoceramids,
but contain the index fossils: Hercoglossa danica SCHL. , Crania brattenburgensis SCHL. and
a very rich fauna of echinids such as the Micraster (Protobrissus) akkajensis WEB., Echinocorys
sulcatus GOLDF. , E. pyrenaicus SEUN. , Coraster vilanovae COTT., C. munieri SEUN. , C. sphaericus
SEUN.,C.jrechi BOHM and others (TzAGARELI, 1954).

Of the microfauna, Guembelina globulosa EHR., Pseudotextularia elegans RZEH., P. varians
RZEH., Globotruncana area CUSH. , G. eontusa CUSH., G. conica WHITE, G. stuarti LAPP and
others (I. & M. KACARAvA, 1960) occur in the beds of the Upper Maastrichtian. The following
assemblage of the foraminifers has been recorded by the same authors in the Lower Danian:
Chiloguembelina midwayensis CUSH., Gyroidina octocamerata CUSH. & HANNA, Eponides frankei
BROTZ. , Globigerina triloculinoides PLUM. , G. varianta SUBB. , G. pseudobulloides PLUM. ,
G. daubjergensis BRONN., G. compressa PLUM. , Globorotalia quasimembranacea M. KATSCH. ,
G. edita SUBB. , G. imitata SUBB. , G. inconstans SUBB. Another foraminiferal assemblage of
which the most important from the stratigraphical standpoint are Globorotalia membranacea,
G. conicotruncata SUBB. , G. conicotruncata praepentacamerata SCHUZ., has been recorded in
the upper horizon of the Danian. .

The Danian of Georgia consists, therefore, of two horizons: the Lower Danian marked
by an assemblage of small globigerinids and globorotalids, first occurring here, and the Upper
Danian with Globorotalia conicotruncata SUBB. (L & M. KACARAvA, 1960) as an index fora­
minifer of this stage.

The thickness of the Danian in Georgia varies considerably fluctuating between 20-30 and
100 m., an average figure being 40-50 m. The latter does not of course concern the flysch facies.
On the basis of the close affinity between the Upper Maastrichtian and the Danian fauna, an
analogous lithological development and a comparable deposition of strata, the view is accepted
that the Danian in Georgia still belongs to the Cretaceous system.

Gray-green marls and calcareous clays, corresponding to the Paleocene, rest on white
limestones of the Danian. An assemblage of the following foraminifers was found there
(I. & M. KACARAVA, 1960): Globigerina eocaenica TERQ., G. pseudoeocaena SUBB., Acarinina
acarinata SUBB. , A. triplex SUBB. , Globigerina Iinaperta FINLAY, Globorotalia acuta Tout. ,
G. (Truncorotalia) marginodentata SUBB. , G. (Truncorotalia) crassata CUSH. The first appearance
of foraminifers of the genus Truncorotalia, characteristic of the Paleocene of Georgia and of
the Upper Paleocene of other continents, is a distinguishing feature of this horizon. Besides,
the first discocyclines and nummulites such as Nummulites praecursor DE LA HARPE and N. per-



FORAMINIFERA AND BIOSTRATrGRAPHY 39

notus SCHAUB., occur at the beginning of the Paleocene in Georgia with Ypresian sediments,
containing Nummulites planulatus LAM. , resting on them.

According to I. and M . KACARAVA (1960), there is a considerable faunistic affinity between
the Danian of Georgia and that of the Aquitanian Basin in France. In the Aquitanian Basin,
however, th e Danian is tran sgressively deposited on the Maastrichtian. The Danian of Georgia
is, generally speaking, rather regressive in character. This is particularly marked in eastern parts
of thi s country where the horizon of lithographical limestones contains fresh water fauna ,
constituting a stratigraphical equivalent of the regressive marine Danian of Georgia's western
region s. Already a typical Tertiary fauna , represented by species common to the Montian of
Belgium (T. & M . KACARAVA, 1960) occurs in the upper layer of this horizon. The fauna of
ech inid s occurring here does not contain forms characteristic of the Danian of Denmark which
seems to prove the shallowness of this sea on the territory of the Georgian crustal block.

Thus, it can be said that the Danian of Georgia is marked, in respect to foraminifers, by
the absence of the Globotruncana and by a considerable number of representatives of small
species of Globigerina and Globorotalia . The Paleocene is characterized by the first appearance
of truncorotalias, nummulites and discocyclines.

The stratigraphical correlation of the se horizons with analogous ones in the Aquitanian
Basin, Switzerland, Italy and other countries of the"Mediterranean province did not present
any major difficulties to Georgian authors. A comparison with typical sections of Denmark,
Sweden and even the Crimea is, however, much more difficult. The analogy to the conditions
ob served in Denmark and Sweden is based, by these authors, primarily on the regressive
chracter of Danian b eds in Scandinavia and the transgressive character - of the Paleocene.
In their op inion, the Cretaceous sedimentary cycle is ended by the Danian sediments and a new,
Eocene sedimentary cycle is begun by the Paleocene sediments.

A comparison of the Danian and Paleocene of Georgia with the Danian and Montian
of Poland is difficult. Although these bed s in Georgia are not typically geosynclinal, they con­
st itute a fad es transitory to the platformic one , containing several elements of the Alpine­
Medit erranean zone. Thi s applies to both the echinid s and foraminifers , the latter sma ll, as
well as large , such as Nummulites and Discocyclina which are absent from the epicontinental
fades of central Eur ope. The series of the Danian and Paleocene in 'Poli sh Lowland are strongly
reduced, here and there even occurring in a remnant form and are not represented by.purely
calcareous sediments as is the case of the Danian in Georgia. For the above reasons, a direct
comparison between these series in Georgia and Poland is almost impossible, while it may be
po ssible by an analogy to the Crimea.

The Danian of Georgia approaches in character to the Danian of the southern Crimea.
The Upper-Cretaceous sea of Georgia was situated at the meeting point of the three zoogeo­
graphical provinces (TZAGAR ELI, 1954), that is Middle and South European and South Asian.
Thi s is why a mixed fauna , however closely related to the Crimean forms, is to be found in thi s
sea. Consequently, it was possible to establish on thi s territory the Crimean-Caucasian province.
From the lithological and faunistic standpoints, these countries are closely related. The Danian
ofboth is expressed by calcareous facies with con siderably related fauna of echinids, e.g. Echino­
corys pyrenaicus SEUN. and E . sulcatus GOLDF. , as well as with a common, specific form "of the
Crimean Danian, Micraster (Protobrissus) akkajensis (WEB.). In addition, there are such
common forms as the H ercoglossa danica and Crania tuberculata NILS. (Crania brattenburgensis
SCHL.). Only an assemblage of pelagic foraminifers is common for the Danian ofboth Poland and
the Crimea, i.e. Globigerina pseudobulloides, G. triloculinoides and G. comp ressa. Globorotalia
angulata (WHITE) of thi s assemblage is known in the Crimea and Poland to occur only in the
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Montian and, moreover, not in its lowermost stage. The same concerns Globorotalia conico­
truncata (SUBB.), an index species of the Thanetian in the Crimea which, in Georgia , was found
already in the Upper Danian.

On the basis of the above considerations the conclusion can be drawn that the entire
stratigraphical sequence of the Danian and Paleocene of 'the Georgian massif is placed
lower as compared with the Crimea and Middle European Basin, therefore , also with Poland .
Thus, it seems that the layers containing the Nummulites and Discocyclina should be numbered
not with the Lower, but Upper Paleocene, while those with Globorotalia angulata and G. coni­
cotruncata - belong to the Lower Paleocene and not to Upper Danian, because these two
important speciesof Globorotalia have never been recorded in such low layers and the appearance
of Globorotalia is generally considered a symptom of the beginning of the Paleocene. The
stratigraphical correlation (Text-plate IX and Table 4) is based on current views and prin­
ciples prevailing in Georgia and Crimea. However, this should be subjected to discussion. In
Georgia, the layers containing Globotruncana adjoin those containing Globorotalia. It can be
concluded even on the basis of this simple fact that there is either no Danian at all, or it is
considerably reduced and that the entire horizon of the Upper Danian is missing. Limestones,
containing the fauna of small, smooth-walled Globigerina, ' already without Globotruncana
but, on the other hand, still without the Globorotalia, should be considered as Lower Danian
forms. The assemblage of small Globigerina is accompanied by Hercoglossa danica and by
an assemblage of Danian echinids with the index corasters. The layers containing the re­
presentatives of the genera Globorotalia and Acarinina should be assigned to the Lower Paleo­
cene representatives, and those with Nummulites and other larger foraminifers - to the Upper
Paleocene.

The above conclusions seem to comply with the stratigraphy established by SUCKAJA (1956)
for Daghestan, central Ciscaucasia and western Turkmenistan. According to this author,
the Danian in the calcareous facies is marked there, as elsewhere, by the nautiloid Hercoglossa
danica and by an assemblage of small pelagic foraminifers of the genus Globigerina. Higher,
in the layer, containing the Protobrissus tercensis, the first Globorotalia appear such as Globo­
rotalia angulata, Acarinina inconstans, A. indolensis which correspond to the Lower Paleocene.
Still higher, that is already in the Upper Paleocene, a rich assemblage of Acarinina occurs in
the following succession: Acarinina conicotruncata, A. tadjicistanensis, A. subsphaerica and
A. acarinata. Besides, Globorotalia angulata continues to appear in this layer. Acarinina coni­
cotruncata occurs in the Crimea, as well as in Ciscaucasia, Daghestan and Turkmenistan in
much higher layers - in the Upper Paleocene, while in Georgia its occurrence is already recorded
in the Upper Danian. It seems, therefore , that this might be considered an additional reason
for numbering in Georgia the layers with Nummulites and Discocyclina with the Upper Paleocene
and those at present considered as part of the Upper Danian - with the Lower Paleocene.

A small number of foraminifers of the Danian and many foraminifers of the Paleocene
were obtained from samples of the Danian and Paleocene collected in 1962by the author of the
present paper with scientific assistance of Mrs M. KACARAVA from the outcrops in the neigh­
bourhood of Mikhaylovka village, located within the region of the Somkhitskaya »glyba«,
south-west of Tbilisi (Tiflis), Georgia.

The Lower Danian: Stensioeina caucasica, Globigerina varianta, Anomalina praeacuta,
G. compressa.

The Upper Danian: Stensioeina caucasica, Globigerina linaperta, G. compressa, Globoro­
talia conicotruncata, Allomorphina sp., Neoflabellina reticulata (probably reworked), Robulus
pseudo-mamilligerus, R. rancocasensis, R. degolyeri, Planularia discus, Hoeglundina scalaris,
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Vaginulinopsis longiforma , Bulimina ovata, Karreria fa llax, Lamarckin a rugulosa, Pulsiphonina
prima, Anomalina danica, Cibicides succedens, C. proprius, C. cf. carinatus, Globigerina trilo cu­
linoides and others.

Iri view of the fact that the typical Paleocene specimens of Robulus, Cibicides succedens
and, primarily, Lamarckina rugulosa, species un kno wn to occur an ywhere in the Danian, were
found in these layers, their Paleocene age is for the present au thor indubitable. On the other
hand, the doubts, expressed above, as to the stratigraphica l position of these layers are con­
firmed by the presence of Globigerina linaperta and Globorofalia conicotruncata in the Upper
Danian. The question also arises as to whet her it wou ld be best to put the se layers higher in
the stratigraphy and consider them younger.

T HE SO-CALLED DANIAN IN NORTHERN BULGARIA,
DANUBE BASIN

(Text -plate IX ; Table 4)

The Danian series in Bulgaria were invest igated and described by BONCEV (1936), TZAN­
KOV (1940) and others. They occur, among ot hers, in the central part of northern Bulgaria on the
so-called north Bulgarian plateau, extending between the Stara Planica mountain range, latitu­
dinal in direction, and the Danube River. The Danian beds outc rop there in the neighbourhood
of Plevna and Somovit where they reach 45 m. in th ickness. They are locat ed in a synclinal
depression framed by the Markov anticline in the south and by the faul ted Danube Valley in the
north. The syncline, mentioned above, is filled with the Upper Maastrichtian calcareous-marly
sediments with Hemipneustes striato-radiatus an d Coraster vilanovae. They contain black
and dark-brown, stratified flints with no cherts at all.

A boundary between the Maastrichtian and higher beds is in northern Bulgaria quite
different from that in Poland and other north European countries: In Bulgaria , there is no hard
ground in the uppermost part of the Maastrichtian. It is true, there are cavities or shallow
depressions but they are extensive, gent ly outlined, with an amplitude fluctuating within limits
of 0·5 and 1·0 m. and of an unquestionab ly eros iona l character. The surface of these extensive,
undulati ng depressions is covered with a thin layer of weathering clay called »terra ros sa« or,
here and there, with a san dy kaolin (TzANKov, 1940).

Very hard, strongly recrystallized limestones with a rich fauna of pelecypods and gastro­
pods, their shells mostly disso lved, which occur in th e neighbourhood of Plevna, are described
by Bulgarian authors as the Dan ian . These limestones for m a sort of »lumachelles«, Together
with equally hard but lower situated Maastrichtia n limestones they are used as a highway
gravel. In the vicinity of Somovit, the beds described as a possible Dani an (TzANKo v, 1940)
lie on Upper Maastrichtian sediments develop ed in the form of pure limestones with a high
CaCOa content (98 %) exploited as a raw material for the production of the cement. In 1951 ,
a series of sediments above the Maastrichtian was investigated by the author of the present
paper at Somovit, with scientific assistance of Professor V. T ZANKov. These sediments consisted
of sandy marls with flints and of typical, that is light, porous, rich in silica »gaizes« similar
to those occurring in the Paris Basin and in Belgium, which were described by L. CAYEUX (1929).
Small pockets of soft chalk can also be observed here and there. These rocks, identified by
Bulgarian authors as calcareous and - in some places - sa ndy marts and glauconite sandy
limestones, contain neither belemnites nor ammonites. On the other hand , there occur the
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following fossils which prove the Danian age of these b eds (TZANKOV, 1940): Bourget icrinus
danicus NIELSEN, Micraster tercensis COTTEAU, Crania tuberculata (NILS.), Terebra tuta
mobergi LUNG. , Spondylus danicus RAVN, Hercoglossa serpent ina, Nautilus bellerophon Lu DGR .,
Discocyclina seunesi DOUVILLE (very numerous).

Crania tuberculata described by TZANKOV (1940) belongs to subge nus Danocrania ROSEN­
KRA TZ, 1964, as was stated by ROSENKRANTZ (1964). Crania ( Danocrania) tube rculata T ZA KOV
presumably represents a new species, according to Prof. ROSENKRANTZ'Spersonal communicat io n.
The character of its outer sculpture is in accordance with the sculpture found in th e Pal eocene
(Thanetian) and Eocene? species from Austria and Bavaria: C . ( Danocrania) austriaca TRAUB
and C. (Danocrania ) kressenbergensis GOMBEL. This conclusion is in a quite accordance with
the result of the present writer, obtained by means of Foraminifera .

The pelagic foraminifers , occurring in this assemblage (identified by the present writer)
indicate the Upper Paleocene and not Danian age of the series resting on th e Upper Maas­
trichtian limestones at Somovit. These are the following species: Globorotalia aequa CUSH­
MAN & RENz, G. velascoensis (CUSHMAN), G. angulata (WHITE), G. pseudomenardii BOLL!,
Acarinina acarinata SUBBOTlNA, Globigerina linaperta FINLAY, Asterigerina sp., ' Uvigerina sp.,
Spiroplectammina sp. , Coleites reticulosus PLUMMER, Cibicides commatus VASILEN KO, Pse udo­
polymorphina frondea (CUSHMAN), Ataxophragmoides frankei BROTZEN, A nguloger ina cuneata
BROTZEN, Eponides toulmini BROTZEN, Anomalina danica BROTZEN, Pullenia americana CUSHMAN,
Alabamina midwayensis BROTZEN, Osangularia sp. , Pulsiphonina sp .

It is particularly an assemblage of species b elonging to the genus Globorota lia, found
in these beds, that pronouncedly points out the Upper Paleocene and not Danian ag e of th ese
strata. This assemblage is well known primarily in Am er ica (T rinidad), tha t is in the Lower
Lizard Springs Formation , corresponding to the Upper Paleocene (L OEBLICH et a l., 1957).
A younger age than Danian is also indicated by the presenc e of A carinina acarinata, Globigerina
linaperta , Asterigerina sp. and also of Discocyclina seunes i itself.

In samples from the »Danian« of Somovit on the Danube Ri ver , SZCZECHU RA (1965)
found a few specimens of Echinocythereis aragonensis OERTLI, 1960, de scribed from the Lutetian
of Spain. This species occurs in Lower Paleocene of Poland and wa s al so found by SZCZECHURA
in the Selandian of Denmark, from Hvallese (Jutland peninsula).

In addition, it also seems indubitable that the Bulgarian sediments, conta ining the assem­
blage of foraminifers, listed above, represent a geo synclinal facies of the Tethys Ocean and not
epicontinental north European one, as suggested by TZANKOV (1940) , because they show fun­
damental differences as compared to the foraminiferal biofacies of the north European province.

BELMUSTAKOV has recently (1961-1963) discussed the problem of Lower Tertiary strat i­
graphy in northern Bulgaria, however he referred to an area lying further east than th e o ne under
discussion in this paper and he has not as yet published any st rat igraphy o n So mov it and
Plevna area (Danube region).

GENERAL CONCLUSIONS
(Text-plates I, IX; Tabl e 4)

On the palaeogeographical map (Text-plate I) the Lower Pal eocene sea and perhaps even
the Danian sea of central Poland was connected through the western U kraine (Lwow region)
with the alpine geosyncline sea. Proof of this is the presence of sedime nts of that age in the northern
Transcarpathians of Poland. A comparison of th e microfauna of the lowermost Tertiary in
Polish Lowland with that of the Carpathians ha s not yet been underta ken . On the other hand,
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on the base of the literature, there is a striking similarity between the Lower Paleocene micro­
faunal assemblages of Poland and Austria, howeve r some Austrian papers refer to them as
Danian (SCHMID, 1962). In addition to Loxostomum applinae (PLUMMER) and Robulus pseudo­
inamilligerus (PLUMMER) described by SCHMID (1962), the presence of Lamarck ina rugulosa
PLUMMER, Ceratob ulimina tuberculata BROTZEN, Pyramidina crassa BROTZEN and Robulus
k lagshamnensis BROTZEN, ha s also been stated by the present writer in samples from Au stria.

The above mentioned · species have also been descri bed from the Lower Paleocene of
Poland (BROTZEN& POZARYSKA, 1957, POZARYSKA, 1964, and in the present paper). Some of
them , e.g. Lamarckina rugulosa, are not known so far in Swedish Paleocene. Th is is an evidence
that L. rugulosa migrated to Poland from the south, by way of the western Ukraine.

This narrow Lower Paleocene sea, and probably the Danian too, was connected eastwards
across the area of south Lithuania with the Donetz Basin (Text-plate I). A proof of this is the
Lower Paleocene microfauna in the Donetz Basin, cited by VASILENKO(1950) and in south Lithu­
ania by GRIGELIS (1960), the same as that described by BROTZEN (1948) from Sweden and
by the present writer from Poland (1964 and in the present paper).

The most striking is the similarity betwee n the Dan ian and Lower Paleocene microfaunal
assemblages of Poland and Sweden; about 80 per cent of species are in common. This applies
both to the most common species occurring in Danian and Lower Paleocene, as well as to the
index ones for the Lower Paleocene.

A Danian and Lower Paleocene sea forme d in Poland a strait ra ther than a basin. It is
possible that originally it was wider, but sediments from the present day are pre served only in the
tectonical depressions, the so-called marginal syncline of the Russian Platform (POZARYSKI, 1957).
Therefore, we can draw conclusions more concerning its connections than its geographical
extent. The included map showing seaways of Danian and Montian times in Middle Europe
(Text-plate I) therefore more demonstrates the con nections of the sea than its extent.

Investigations of the Danian and Lower Paleocene deposits show that their facial develop­
ment within the north European basin is strongly differentiated. There are three factors respon­
sible for the facial pattern of the Danian and Montian in this basin : climatic conditions on the
one hand, eustatic movements of the sea level and tectonic movements, on the other.

During the Danian the sea was shallower than during the Maastrichtian . Therefore, as
a rule , the Danian sediments were formed in the zone influenced by wave action and thi s accounts
for the predominantly calcareous-detritic character of the rock series here. The oceanographic
conditions must have been subjected to other more important changes than those of sea depth,
which resulted in the occurrence of sedimentary hiatuses and the formation of hard ground on
or a little above the boundary of the Maastricht ian and the Dan ian, as can be seen throughout
the whole investigated areas of this eno rmous basin coveri ng the Crimea, Poland, Denmark,
Belgium and the Netherlands. Meanwhile the formation of hard ground goes back somewhat
earlier, before the close of the Maastrichtian, as indicate d by investigations carried out in central
Poland at G6ra Pulawska and Zyrzyn and is also the case in the Maastrichtian of Mens
Klint in Denmark.

The predominant facies within these areas where no tectonic movements occurred at the
boundary of the Cretaceous and the Tertiary - i. e. in the uppermost Maastrichtian, Danian
and Lower Paleocene - was calcareous zoogenic, pelitic and calcareous-detritic. This applies
to sediments of the Danian and the Montian in the Crimea, the Dan ian of Denmark and Sweden,
the Danian and the Montian of Belgium and the Danian of the Netherlands. The arenaceous,
glauconitic-quartz and argillaceous facies is, on the other hand, associated mainly with the area
of central Poland where intense Laramide movements began in the middle of the Maastrichtian



FORAMINIFERA AND BlOSTRATlGRAPH Y 45

and continued up to the Paleocene. The more recently elevated area (Middl e European Land)
supplied great quantities of detritic material to the Danian and Paleocene sea. At the same time,
in north-eastern Poland, where the Laramide orogeny probably in this period was not manifested
and where the Upper Cretaceous sea had not retreated during the Danian, considerable terri­
genous material was brought in from the Scandinavian shield (North Baltic Land) lying to the
north. This inflow lasted unbroken throughout the Upper Cretaceous, at least from the beginning
of the Upper Cretaceous transgression.

In the Jutland peninsula and on Zealand as well as in the neighbouring Scania, the Lara­
mide movements were equally strong, but seem to be dominating during the Lower Paleocene .
The sandiness of that stage (Selandian) is probably there due to diastrophism during the young­
est phase of the Laramide orogeny.

To sum up, the Danian has throughout northern Europe a transgressive character usually
starting with a basal conglomerate. In Poland, however, no basal conglomerate sensu stricto
has so far been found. Yet the presence of coarser grains and a more abundant inflow of detritic
material has been observed at the base of this series in the Danian deposits reached by borings.
Moreover , at Bochotnica and Nasilow, also at the Magnuszew and Pamietowo borings we
are dealing with an extremely thin, remnant layer of the Danian. It s composition corresponds
to the basal conglomerate, since it contains abundant Maastricht ian rock material and redepo­
sited fossil remains. The rock material from that conglomerate has par tly contributed to the
building up of the basal conglomerate of the next Paleocene series.

In Denmark (Zealand) the basal conglomerate is represented by a thin "Fish Clay" layer
which contains numerous chalk pebbles and generally a reworked Maastrichtian microfauna.
The basal conglomerate of the Danian is absent in some localities in eastern Zealand , as well
as in Sweden (Scania, Limhamn).

In Belgium (Bassin de Mons) the basal conglomerate of the Danian, represented there
by the Tuffeau de Ciply, is well developed as Poudingue de la Malogne. Here it consists of hard
ground with pockets. Within the glauconite sediment that fills in the canals phosphate concre­
tions and numerous remains of pectinids (Pecten pulchellus) , oysters (Ostrea lunata) and
belemnite rostra are embedded.

In the Belgian-Dutch province of Limburg (Vroenho ven, Curfs-Geulhem) the basal con­
glomerate layer has an equivalent in a bed resting directly on the hard ground of the Upper
Maastrichtian at Vroenhoven , and particularly at Geulhem (Curfs quarry). This consists of
reworked Maastrichtian material with belemnite remains, pectenids and other Upper Maas­
trichtian fossils, side by side with the first specimens of Globigerina daubjergensis.

In south-western Crimea the conditions are analogous, except that Globigerina daubjer­
gensis is not recorded there earlier than in the Upper Danian (MOROZOVA, 1959). The Danian
series starts there with a thin glauconite layer with phosphatic nodules resting on a hard ground
layer of the Maastrichtian, containing relatively numerous reworked rostra of belemnites.

Thus it can be seen that the fundamental changes in the hydrodynamic regime at the
boundary of the Maastrichtian and the Danian as well as the resulting sedimentary hiatus
and the formation of the hard ground bottom, was a common and large-scale phenomenon.
Such distant countries as the Crimea, Poland, Belgium, the Netherlands and Denmark, all
came within the reach of its activities. This phenomenon was connected with the Laramide
orogeny which was responsible for the emergence of certain land areas (see Text-plate I) and
for the shallowing sea that persisted along the western peripheries ofthe East-European Platform
within the so-called Polish-Danish syncline (POZARYSKI, 1957). This unbalancing of the equili­
brium in the hydrodynamic regime of the sea basin under considerat ion was not associated
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with a complete regression of the sea but merely with a considerable shallowing process, hence
with a more copious supply of terrigenous material. In certain areas, e.g. on the north Bulgarian
platform, the sea receded completely towards the close of the Maastrichtian.

During the Lower Paleocene, the deposition of Montian sediments in Europe started with
coarse-grained material. In some places it was represented by a basal conglomerate, elsewhere
merely by the presence of coarse r material. The presence of a basal conglomerate is associated
with a sedimentary hiatus and distinct facial changes. This happens in Denmark (Copenhagen,
Hvallose , Lellinge) and Sweden (Klagshamn) where the Lower Paleocene (Selandian) sedimenta­
tion is expressed by deposits completely different from the underlying Danian rock s. No basal
conglomerate has formed, however, in regions where a longer sedimentary hiatus did not occur at
the boundary of the Danian and the Montian and where deposits of the Paleocene do not
facially differ from those of the Danian. Such was the case in Poland and the Crimea, as well
as in the Belgian-Dutch Limburg and at Mons. In all these areas the facies of the Montian
resembles very much that of the Danian. It is only at the boundary of these series that we may
come across the presence of coarse r grains in Poland (POZARYSKA, 1952,1964) or an admixture
of quartz gra ins in calcareous deposits in Mon s Basin (MARLIERE, 1957), even phosphatic con­
cretions (very minute) which have also been encountered in south-western Crimea within a cal­
careous Danian-Montian series (MOSKVIN, 1959).

To sum up the results of our investigations on the Danian and Montian sediments in
Poland, the following conclus ions can be reasonably applied to Poland and also to the whole
of central Europe, where the sediments under consideration occur in the epicontin ental facies.

1. The Danian and Montian depos its in Europe are preserved mainly along the western and
southern margins of the East-European Platform which subsides in the direction of the
geosynclines that surround the Platform.

2. The Danian and the Montian are two separate stratigraphic unit s. Their independence
has been established in the Mons region where the series Tuffeau de Ciply und erlying the
Montian deposits (Calca ires de Mons) has been recently referred to the Danian.

3. A strongly reduced series of Danian deposits, locally preserved as remnants only, has
been found in Poland below the Montian deposits.

4. The Danian is a stratigraphic un it whose fauna differs very substantially from the Maas­
trichtian , but only slightly from the Montian. This has been proved in the present paper on
foraminiferal evidence. Thus the Danian could be numbered as a lowermost Paleo­
cene.

5. While there are no index fossils in Poland restricted only to the Danian, deposits of the
Montian are adequately characterized by a score or more of foraminiferal species.

6. The Danian sedimentation begins either with a basal conglom erate represented by glauco­
nitic-phosphatic nodules, or with an arenaceous-glauconitic sediment occurring on
a corroded hard ground surface of the Upper Maastrichtian. This indicates that the time
lapse between the Maastrichtian and the Danian may have been fairly long thus accounting
for the change in the character of the fauna.

7. The sedimentation of the Montian seldom begins with a basal conglomerate. Yet nevertheless
the presence of coar ser granulation is observable at the base of these Montian deposits
(Poland, Belgium - Mons, Crimea) . This might suggest a slight disturbance in the equili­
brium (rupture d'equilibre; L. CAYEUX, 1940), whereas the presence of basal conglomerate
(Klagshamn, Copenhagen, Lellinge and Hvallese), indicates a somewhat longer time interval.
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8. The facial differences between the Maastrichtian and the Danian are generally strongly
marked, but the change of facie s, always observable at the boundary of the Maastrichtian
and the Danian , began here at some earlier t ime. In the area of Mons th e whole Upper
Maastrichtian is developed in a facies similar to the Danian , while in D enmark, bryozoan
bioherms, well developed in the Danian , make their first appearance already in the upper­
most chalk horizons. In Poland, the upperm ost local horizon of the Maastrichtian - the
Zyrzyn beds - is developed in a glauconite-rnarly facies, almost analogous to that of the
Danian. In the Crimea, Maastrichtian marls becam e sandy in th e highest horizons, while
the lowermost beds of the Danian are represented by analogous sandy marls.

9. In Poland , the Crimea and Belgium (M ons) the facie s of the D anian deposits are graded
gradually into the Montian sediments.

10. The Danian sea was probably deeper in the Balt ic and Black Sea basins th an in the Poli sh
ba sin. This is suggested by the lack in Poland of the calcareous series which represent the
Danian sediments in Scandinavia and Belgium, as well as in the Crimea and Georgia . Most
likely the Danian sea in Poland was shallow which could be explained by the stro ng upheaval
of the a rea occupied by centra l Pol and during the Laramide orogeny.

11. Concentrations of belemnites are obse rvab le in ma ny countries at the boundary of the
Cretaceous and the Tertiary :

a). in the uppermost Maastrichtian , e. g. in Poland at the base of the Zyrzyn beds,
b) in Danian basal conglomerate, e.g. at Mons (Poudingu e de la M alogn e), Lim­

burg - Geulhem, the Crimea - Salaczik and the 1ndol region, in Poland at Bochotnica
and Nasilow phosphatic bed, in the lower part of th e local »z« horizon,

c) at the base of the Montian in Poland (Bochotnica and Nasilow), in the phospha tic
bed , upper part of the local »z« horizon.

Example a) excepted, the belemnites are everywhere rewo rked and mixed with sedi­
ments deposited on the surface of a hard ground layer.

12. In the light of the present investigations on the foraminiferal microfau na , it seems more
reasonable to place the Danian stage in th e lowermost Tertiary than in the uppermost
Cretaceous. This astonishing phenomenon of a sharply outlined faunist ic boundary,
unrelated to any sudden change in a facie s, must be caused by more impo rtant fac tors,
probably the same which contributed to the extinct ion of the inoceramids, true belern­
nites (Belemnitellidae), ammonites, dinosau rs, etc . which during that era disappeared all
over the world (NAJDIN, 1960, 1965; POSLAVSKAJA & MOSKVIN, 1960 ; ROSENKRANTZ,
1960; JELETZKY, 1963, BRAMLETTE & M ARTINI , 1964). The conclusion can, however,
be drawn that, as regards foraminifers, the main change in the fauna between the Cre taceous
and the Tertiary, took place at the end of the M aastrichtian (BYKOVA, 1960 ; MORo­
ZOVA, 1960; SCHUTZKAJA, 1962 ; LUTERBACHER & SILVA, 1964). In other continents the
Danian is ranged within the Paleocene as its lower part (LOEBLICH & TAPPAN, 1957b;
LOEBLICH, TAPPAN, BEcKMANN et aI., 1957; TROELSEN, 1957 ; HORNIBROOK, 1962). This
would be an additional evidence in favour of attribution of the D anian to the Tertiary
with the reservation that observations of one anima l group alone cannot definitely solve
this problem. As is well-known from the con siderations of previous authors, among others
RAVN and, more recently, BRoTz EN, th is does, in their opinion, not apply to other anima l
groups. An analysis of the total faunistic and flori stic cha nges du ring that period will
definitely solve thi s problem.
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DESCRIPTIONS

Family LITUOLIDAE Rsuss, 1861

Gen us FRANKEINA CUSHMAN & ALEXANDER, t929

Frankeina beisseli MARIE, t94t

(Plate H, figs. I a-b)

1941. Frankeina Beisseli MARIE; P. MARIE, Les Forarniniferes ... , p. 23, pl, 2, fig. 12a- c (ea rlier syno nymy
included).

Material. - Single specimen, well preserved.
D imensions (in mm .):

Length of test 1'18
Max imum width of test 0'85

Description. - Test large, massive, elongated, angular, ridge-shaped, triangular in trans­
verse section, sides plane or slightly concave, marginal ridge s truncate. Chambers not visible.
Sutures slightly depressed. Aperture, an elongated slit at the top of the last formed chamber.
Wall coarsely arenaceous, with very large, irregular grains protruding throughout all the test ,
especially along the marginal ridges.

Remarks. - Our specimen does not differ from the holotype described by MARlE from
Paris Basin. Similar to Clavulina angularis D'ORB. (microspheric form), figured by PLUMMER
(1926, p. 70, pI. 2, fig. 4).

Distribution. - Single specimen has been found in Montian at Boryszew boring. Probably
reworked. Rare in Maastr ichtian in Limburg region, very rare in Paris Basin.

Family TEXTULARIIDAE n 'ORBIGNY, 1846

Gen us SPIROPLECTAMMINA CUSHMAN, 1927

Spiroplectammina baudouiniana (D'ORBIGNY, 1840)

(Plate 11, figs. 5a-b)

1840. Textularia Baudouiniana I>'ORBIGNY ; A. D'ORBIGNY, Memoires sur les Forarniniferes ... , p. 46, pI. 4,
fig. 29, 30.

1928. Textularia baudouiniana D'O RBIGNY ; A. FRANK E, Die Forarniniferen der Obcren Kreide Nord- u. Mitte l­
deutschlands, p. 135, pI. 12, fig. 12/l-b.
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1937. Textularia baudouiniana O'ORBIGNY; N. A. KALlNIN, Foraminifery melovych otlozenij ... , p. 13, pl . 1,
fig. 1, 2.

1941. Textula rla Baudouiniana O'ORBIGNY; P. MARlE, Les Foraminiferes ... , p, 63, pl, 2, fig. 21.
1946. Spiroplectammina baudouiniana (O'ORBIGNY); J. A. CuSHMAN, Upper Cretaceous Foraminifera... , p. 25,

pl , 5, fig. 12.
1959. Textularia baudouiniana O'ORBIGNY; M. M. MOSKVlN, Atl as .. . , p, 91, pl. 2, fig. 4.
1961. Spiroplectammina baudouiniana (O'ORBIGNY); V. S. AKIMEC, Stratigrafija i foraminifery ... , p. 74, pl. I ,

fig. 8, 9.

Material. - About lOO specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of test 0·80
Maximum width of test 0·64
Thickness of test 0·46

Description. - Test large, broadly tapering , rhomboidal in the section, greatest breadth
near apertural end, thick, with greatest thickness near median line. Periphery subacute. Chambers
distinct, numerous , coiled in early portion. In the remainder of test chambers biserial, low and
broad. Sutures very distinct, slightly curved, usually not depressed, flush with surface of test.
Aperture, low opening at base of the last formed chamber. Wall coarsely arenaceous.

Remarks. - Our specimens do not differ from specimens occurring in the European
Upper Cretaceous, but differ from American ones, having much coarser walls.

Distribution. - Known from Upper Cretaceous. In Poland some specimens in phosphoritic
layer of Danian age, just on Upper Maastrichtian, where they are probably derived. Similar
species occur in whole Danian and Selandian in Denmark as well as in Calcaire Pisolithique in
Paris Basin.

Spiroplectammina suturalis (KALININ, 1937)

(Plate nr, figs. 9, 10)

1937. Bolivinopsis suturalis KALlNIN ; N. A. KALlNIN, Foraminifery melo vych otlozenij , p. 15, pl. I, fig. 5.
1961. Spiroplectammina suturalis (KALlNIN); V. S. AKIMEC, Stratigrafija i foraminifery p. 75, pl, I, fig. I I.

Material. - Some specimens, elongated part of test damaged.
Dimensions of 2 specimens (in mm.):

1 2
Length of test 0'95 0·70
Maximum width of test 0·57 0·43
Thickness of test 0'22 0'25

Description. - Peripheral margin lobulate. Test elongated, inflated, compressed, plani­
spiral portion not so broad as remainder of test, sides nearly parallel, broadening slightly towards
apertural end. Chambers numerous, 5-6 in the coiled portion, biserially arranged in elongated
part. Chambers low and broad, sometimes depressed. Sutures distinct , straight or slightly curved.
In some specimens sutures thick and higher than the surface of chambers. Aperture a low slit
at the inner margin of last formed chamber. Wall arenaceous, rather coarse.

Variation. - Considerable in general shape and in sutures which can be more distinct ,
limbate or less distinct.
Palaeontologia Polonica No . 14 4
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Remarks. - Similar to S. mexiaensis LALICKER, described from the Midway formation.
Our specimens differ from American ones by having a smaller planispiral port ion in relation
to the biserial one and having the wall not so finely arenaceous . They differ from the holotype
by having a short spiral with only 5-6 chambers instead of numerous chambers in a twice
coiled spiral as in Russian specimens.

Distribution. - Known from Upper Cretaceous of U.S.S.R., where it is common. Not
known from Limburg and Paris Basin. In Poland this species occurs in Upper Maastrichtian
at G6ra Pulawska, Zyrzyn, Sochaczew, and in Danian at Bochotnica. Not common.

Spiroplectammina wilcoxensis CUSHMAN & PONTON, 1932

(Plate HI, figs. 1 a-b)

1932. Spiroplectammina wilcoxensis CUSHMAN & PONTON; J. A. CUSHMAN & G. M. PONTON, An Eo cene foramini
feral fauna .. . , p. 51, pI. 7, fig. 1.

1941. Spiroplectammina wilcoxensis TOULMIN ; D. L. TOULMIN, Eocene smaller Foraminifera ... , p. 571, pl, 78,
fig. 1.

1948. Spiroplectammina wilcoxensis BROTZEN ; F. BROTZEN, The Swedish Paleocene ... , p. 34, fig. 6, 2 on p. 38.
1951. Spiroplectammina wilcoxensis CUSHMAN ; J. A. CUSHMAN, Paleocene Foraminifera ... , p . 6, pl, 1, fig. 21-23.
1960. Spiroplectammina wilcoxensis OLSSON; R. K. OLSSON, Foraminifera of latest Cretaceous .. . , p. 5, pl. 1, fig. 3.

Material . - Several specimens, often damaged at both ends.
Dimensions of an average specimen (in mm.):

Length of test 0·51
Maximum width of test 0'24
Thickness of test 0·14

Description. - Test long, broad, compressed, oval, elongated in the section, rounded peri­
phery, in the early portion chambers numerous, coiled, later biserial, gradually increasing
in height as added. Sutures distinct, slightly depressed, gently curved. Facial surface convex.
Aperture forms an elongated slit at the base of last formed chamber. Wall smoothly arenaceous.

Variation. - Rather great in the character of sutures which can-be more depressed or
less and sometimes not seen in early portion at all. Our specimens do not differ from the holotype
described from North America.

Remarks. - Spiroplectammina wilcoxensis from Poland does not differ in proportion
from the holotype. It resembles in size rather specimens from Swedish Paleocene, but is
usually larger (BROTZEN, 1948). Very abundant in all Swedish Paleocene localities as well
as from the Danish Lower Paleocene. The same species was described from Midway and Eocene
in Alabama. It was described also from the Wilcox group of Eocene age from Alabama. Similar
at first glance to Spiroplectammina laevis (RoEMER) from the Cretaceous, the latter being not
so long, with angular margins.

Distribution. - Common in Danian and Montian in all Polish ' borings as well as in
Swedish and Danish Selandian. Known from the Midway and Wilcox formations in America.
Present in the Danian of Limburg and in Upper Danian of Denmark (Hvallese).
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Genus TEXTULARIA DEFRANCE, 1824

Textularia plummerae arkansasana CUSHMAN, 1951

(Plate I, figs. 6a-b)
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1926. Textularia eocaena (GUMBEL); H. J. PLUMMER, Fora minifera of the Midway Fo rmation ... , p . 67, pl , 3, fig. 2.
1935. Textularia plummerae LALICKER; C. G . LALICKER, Ne w Tertiary Textulariidae , p. 50, pI. 6, fig. lOa-c.
1941. Textularia plummerae LALICKER ; E . F. D AVIS, Textul ari a from th e Texa s Te rtiary, p. 15, pI. 25, fig. 8, 9.
1941. Textularia plummerae (LALICKER); D. L. TOULMIN, Eoc ene sma ller Foram inifera .. . , p. 572, pl. 78, fig. 3.
1951. Textularia plummerae LALICKER var. arkansasana CUSHMAN; J. A. CUSHMAN, Paleocene Foraminifera ... ,

p. 7, pl, 2, fig. 4, 5.
11957. Textularia agglutissima HOFKER ; J. HOFKER, Foraminifera fro m the Cretaceous .. . , XXXI, p. 149, text-fig. 1,2.
1958. Textularia plummerae (LALICKER) ; J . HOFKER, Ibid ., XXXII , p. 24, text-fig . 6.

Material. - Few specimens , damaged at both ends.
Dimensions of an average specimen (in mm.):

Length of test 1·26
Maximum width of test 0'5 9
Thickness of test 0'5 6

Description. - Test elongated, about 3 times as long as broad, slightly tap ering , com­
pressed, periphery rounded, sides parallel in the last portion. Chambers gradually increasing
in size as added. Sutures distinct, slightly depressed , straight. Facial surface convex. Aperture
great, round, sometimes a low arched slit at the base of last formed chamber. Wall coarsely
arenaceous, composed of fine and coarse sand grain s which are sometimes prominent , so the
wall surface is rather rugged.

Variation. - Mainly in the character of surface which can be more or less rough.
Remarks. - Polish specimens differ from the holotype. Their test is broader and chambers

not so high. Much coarser arenaceous wall than the typical species Textularia plummerae LA­
LICKER. Textularia porrecta BRADY, described from the recent Oceans by BRADY, is very close to
T. plummerae LALICKER.

Distribution. - Rare in Danian as well as in Montian. Present in Boryszew and G6ra
Pulawska, known from Montian Calcaire Pisolithique, Upper Danian and Montian in
the Netherlands and Denmark. Described from the Midway of America where it is rather
common. In Texas very common not only in the Midway but also in younger Tertiary for­
mations. Present in the Tuffeau de Ciply (Danian) and Calcaire de Mons (Montian).

Family VERNEUILINIDAE CUSHMAN, 1911

Genus VERNEUILINA D'ORBIGNY, 1840

Verneuilina monmouthensis OLSSON, 1960

(plate rv, fig. 4)

1960. Verneuilina monmouthensis OLSSON; R . K . OLSSON, Foraminifera ... , p .8, pl . 1, fig. 7, 8.

Material. - 6 specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of test 0·55
Maximum width of test 0·43
Thickness of test 0·30
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Description. - Test very short, as long as broad, rapidly tapering, in section triangular,
subacute angles, facial surface convex. Chambers increasing in size as added , triserial, inflated,
overlapping, sutures flush with test surface, sometimes indi stinct, the last slightly depressed.
Aperture, a narrow slit at the base of last chamber. Wall arenaceous not very smooth.

Variation. - Not known, due to scarcity of material.
Remarks. - Gaudryina pyramidata CUSHMAN occurs in the Maastrichtian, but a short

varietas is very similar to Verneuilina monmouthensis OLSSON from the Danian and Paleocene.
According to Mr P. N. WEBB'S personal communication, forms such as Verneuilina tnonmouth­
ensis OLSSON are possibl y the earl y ontogenetic forms of juvenile species of some Gaudryina
species.

Distribution. - Not comm on in Poland, known from Danian and Montian of Zyrzyn ,
Sochaczew and Boryszew. Specimens from Maastrichtian of Sochaczew may not belon g to
thi s species. Known from N Egypt and Hornerstown format ions in New Jersey, where it
commonly occurs (Paleocene). Common in North Am erica in Eocene.

Genus GAUDRY INA D'ORBIGNY, 1839

Gaudryina (Textularia) faujasi (REUSS, 1861)

(Plate IV, figs. 2, 3a-b)

?1861. Textila ria Faujasi R EUSS ; A. E. R EUSS, Palaontologische Beitrage ... , p. 320, pI. 3, fig. 9a-b.
1958. Gaudryina ( Tex tularia) fa ujasi R EUSS; J . H OFKER, Foraminifera from the Cretaceous ... , XX XI[. p. 22.

text-fig. 1-4.
1959. Textnlaria (Gaudryina) fauja si R EUSS; J. H OFKER, Ibid., XXXIX, p. 25.

Material. - A dozen specimens or so.
Dimensions of 2 specimens (in mm.):

I 2
Length of test 1'45 1·20
Ma ximum width of test 0·80 0·72
Thickness of test 0·75

Description. - Test large , massive, very thi ck, elongated, compressed, tapering, outline
slightly lobulate, initial end bluntly acute, apertural end broadly rounded, some specimens have
the early portion of test triserial, the remainder biserial , some are biserial throughout the test.
Chambers low, trapezoidal, the last tending tc? become crescent, up to 6 in one row. Sutures
distinct, depressed, parallel on the broad marginal side in th e biserial part of test . Apertural
surface broadly rounded. Aperture, a slit at the ba se of last formed chamber. Wall coarsely
arenaceou s.

Variation. - Considerable ; applies mainly to the general shape of test which can be more
flattened or less, rectangular or triangular in transverse section , broadly rounded or acute.

Remarks. - Our specimens differ from the holotype , described by REUSS, by not tapering
so rapidly and by not having such sharp margins. They are rather close to specimens figured
by HOFKER (1958) from the Danian of the N etherlands (Curfs quarry). HOFKER (1958) put
forward the supposition of three generations in Gaudryina faujasi: Al - generation with acute
margin, A2 - generation with rounded margin, and B - generation with triangular initial part.
The two first generations, i.e. A, and A2 , are called by HOFKER th e Textularia generations,
the third - B - Gaudryina generation. In the so-called M e at Limburg (HOFKER'S Paleocene,
M EIJER'S Danian) the representatives of all three generations were found together. Higher up
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in the section the A2 (Textularia) generation becomes the dominating one and finally is th e
only generation to be found. If thi s supposition of HOFKER is correct, then our figured specimens
belong to the A2 generation with broad, rounded margins.

Distribution. - Rare in uppermost Maastrichtian and Danian at Sochaczew. Rare in
Montian at Boryszew. This species is known from Maastrichtian, Danian and Montian of the
Netherlands, from Danian of Denmark, from Tuffeau de Ciply and from North America .

Gaudryina cf. bulloides OLSSON, 1960

(Plate IV, figs. I a-b, 6 a-h)

1960. Gaudryina bulloides OLSSON; R. K. OLSSON, Foraminifera ... , p. 6, pl , 1, fig. 12-13.

Material. - A dozen or so specimens, well preserved.
Dimension s of 2 specimens (in mm. ):

1 2
Length of test 0' 84 0·60
Maximum width of test 0·50 0·35

Description. - Test elongated, slightly tapering, bluntly angular at initial end , broadly
rounded at apertural end , chambers arranged tri serially in the earlier portion, biserial portion
rather short . Chambers inflated, gradually increasing in size as added, only two in number in
biserial portion. Sutures distinct, depressed . Aperture, a loop-shape at the base of last formed
chamber. Wall smoothly arenaceous.

Variation. - Considerable ; it applies to the shape of chambers which are more inflated
or less, and to general arrangement of chambers which, being in the early portion of test not
always triserial, is more irregular or less so .

Remarks. - Some of our specimens do not differ from the holotype described by
OLSSON (1960).

Distribution. - In phosphoritic layer at Bochotnica (Danian) and in Boryszew (probably
derived). This species occurs in Maastrichtian of North America. A similar specie s - Gaudryina
askfordi BOWEN, 1954, is describ ed from London Clay, but it is different from our specimens
by having a very short triserial part of test, comprising only about one-fifth of the length of
test , while here the tri serial portion dominates.

Gaudryina cf. rugosa rossica BALAKHMATOVA, 1955

(Plate I, figs. 1, 7)

1955. Gaudryina rugosa rossica BALAKH MATOVA; V. T. BALAKHMATOVA et al., Charakternye foram inifery ... ,
p . "27, pl. "2, fig. 6.

1959. Gaudryina rugosa rossica BALAKHMATOVA; D . M. RAUZER-CERNOUSOVA & A. V. FURSEN KO, Osnovy
paleontologii, p. 223, text-fig. 240.

Material. - Two specimens, well preserved .
Dimension s of two specimens (in ' mm.) :

1 2
Length of test 1·50 1'90
Maximum width of test 0·75 0·95
Thickness of test 0'70 0' 80
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Description. - Test moderately tapering, triangular in early portion, rectangular in
remainder of test, where chambers are arranged biserially. Initial end bluntly acute, apertural
end broadly rounded. Chambers low, angular, numerous, up to 6 in one row. Sutures straight,
slightly depressed, fairly visible, parallel on the periphery. Facial surface low, slightly convex.
Aperture, an elongated, broad slit at the base of last formed chamber. Wall very coarsely arena­
ceous, with big, angulate grains, protruding irregularly throughout the test.

Variation. - Not known, due to scarcity of material.
Remarks. - Our specimens are most similar to Gaudryina rugosa rossica BALAKHMA­

TOVA, 1955, from Maastrichtian of Siberia (V. S. S. R.).
Distribution. - Few specimens in Danian and in Montian at Pamietowo. Probably

reworked.

Family VALVULINIDAE CUSHMAN, 1927

Genus CLAVULINA D'ORBIGNY, 1826

Clavulina parisiensis D'ORBIGNY, 1826

(Plate IV, fig. 9)

1826. Clavulina Parisiensis O'ORB.; A. O'ORBIGNY, Tableau methodique ... , Modeles, no . 66 (fide ELLIS & MESSINA
CataI. of Foraminifera).

?1884. Clavulina parisiensis O'ORB.; H. B. BRAOY, Report on the Foraminifera ... , p. 395, pI. 48, fig. 14-18.
1900. Clavulina Parisiensis O'ORB.; J. C. EGGER, Foraminiferen und Ostrakoden aus den Kreidemergeln der Ober­

bayerischen Alpen, p.44, pI. 16, fig. 22, 23, 50, 51.
? 1910. Clavulina parisiensis O'ORB.; J. A. CUSHMAN, Foraminifera of North Pacific , p. 75, fig. 123, 124.

1927. Clavulina parisiensis O'ORB.; A. FRANKE, Die Foraminiferen und Ostracoden , p. 10, pI. 1, fig. 6.
non 1932. Clavulina parisiensis O'ORB.; J . R . SANDIDGE, Foraminifera , p. 269, pI. 41, fig. 12.

1960. Clavulina parisiensis O'ORB.; D. CURRY, Eocene limestones , p. 293.

Material. - 4 specimens, well preserved. .
Dimensions of an average specimen (in mm.):

Length of test I ·13
Maximum width of test 0·30

,
Description. - Test elongated , earlier portion short, chambers arranged triserially, the

remainder of test arranged uniserially. Chambers distinct, inflated, moderately increasing in
size as added, sutures distinctly depressed. Initial end acute, apertural end broadly rounded.
Aperture round on the top of last formed chamber. Wall smoothly arenaceous.

Variation. - Not known, due to scarcity of material.
Remarks. - More common in Montian of Poland is a similar species Bermudezina cf. ben­

tonensiformis HOFKER, 1958, with a longer, triserial part of test and shorter biserial remainder of
test. Similar to Pseudoclavulina anglica CUSHMAN (1936), from which our specimens differ in
having broader triserial part than the remainder of test, and more depressed sutures.

Distribution. - Very rare in Montian at G6ra Pulawska and Zyrzyn. Known from the
Paleocene of Denmark, Sweden, Germany, France and the Netherlands. More common in
rather younger strata than in those of Lower Paleocene age.
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Genus MARSSONELLA CUSHMAN, 1933

Marssonella oxycona (REuss, 1860)

(plate 11, figs. 2, 3)
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1860. Gaudryina oxycona REUSS ; A. E. REUSS. Die Foraminiferen der Westphalischen Kreideformation , p. 229
pI. 12, fig. 3.

1878. Gaudryina oxycona REuss ; T. MARssoN. Die Foraminiferen ... , p. 158.
1900. Gaudryina oxycona REuss ; J. G. EGGER, Foramin iferen und Ostrakoden aus den Kreidemergeln der Ober -

bayerischen Alpen, p. 38, pl . 4, fig. 1-3.
1933. Mansonella oxycona (REuss); J. A. CUSHMAN, New American Cretaceous .... p. 36, pI. 4, fig. 13.
1937. Marssonella oxycona (REuss) ; N . A. KAUNIN, Foraminifery melovych otlozenij ... , p. 19, pi, 1. fig. 12-13.
1937. Marssonella oxycona (REUSS); J. A. CUSHMAN, A Monograph ... , pl. 5, fig. 27; pI. 6, fig. 3-5, 8-12 (earlier

synonymy included).
1941. Marssonella oxycona (REUSS) ; D. L. TOULMIN, Eocene smaller Foraminifera ... , p. 573, pI. 78, fig. 12-13.
1946. Marssonella oxy cona (REUSS); J. A. CUSHMAN, Upper Cretaceous Fo raminifera ... , p . 43, pl. 12, fig. 3-5.
1951. Marssonella oxycona (REUSS) ; J. A. CUSHMAN. Paleocene Foraminifera ... , p . 9, pl. 2, fig. 21.
1954. Marssonella oxycona (REUSS); L. DON FRIZZElL, Handbook ... , p.75, pl . 6, fig. 17.
1956. Marssonella oxycona (REUSS); J. HOFKER. Die Pseudotext ularia-Zoue ... , p. 64, pl. 5, fig. 6.
1957. Marssonella oxycona (REUSS); J. HOFKER. Foramin iferen der Oberkreide ... , p. 85, fig. 86-90.
1962. Marssonella oxycona (REUSS); E. M. SCHMID, Die Foram iniferenfauna ... , p. 322, pI. 1, fig. 5.

Material. - About 30 specimens, some of them damaged at the apertural end.
Dimensions of two specimens (in mm.):

Height of test
Maximum width of test

1
0'3 6
0·40

2
0·86
0·67

Description. - Test conical, sometimes longer, sometimes shorter, gradually tapering
rounded in transverse section; chambers and sutures not always distinct. The last chambers
biserial. Between two rows of chambers, a zigzag-shaped suture flush with surface. The last
chambe r overlapping the former one and sometimes overhanging it. Their periphery rounded.
Apertural face flattened, ~r concave . Aperture form s a narrow slit, extending from base into
face of last chamber. Wall coarsely or finely arenaceous. Chambers alternate throughout.

Variation. - Considerable; in the general shape more conical or less, in the structure of
wall which can be very coarse with some big quartz grains, or smoothly arenaceous.

Distribution. - Very common in the Upper Maastrichtian as well as in the Danian. Not
restricted only to the Cretaceous. From the U. S. Gulf Coastal Region quoted in the basal part
of the Midway group as reworked, rare , poorly preserved specimens. Present in Danian (?)
of Austria .

Genus DOROTHIA PLUMMER, 1931

Dorothia monmouthensis OLSSON" 1960

(plate IV, figs. 7a-c)

1960. Dorothia monmouthensis OLSSON; R. K. OLSSON, Foraminife ra ... , p.7, pI. 1, fig. 9-10.

Material. - Few specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of test 0·74
Maximum width of test 0·54
Thickness of test 0 '35
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Description. - Test cylindrical, slightly tapering, broadly rounded at base, oval, nearly
round in the section. Chambers biserial, inflated, overlapping. Sutures indistinct in initial part,
slightly depressed in biserial portion. Facial surface slightly convex. Aperture forms an elongated
slit at the base of last formed chamber. Test smoothly arenaceous.

Variation. - Not known due to scarcity of material.
Remarks. - Our specimens differ only insignificantly from American ones, not having

parallel sides of biserial portion. A very similar species was described in New Zealand as
Dorothia biformis FINLAY from Maastrichtian (Trans. roy. Soc. NZ., 69, 3, 313, PI. 25, fig. 26-28,
1939), where it is used as index species (P. N. WEBB, personal communication). D. biformis
FINLAY also occurs in Campanian sediments in Western Australia (BELFORD, 1960).

Distribution. - Very rare in Poland. Known in few specimens from Boryszew only.
Probably derived from Maastrichtian. Described from Navarro (Maastrichtian) formation
in New Jersey.

Genus ATAXOPHRAGMOIDES BROTZEN, 1948

Ataxopbragmoides frankei BROTZEN, 1948

(Piate I, figs. 5a-b)

1948. Ataxophragmoides frankei BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p . 36, pI. 5, fig. 6.
1956. Orblgnyna frankei (BROTZEN); J. HOFKER, Foraminifera from the Cretaceous ... , XIV, p. 17, fig. 4-D (non

fig. 4A·C).

Material. - 48 specimens, well preserved. •
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·80
Shortest diameter of test 0·60

Description. - Test subglobular or globular, rather big. First whorls indistinct, the last
entirely overlapping first whorls, forming the majority of the test as in Arenobulimina. Five
chambers in last whorl. Sutures distinct, depressed. Apertural face slightly convex. Aperture
big, round or crescent. Wall coarsely arenaceous, with isolated large grains and a lot of cement.

Variation. - In size rather than in shape.
Remarks. - Rather common in coarse detritic sandy layers. Our specimens do not

differ from the holotype.
. Distribution. - Known from the Cretaceous of Limburg and the Swedish and Danish

Danian and Selandian . Present in Danian and Montian of Bochotnica, G6ra Pulawska and in
the Maastrichtian of Pamietowo and Sochaczew. Probably reworked. HOFKER (1956) described
trimorphic development of this species.

Genus ARENOBULIMINA CUSHMAN, 1927

Arenobulimina cuskleyae JENNINGS, 1936

(Plate IV, fig. 8)

1936. Arenobulimina cuskleyae JENNINGS; P. H. JENNINGS, A microfauna ... , p . 13, pI. 1, fig. 8.
1948. Arenobullmina cuskleyae JENNlNGS; F. BROTZEN, The Swedish Paleocene ... , p. 34, pl, 6, fig. 2.
1957. Arenobulimina cuskleyae JENNlNGS ; F. BROTZEN & K. POZARYSKA, The Paleocene in central Poland, p. 273.
1960. Arenobulimina cuskleyae JENNlNGS ; R. K. OLSSON, Foraminifera ... , p , 7, pl , 1, fig. 11.
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Material. - A dozen specimens or so.
Dimensions of an average specimen (in mm.):

Length of test 0'52
Thickness of test 0·23
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Description. - Test subfusiform, elongated, with ends broadly rounded, composed of
3-4 whorls gradually increasing in size. Spiral sutures depressed obliquely, septal sutures not
depressed, slightly limbate. Two last whorls form the largest part of test. 4 chambers in last
whorl. Aperture round or comma-shaped in slightly depressed facial surface. Wall smoothly
arenaceous.

Variation. - Not known due to scarcity of material.
Remarks. - Our specimens do not differ from Swedish ones. In comparison with the

holotype described in U. S. A. from Eocene, Polish specimens have spiral sutures not so
depressed. The same applies in comparison with specimens described from New Jersey by
OLSSON (1960).

Distribution. - Common in Montian of Sochaczew, Boryszew and Pamietowo, as well
as in Swedish and Danish Paleocene and North America . Not known in Montian (Calcaire
Pisolithique) of Paris Basin (P. MARIE, oral information).

Arenobulimina mohreni BROTZEN, 1948

(Plate Il, figs. 4a-b)

1948. Arenobulimina mohreni BROTZEN; F. BROTZEN, The Swedish Pal eocene .. . , p . 35, pl. 6, fig. 1.
1957. Arenobulimina mohreni BROTZEN ; F. BROTZEN & K. POZARYSKA, The Paleocene in central Poland , p. 273.
1960. Pernerina redbankensis OLSSON ; R. K. OLSSON, Foraminifera ... , p. 8, pl. I , fig. 22-23.

Material. - About 20 specimens, well preserved.
Dimensions of an average specimen (in mm.):

Height of test 1'40
Thickness of test 1·20,

Description. - Test subglobular, sometimes round, spiral arrangement of chambers.
First chambers not visible, being overlapped by last whorl , which is sometimes a little elongated.
5 chambers in last whorl. Ratio width to height as 3 : 1. Sutures distinct , not depressed, except
for the last. Apertural face slightly concave, with a big, distinct , comma-shaped aperture. Test
smoothly arenaceous; small equal grains consisting of quartz.

Variation. - Specimens found in Upper Maastrichtian, Danian and Montian differ
only in size. Young specimens resemble Arenobulimina sphaerica MARTE, described from Upper
Cretaceous of Paris Basin (1941).

Remarks. - Specimens found in Poland very similar to Swedish ones. The same mo­
derately large grains of sand , same character of walls and spire. Specimens described by
OLSSON (1960) as Pernerina redbankensis more rounded, but seem to belong to Arenobulimina
mohreni. The same smooth, finely arenaceous character of wall; sutures not depressed; same
shape of aperture.

Distribution.·- Very common in the Maastrichtian of Pamietowo, in the Danian of
Bochotnica and Sochaczew, and in the Montian of Bochotnica, Sochaczew and Boryszew.
Present also in the Netherlands from the Maastrichtian chalk to Lower Paleocene, as well as in
Danian and Selandian of Denmark and Sweden. Not known from the Mo ntian of Paris Basin.
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Arenobulimina sp.

(Plate Ill. figs. 8a-b)

Material. - A dozen specimens or so.
Dimensions of an average specimen (in mm.):

Length of test 0'34
Maximum width of test 0·33

Description. - Test small, very short, nearly as long as broad, rapidly tapering, in trans­
verse section more rounded or less. Facial surface slightly depressed. Two coils visible, the latter
forming four-fifths of test. Sutures distinct, very slightly depressed, nearly flush with surface.
Initial end acute, apertural end bro adly rounded. Aperture loop-shaped, at the base of last
formed chamber. Wall very smoothly arenaceous, with calcareous cement.

Distribution. - Rare in Mon tian at Boryszew and Sochaczew.

Genus ORBIGNYNA HAGENOW, 1842

Orbignyna inflata (Rsuss, 1850)

(Plate Ill. figs. 6a-c)

1850. Sp iro/ina inflata REUSS; A. E. REUSS. Foraminiferen und Entomostraceen des Kreidemergels von Lemberg,
p, 16. pI. 2. fig. 5. 6.

1939. Orbignyna inflata (REUSS); V. G. MOROZOVA. K stratigrafii.. .• p. 70. pI. 1. fig. 10. 11.
1939. Orbignyna ovata HAGENOW; M. KELLER. Foraminifera der Oberkreide .. .. p. 6. pI. 2. fig. 10.
1959. Orbignyna infla ta (REUSS) ; M. M. MOSKVIN. Atlas ... , p. 94. pl . 2. fig. 5.
1963. Orbignyna inflata (REUSS) ; A. M. VOLO~INA. Nekotorye vidy ... , p. 268, pI. 4, fig. I . 2.

Material. - Few specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Longest diameter of 'test 1·44
Shortest diameter of test 0·86
Thickness of test 0'89

Description. - Test big, coiled, thick, insignificantly asymmetrical , more flattened on
one side, raised on the other, with slightly depressed central part. Periphery broadly rounded,
7 chambers gradually increasing in size, as added , slightly inflated, compressed. Sutures distinct ,
slightly depressed, curved. Facial surface very broad, convex. Aperture, a long slit vertical in
the central part of facial surface. Wall finely arenaceous.

Variation. - Not known, due to scarcity of material.
Remarks. - Very close to holotype, the latter having more depressed sutures and not so

elongate aperture.
Distribution. - Rare in Danian where it is probably reworked. Some specimens at Bo­

ryszew and Sochaczew in Upper Cretaceous. Very typical in Middle Danian in Danemark.
Common in Upper Cretaceous beds in many regions of U. S. S. R. Very similar species is
present in the Cretaceous of Paris Basin, known as Orbignyna variabilis (D'ORBIGNY)
(D'ORBIGNY: 1840; MARIE, 1941).



FORAMINIFERA AND BIOSTRATIGRAPHY

Orbignyna ovata HAGENOW, 1842
(plate IIl, figs. 2a-b - Sa-b)
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1842. Orbignyna ovata v, HAGENOW; F. v, HAGENOW, Monographie .. . , p . 573, pI. 9, fig. 26a-d).
1861. Haplophragmium ovatum H AG. sp. ; A. E. REUSS, Di e Foraminiferen der Rtlgenschen Kreideversteinerungen,

pI. 5, fig. 8a-b, 9. ' .
1878. Lituola ovata (v . HAG.); T. M ARssoN, Di e Foraminiferen ... , p. 171, pl . 5, fig. 40 a-m.
1953. Orbignyna ovata HAGENOW; T. BARNARD & F . T . BANNER, Arenaceous Foraminifera .... p . 200. pI. 9,

fig. 7A-B).
1956. Orbignyna ovata HAGENOW; J. HOFKER, Foraminifera from the Cretaceous ... . XIV , p. 16, fig. 2B (not 2A).
1961. Orbignyna ovata HAGENOW ; V. S. AKlMEC, Stratigrafija i foraminifery .. . . p . 103, pI. 7, fig. 5, 6.

Material. - A dozen or so specimens, usually damaged.
Dimensions of 4 specimens (in mm.) :

1
Longest diameter of test 0,58
Shortest diameter of test 0'43
Thickness of test 0·27

2
0·78
0·65
0·40

3
1'22
0·95
0·45

4
1'37
HO
0·54

Description. - Test rather big, planispiral, about as long as broad, sometimes a little
elongated, coiled, compressed, more flattened or less. Periphery broadly rounded. Chambers
few, 4-7, overlapping, lobe-shaped, rapidly increasing in size as added , last crescent, strongly
overlapping the preceding ones. Sutures distinct, curved, sickle-shapped, slightly depressed.
Last chamber much bigger, sometimes elongated. Aperture round or triangular, large on the
top of facial surface or just below the top. Wall coarsely arenaceous, often rather roughly
finished. All the periphery coarsely arenaceous.

Variation. - Marked in general shape, as well as in thickness. Shape of aperture varies
from round to oval, sometimes more elongated, sometimes less, to triangular.

Remarks. - Orbignyna ovata is most similar to O. inflata (Rsuss). The latter differing
by being thicker and having slightly curved, not sickle shaped sutures. In comparison with
the holotype, presented by REuss from the Rligen's chalk, our specimens are more flattened.

Distribution. - Common in all Maastrichtian of Limburg , Sweden, Germany and
England. Known in Maastrichtian as well as in Dani an and Montian at Bochotnica, G6ra
Pulawska, Zyrzyn and Boryszew. In Dan ian and Montian probably derived.

Orbignyna rimosa ( M ARSSON, 1878)
(Pla te I, fig. 3)

1878. Bulimina rimosa MARSSON; T. MARSSON. Foraminif~ren ... . p, 153, pI. 3, fig. 21.
1925. Bulimina ovata (HAG.) va r. ruegensis FRANKE; A. F RANKE, Di e Foraminiferen der pommerschen Kreide ,

p. 82. pl , 7, fig. 5. I

1925. Bulimina rimosa MARSSON; A. F RANKE, lb id., p. 23. pI. 2, fig. I3a-b.
1937. A taxophragmium rimosum (MARSSON); N . A. K ALlNIN. Fora minifery melovych otlozenij ... . p . 23, pl. 2,

fig. 20-21.
1956. Orbignyna rimosa (MARSSON); J. HOFKER. Foraminifera fro m the Cretaceous .... XIV, p. 16. fig. 3 B-C.

no n 3 A.
1956b. Orbignyna rimosa (MARSSON); J. HOFKER, Die Pseudotextul ar ia-Z on e ... , p . 62, pI. 5, fig. 1.
1956a. Orbignyna rimosa (MARSSON); J. HOFKER, Les Fora miniferes .. .. p . B-201, fig. 54 (no n fig. 55-56).

Material. - Some specimens, well preserved.
Dimensions of 2 specimens (in mm.):

1 2
Longest diameter of test 0,50 0·38
Shortest diameter of tes t 0·47 0·35
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Description. - Test small , spherical, closely coiled, like Arenobulim ina, early portion
not visible. Flattened on facial surface. 4-5 chambers, sutures straight, not very distinct, flush
with test sur face. Aperture round, rather small, at th e base of last formed chamber. Wall
smoothly arenaceous with conspicuous fine spiculae imbedded in the agglutination, mostly
directed in the length of test.

Remarks. - This species is characterized by the presence of spicules in the test. HOFKER
described in 1956 the trimorphic development of this species. In this author's opinion, 3 gene­
rations are represented as early as in the M aastrichtian in Belgium and the Netherlands, giving
respectively an Ataxophragmium structure of test in the A2 generation, Arenobulimina or Plectina
in the B generation, and Orbignyna in Al genera tion. From this point of view, our closely coiled
specimens represent A, generation.

Distribution. - Very rare in Poland. Found in the Montian of Boryszew, where it is
probably der ived. Known from Upper Cretaceous of Germany, Limburg, province Lw6w
(Lvov, U. S. S. R ), Emba region , and Paris Basin.

Genus BEISSELINA VOLOSHINOVA& BALAKHMATOVA, 1959

Beisselina aequisgranensis (BEISSEL, 1891 )

(Plate I, figs. 4a -b ; IV, figs. Sa-h)

1891. Lituola aquisgranensis BEISSEL ; J . BEISSEL, Foraminiferen ... , p. 12, pI. 3, fig. 1-16.
1953. Orbignyna aquisgranensis (BEISSEL); T. BARNARD & F. T. BANNER, Arenaceous Fo raminifera ... , p. 199,

pl. 9, fig. 10.
1959 . Beisselina aequisgranensis (BEISSEL); M. M. MOSKVIN, Atlas ... , p. 94, pl. 2, fig. I.
1959. Beisselina aequisgranensis (BEISSEL) ; D. M. RAUZER-CERNOUSOVA& A. V. FURSENKO, Osnovy paleont ologii,

p. 227, text-pl . 271 a-h.

Material. - Few specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of test 1'50
Maximum width of test 1·00

Descript ion. - Test large, con ical, round in transverse section, spiral in early portion,
elongated in the remainder of test, chambers low, arranged uniserially. Sutures distinct, slightly
depressed, the last chamber much larger, inflated, aperture round or oval on the top of last
formed chamber. Wall coarsely arenaceous.

Remarks . - BEISSEL (1891) presented the considerable variability of this species. Our
specimens do not differ from specimens figured by BEISSEL (fig. 8, pl. 3).

Distribution. - A few specimens have been found in the Danian and in Montian at
Bochotnica, in lower part of pho sphoritic layer, probably derived. This species is known from
the Upper Cretaceous of the Russian Platform, Caucasus, Germany and England.

Genus PLECTINA MARSSON, 1878

Plectina? convergens (KELLER, 1935)

(Plate nr, fig. 7a-b)

1935. Heterostomella convergen s KELLER; B. M. KELLER, Microfauna der oberen Kreide , p. 542, pl , 1, fig. 1-2.
1937 . Plectina convergens (KELLER) ; N. A. KALININ, Foraminifery melovych otlozenij , p. 18, pl . I , fig. 11.
1959. Heterostomella convergens KELLER ; M. M. MOSKVIN, Atlas ... , p. 94, pl , 1, fig. 10.
1961. Plectina convergens (KELLER); V. S. AKIMEC, Stratigrafija i foraminifery ... , p. 102, pl. 7, fig. 1, 2.
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Material. - Some specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of test 1·02
Maximum width of test 0·45
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Description. - Test elongated, fusiform , bluntly pointed at both ends, outline lobulate,
early portion short, triangular, remainder of test biserially arranged, tending to be uniserially,
chambers slightly inflated, up to 5 in number in one row, sutures indistinct in the early portion,
flush with surface, limbate in the remainder of test , depressed between last chambers. Aperture
simple, round or oval near the top of the last formed chamber. Wall coarsely arenaceous.

Remarks. - In Pleetina eonvergens, described by KELLER from Maastr ichtian of Donetz
Basin, the test is triserial for about three-fourths of its length. Our specimens, which are biserial
nearly throughout the test, are not very similar to the holotype. But this species has a consi­
derable variation. KELLER (1935) included also into this species specimens with much deeper
sutures and an irregular arrangement of chambers. It seems possible that our specimens belong
to the latter forms . Our specimens resemble, on the one hand, Pleetina convergens KELLER,
on the other - Adhaerentia midwayensis PLUMMER, 1938. They differ from the latt er by not
having an uniserial portion of test , only tending to be uni serial like in Loxostomum.

Distribution. - Very rare in Montian of Bochotnica, upper part of pho spho ritic layer
(probably derived). This species occurs in Santonian, Campanian and Maastrichtian in the
Crimea, Caucasus and all over East European Platform (Russian Platform).

Family LAGENIDAE CARPENTER, 1862

Genus ROBULUS MONTFORT, 1808

Robulus bibensis (MARIE, MS)

(Plate VI, figs. I a-b)

Cristellaria bibensis MARIE; P. MARIE,Foraminiferes du Calcaire Pisoli thique (in manuscript), pl, 10, fig. 1-2.
1957. Lenticulina sp. ; K. POZARYSKA, Lagen idae du Cret ace Sli p . de Pologne, p . 129, pl . 17, fig. 1.

Material. - Few specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 2·00
Shortest diameter of test 1·50
Thickness of test 0 '70

Description. - Test big, sides flat, closely coiled, involute, periphery rounded, chambers
numerous, up to 12; last formed chamber of peculiar shape , having a distinct ventral lobe.
Chambers gently convex, of rather uniform size and shape. Sutures distinct, strongly limbate,
slightly curved and depressed. Facial surface smooth, convex. Aperture big, radiate on the
top of last formed chamber. Wall smooth and unornamented.

Variation. - Not known because of scarcity of specimens.
Distribution. - In Danian and Montian of Poland (Bochotnica, G6ra Pulawska, So­

chaczew). In the Calcaire Pisolithique of Pari s Basin (P. MARIE, oral information). Not known
from the Maastrichtian.



62 KRYSTYNA POZARYSKA

Robulus degolyeri (PLUMMER, 1926)

(plate VII, fig. 4)

1926. Criste//aria degolyeri PLUMMER; H . J. PLUMMER, Foraminifera of the Midway ... , p. 97, pl, 7, fig. 7.
1941. Lenticulina degolyeri (PLUMMER) ; L. D. TOULMlN, Eocene small Foraminifera ... , p. 580, pl. 78, fig. 29, 30.
1944. Robulus degolyeri (PLUMMER) ; O. L. BANDY, Eocene Foraminifera ... , p , 368, pI. 60, fig. 5a-b.
1951. Robulus degolyeri (PLUMMER) BANDY ; J. A. CUSHMAN, Paleocene Foraminifera .. . , p, 14, pl . 3, fig. 21, 22.
1964. Robulus degolyeri (PLUMMER); K . POZARYSKA, On some Foraminifera ... , p. 540, pl, 1, fig. 22.

Material. - 25 specimens, well preserved .
Dimensions of 2 specimens (in mm.):

J 2
Longest diameter of test 0'95 2'10
Shortest diameter of test 0·85 1'30

Description. - Test large, moderately compressed, a little longer than broad, flattened,
peripheral margin keeled. Chambers crescent-shaped, up to 10 in number, greatly increasing
in size as added , smooth, sutures distinct , considerably raised, especially in central part of
shell, forming high sutural ridges, fusing at the center in a quite irregular but conspicuous boss,
tapering outwards to the margin, where they are nearly flush with the surface. Keel narrow,
sharp, ragged, transparent, usually broken. Facial surface elongated , convex, bordered by two
ribs. Aperture radiate, elongated on the top of last formed chamber.

Variation. - Applies especially to character of central boss which can be in varying degrees
irregularly developed, sometimes divided into several tubercles. The boss can be located near
inner periphery, or more or less in the middle of test. In our specimens the central boss is never
in the centre of test, always somewhat sideways.

Remarks. - Our specimens differ from the holotype , being more elongated .
Distribution. - Common in Montian at Sochaczew, Boryszew and Gcra Pulawska. Not

present in the Danian. Common in Paleocene of U.S.A.

Robulus hornerstownensis OLSSON, 1960

(plate VIII, figs. 3a-b, 4)

1951. Robulus cf. R. rosettus (GUMBEL); J. A. CUSHMAN, Paleocene Foraminifera ... , p. 16, pI. 4, fig. 20, 21.
1960. Robulus hornerstownensis OLSSON; R. K. OLSSON, Foraminifera .. . , p. 10, pl . 2, fig. 3, 4.

Material. - A hundred or so specimens, well preserved.
Dimensions of 2 specimens (in mm.):

J 2
Longest diameter of test 0'63 0·50
Shortest diameter of test O'50 0'40
Thickness of test 0'28

Description. - Test small, closely coiled, thick , peripheral margin keeled, outline slightly
lobulate, chambers distinctly inflated, few up to 5 in number, increasing rapidly in size as
added, slightly convex, smooth. Sutures curved, slightly depressed or flush with surface. Last
chamber forming a lobe. Umbo is sometimes formed, rectangular in shape. Keel very narrow,
lobate. Facial surface broad, convex, bordered with two not very distinct rims. Aperture
radiate on top of last formed chamber, sometimes on a slight neck.

Variation. - Applies to general size and the presence or lack of the umbo.
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Remarks. - Our thick specimens do not differ from the holotype described from New
Jersey.

Distribution. - Common in the Danian and Montian at G6ra Pulawska, Sochaczew,
Boryszew and Bochotnica. Known widely from the Paleocene of North America. Present
in Upper Danian in Denmark (Hvallese),

Robulus klagshamnensis BROTZEN, 1948

(plate VIII. figs. Sa-b)

1885. Cristellaria cf. clypeiformis KOENEN; A. KOENEN, Dber eine Palaocane Fauna ... , p. 108. pI. 5. fig. 14.
1927. Cristellaria osnabrugensis FRANKE; A. FRANKE. Die Foraminiferen und Ostracoden .... p. 27. pI. 2. fig. 14.
1948. Robulus klagshamnensis BROTZEN; F. BROTZEN. The Swedish Paleocene... . p. 41. pI. 7. fig. la-c, 2a-b.
1962. Robulus klagshamnensis BROTZEN; E. M. SCHMID, Die Foraminiferenfauna ... , p. 325. pI. 1, fig. 4.

Material. - 25 specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·81
Shortest diameter of test 0'75
Thickness of test 0'42

Description. - Test large, moderately compressed, sides strongly convex, peripheral
margin sharply keeled , chambers crescent-shaped, comparatively few, usually 8 in the last
whorl, increasing very gradually in size as added, of rather uniform shape throughout. Su­
tures fairly distinct, raised, continuing into the umbilical region, curved, more strongly towards
periphery, meeting the latter obliquely. Umbo highly rounded, transparent, often divided
into small tubercles. Keel well developed, narrow, sharp, showing a slight lobation, lacking
on the last formed chamber, transparent. Facial surface triangular, narrow, joining the pre­
ceding whorl in a tight contact, overlapping deeply the last whorl. Aperture radiate on the
top of last formed chamber. Wall smooth. .

Variation. - Rather great, described in detail by BROTZEN (1948, p.4l), mainly ap­
plying to number of chambers, raising of sutural ribs and form of peripheral keel.

Remarks. - Our specimens do not differ from the holotype described from Sweden.
Distribution. - Rare. Present only in Danian and Montian at G6ra Pulawska, In Klags­

hamn's conglomerate also very rarely to be found. More common in Danish Selandian
and Danian (?) of Austria.

RobuJus pseudo-mamilligerus (PLUMMER, 1926)

(plate VII, figs. 1a-b)

1926. Cristellaria pseudo-mamilligera PLUMMERj H. J. PLUMMER. Foraminifera of the Midway .... p, 98. pI. 7.
fig. 11a-b.

1951. Robulus pseudo-mamilligerus (PLUMMER) ; J. A. CUSHMAN. Paleocene Foraminifera p. 13. pI. 4, fig. 1-5.
11962. Robulus pseudo-mami//igerus (PLUMMER); E. M. SCHMID. Die Foraminiferenfauna , p. 325. pl, 2, fig. 2.

Material. - 15 specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 2'60
Shortest diameter of test 1'90
Thickness of test 0·42
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Description. - Test strongly compressed, slightly elongated, peripheral margin keeled.
Chambers slightly curved, smooth, 8 in number in the last whorl, sutures distinct, limbate,
elevated, tapering outwards from an irregularly developed central boss or from a group of
ribs and tubercles . Keel very thick, not high. Facial surface elongated, convex, bordered by
two ribs. Aperture radiate on the top of last formed chamber.

Variation. - Mainly in the character of central boss which may be developed as a group
of protuberances.

Remarks. - Our specimens have less chambers than the holotype described by PLUM­
MER and less than all other specimens recorded in America .

Distribution. - Common in Montian at Boryszew, G6ra Pulawska and Sochaczew.
Robulus pseudo-mamilligerus (PLUMMER) described by SCHMlD (1962, pl. 2, fig. 2) from the
Danian of Austria is not similar at all to PLUMMER'S holotype. The central plug and width
of ragged keel marks it from PLUMMER'S holotype and other American specimens. It is rather
related to the Robulus sp. described by SCHMID in the same paper (1962, pI. 2, fig. 1). Com­
mon in Paleocene of North America.

Robulus rancocasensis OLSSON, 1960

(Plate VII, figs. 3 a-b, :5 a-c)

1960. Robulus rancocasensis OLSSON; R. K. OLSSON, Foraminifera of th e latest Cretaceous ... , p. 10, pI. 2, fig. 5, 6.

Material. - Some hundred specimens, well preserved.
Dimen sions of 2 specimens (in mm.):

1 2
Longest diameter of test 0·55 0'60
Shortest diameter of test 0·44 0'48
Thickness of test O'31

Description. - Test large, closely coiled, umbonate, circular in outline . Peripheral mar­
gin acute or keeled. Chambers very distinct , smooth, 8 in number in the last whorl , of uniform
shape, very gradually increasing in size as added. Sutures distinct , slightly curved, flush with
the surface, umbo small, rectangular in shape or slightly elevated, forming a transparent,
regular plug. Keel small, regular, not ragged. Facial surface triangular, bordered by two rims,
slightly convex. Aperture radiate, big, .on top of last formed chamber.

Variation. - These form s are very variable, especially in the shape of central plug and
in general size.

Distribution. - Very common in Danian as well as in Montian in all studied outcrops
and borings of central Poland. Common in Paleocene of North America. Present in Upper
Danian in Denmark (Hvallese).

Robulus turbinatus (PLUMMER, 1926)

(Plate VIII , figs. I a-b)

1926. Cristellaria turbinatu l' LUMM ER; H. J . PLUMM ER, Foraminifera of the Midway ... , p. 93, pI. 7, fig, 4 a-b.
195 1. Robulus turbinatus (PLUMMER); J. A. CUSHMAN, Paleocene Fora minifera .. . , p. 14, pI. 4, fig. 6-9.
1960. Robulus turbinatus (PLUMMER); R . K. oLSSON, Fo raminifera .. . , p. 10, pI. 7, fig. 2.
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Material. - About 40 specimens. Peripheral margin often damaged .
Dimensions of an average specimen (in mm.) :

Longest diameter of test 0·30
Shortest diameter of test 0·22
Thickness of test 0·\4
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Description. - Test moderately compressed, nearly circular , umbonate, peripheral mar­
gin sharply keeled. Chambers semi-crescent , few, 8 in number, narrow, smooth. Sutures dis­
tinct, strongly raised and very strongly curved, especially toward s the periphery. Umbonal
area elevated, forming sometimes a regular plug. Keel ragged , transparent. Facial surface
small, overlapp ing deeply the last whorl , bordered by two rims . Aperture big, radiate, on the
top of last formed chamber.

Remarks. - Our specimens do not differ from the ho lotype described from the Midway
formation . In general they are very close to Robulus klagshamnensis BRoTzEN, but their size
is twice as small. Chambers not so crescent , sutures not so curved, keel not so broad.

Distribution. - In Danian and Montian at Bochotnica, G6ra Pulawska, Sochaczew and
Pamietowo. Present in Danian of Denmark, in the Midway formation in Texas and in New
Jersey.

Robulus wilcoxensis CUSHMAN & PONTON, 1932

(Pla te VB . figs. 2a-h ; Plate VHf. fig. 2)

1932. Robulus wilcoxensis CUSHMAN & PONTON; J . A. CUSHMAN & G. M. PONTON. An Eocene .. . , p. 52, pl . 7,
fig. 3a-b.

1941. Robulus wilcoxensis CUSHMAN & PONTON; L. D. TOULMIN, Eocene sma ller Foraminifera .... p. 579, pl . 78,
fig. 24, 25.

1951. Robulus wilcoxensis CUSHMAN & PONTON; J. A . CUSHMAN, Paleocene Foraminifer a ... , p. \5 , pI. 4, fig. 17.
1964. Robulus wilcoxensis C USHMAN& PONTON; K . POZARYSKA, On some Foraminifera .. . , p , 540, pl , I, fig. \ -\2 .

Material. - About 20 specimens , well preserved.
Dimensions of 2 specimens (in mm.):

Longest diameter of test
Shortest diameter of test
Thickness of test

I
0'25
0·17

2
0'27
0·20
0·\\

Description. - Test big, moderately compressed, closely coiled, except toward end,
Periphery acute, keeled, with angles, slightly nodose, the intervals between forming straight
lines, somet imes a few are concave. Chambers 8 or 9 in the last whorl, of rather uniform shape,
except the two or three last , which are lobate or elongated. Sutures distinct, gently curved ,
flush with surface in the early portion, becoming slightly depressed between later chambers.
Keel rather small, blunt. Wall smooth, except for the early raised sutures. Aperture radiate.

Variation. - Applies to the shape of the 2 or 3 last chambers, which can be lobate,
elongated or even with a slight tendency to uncoil.

Remarks. - Our specimens do not differ from the holotype.
Distribution. - Rare in Montian at Sochaczew, Boryszew and G6ra Pulawska. Very

similar species occurs in Montian of Paris Basin (P. MARIE, oral information).
Pataeonlo1ollia Poloni ca No , 14 5
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Robulus sp.

(Plate VI, figs. 3a-h)

Material. - Single specimen, damaged at the apertura l end.
Dimensions (in mm.) :

Longest diameter of test 2'90
Shortest diameter of test 2' 30
Thickness of test 1·30

Description. - Test very thick, regularly coiled, generally evolute, convex on both sides,
periphery rounded or slightly subacute, chambers few, 8 in number , increasing gently in size
as added. A small umbo flush with the surface of chambers. Sutures distinct, strongly curving
outwards from centra l boss, slightly depressed. Broad, smooth facial surface. Aperture big,
radiate on the top of last formed chamber. Wall smooth.

Variation. - Not known.
Remarks. - Similar but not so inflated as Cristellaria (Robulus) semiimpressa Rss.

described from Rugaard in Jutland by REUSS (1866) and FRANKE (1927).
Distribution. - This remarkably distinctive species, quite different from all other spe­

cies, belonging to Lenticulina-Robulus group, is known only from Montian of Sochaczew;
probably also from the Montian of Paris Basin (P. MARIE, oral information) and from the
Crimea.

Genus DARBYELLA HOWE & WALLACE, 1933

Darbyella irregularis POZARYSKA, 1957

. (Plate VIII, figs. 6, 1a-b)

1957. Lenticulina ( Darbyella) irregularis (POZARYSKA) ; K. POZARYSKA, Lagenidae du Cretace sup. de Pologne
p. 124, pl . 16, fig. 1, 3.

Material. - Two dozen or so specimens.
Dimensions of 2 specimens (in mm.):

1 2
Longest diameter of test 2·00 2·40
Shortest diameter of test 1·30 1'70
Thickness of test 0·40 0·48

Description. - Test large, compressed, sometimes slightly convex on both sides, the
first portion coiled, the remainder of test more or 'less uncoiled. Periphery rounded, lobate.
Chambers numerous up to 12, gently increasing in size as added. Sutures distinct, limbate,
slightly curved, depressed. Facial surface smooth, convex. Aperture big, radiate on the top
of the last formed chamber.

Variation. - Considerable, applies mostly to the size of uncoiled portion of test.
Remarks. - Most specimens belong to the genus Darbyella, but some are planispiral

and ought to be referred to Lenticulina.
Distribution. - The holotype was described from Nas ilow (middle Vistula) from the

phosphoritic layer, lying just on the top of Maastrichtian of Danian age (not of Maastrichtian
age, as was previously supposed). To be found too in the Montian in Poland (Bochotnica,
Sochaczew, G6ra Pulawska), as well as in Limburg and Paris Basin (P. MARIE, oral information).
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Genus PLANULARIA DEFRANCE, 1824

Planularia bzurae POZARYSKA, 1957

(Pla te V, figs. 6a-c; Plate VI , figs. 2a -b)

67

partly 1948 . Robulus discus BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p . 42 .
1957. Planularia pulavensis bzurae POZARYSKA ; K. POZARYSKA, Lagenidae du Cretace sup. de Pologne, p . 104,

pl. 19, fig. 5a-b.
1957. Planularia pulavensis bzurae POZARYSKA; F. BROTZEN & K. POZARYSKA, The Paleocene in central Poland,

p.274.

1964. Planulariabzurae POZARYSKA ; K. POZARYSKA, On some Foraminifera .. . , p. 543, pl, 1, fig. 23 ; pI. 2, fig. 1-16.

Material. - About one hundred of specimens, well preserved.
Dimensions of 4 specimens (in mm.):

1
Longest diameter of test 2 ·00

Shortest diameter of test 1·95
Thickness of test 0 ·50

2
2-80
2'10
0 ·30

3
3-20
1·90
0·62

4
3-65
2'35
0·60

Description. - Test large , sides flattened, coiled evolute. Periphery truncate, with well
developed keel, dividing sometimes into 3 parallel ragged keels. Chambers numerous, up to
12 in number, slightly convex, sutures distinct, curved, raised, depressed between two last
chambers. On the surface some ribs irregularly crossing through sutures and chambers, gradu­
ally becoming nearly parallel to the outer edge of the test. Umbo distinctly elevated, some­
times with a small, transparent plug. Facial surface elongated, very narrow, bordered by two
thick rims. Aperture radiate, on the top of the last formed chamber.

Variation. - Considerable in the character of peripheral margin which may be more
keeled or less, as well as in ornamentation of surface. Ribs can be well developed or only as
single , fine costae, crossing sutures, sometimes a solitary ridge appearing here and there
(see POZARYSKA, 1964, pl, 2, fig. 1-16).

Remarks. - This species is related to Planularia pulavensis on the one hand, and to
P. discus on the other. Sometimes it is rather difficult to decide to which of them the studied
specimens belong.

Distribution. - Found neither in Maastrichtian, nor in Danian. Common in .Montian
of Poland, as well as in Selandian of Sweden .

Planularia discus (BROTZEN, 1948)

(Pla te V, figs. 5a-c)

1948. Robulus discus BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p. 42 , pl. 7, fig. 3, 4, text-fig. 7.
1957. Planularia pulavensis umbonata POZARYSKA; K. POZARYSKA, Lage nidae du Cret ace sup. de Pologne, p . 103,

pl . 19, fig. 4.

Material. - Some hundred specimens, well preserved.
Dimensions of 4 specimens (in mm .) :

Longest diameter of test

Shortest diameter of tes t
Thickness of test

1
1·12

0'90
0·45

2
1-65
1'22
0,57

3
2,15

1·75
0-70

4
2-60
1·90
0·80

5*
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Description. - Test large, compressed , sides flat , umbo in the central part of test strongly
elevated . Peripheral margin keeled, with the exception of last chamber. Chambers numerous,
up to 13 in number , gently increasing in size as added, slightly convex. Sutures very distinct,
transparent, thick, depressed between two last chambers. Proloculum with a central plug
and some irregular rib s. Facial surface narrow, elo ngated, bordered by two rims. Aperture
radiate on the top of last formed chamber.

Variation. - Very great. Te st can be less inflated, keel more developed or less, central
plug sometimes big , sometimes smaller.

Remarks. - Some of our specimens are the same as the holotype described by BROTZEN
(1948). Planularia dissona (PL.), described from America, seems to be very similar to P. discus
(BROTZEN).

Distribution. - Common in the Danian and Montian of Poland. Never in the Maastricht­
ian. Rare in Klagshamn's conglomerate, as well as in the Danish Upper Danian and Selandian.

Planularia puJavensis POZARYSKA, 1957, emend. 1965

(Plate V, figs. 4a-c)

Longest diameter of test
Shortest diameter of test
Thickness of test

..
Material. - Same hundred specimens, well
Dimensions of 4 specimens (in mm.) :

1
1·12
0·90
0·45

2 3
1·65 2-15
1·22 1·75
0·57 0'70

4
2-80
2-10
0·40

Description. - Test large, strongly compressed, sides flat , periphery rounded, some­
times slightly keeled , coiled evolute; all coils, including proloculum, visible. Chambers nu­
merous, up to 15 in number. Width of chambers increasing gradually as the test develops.
Sutures distinct, slightly depressed , transparent, gently curved. The facial surface narrow,
elongated, limbate, with 2 distinct sutures, somewhat raised. Aperture big, radiate, on the top
of the last formed chamber. Wall smooth, polished.

Variation. - Applies to the general shape and size only.
Remarks. - Our specimens from borings do not differ from the holotype.
Distribution. - Very common in Danian and Montian of Poland (Boryszew, G6ra

Pulawska, Sochaczew, Zyrzyn). Not known from the Maastrichtian. The holotype was erro­
neously described as being from the Maastrichtian (POZARYSKA, 1957), as the phosphoritic
layer lying just on the top of the »opoka« limestone, is ofDanian age , containing Globigerina
daubjergensis BRONN.

Genus MARGlNULINA D'ORBIGNY, 1826

Marginulina costulata HOFKER, 1958

(Plate IX, figs . 1-2)

1944. Marginulina species TEN DAM; A. TEN DAM, Die stratigraphische Gliederung .... p. 99, pI. 6. fig . 6.
1951. Marginulina sp. B ; J. A. CUSHMAN, Paleocene Foraminifera.... p. 18, pl. 5, fig. 32-33.
1957. Marginulina cf. armata REUSS ; K. POZARYSKA, Lagenidaedu Cretace sup. dePologne, p. 105, pI. 11, fig. 13.
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1958. Marginulina eostulata HOFKER ; J. HOFK ER, Fora minifera from the Cretaceous ... , XXXIV, p . 66, text ­

fig. lOa-b.

Material. - Some dozens of specimens, well preserved .
Dimensions of 2 specimens (in mm.) :

Length of test
Maximum width of test

1
0·55
0·22

2
0·70
0·21

Description. - Test small, delicate, short, elon gat ed in a straight line up to 5 chambers
only. Chambers low, sometimes about twice as broad as long, slight ly swollen, round in sec­
tion. Sutures indistinct, depres sed, transverse. Proloculum rather big, initi al end with a slight
spine. Longitudinal, continuous striae running throughout the chamber sur faces as well as
th rough sutur e dep ression s, Sometimes fine tubercles coalescing into fine ribs, the last formed
chamber with fine spines. Aperture big , radi ate, placed asymm etrically.

Variation. - In the character of rib s, varying from small striae to isolated tubercles,
arra nged in a straight line.

Remarks. - This small species of Marginulina costulata is very characteristic for Danian,
and especially for Montian strata in Poland.

Distribution. - Rare in D anian (Bochotnica, Sochaczew, G6ra Pulawska), common in
Montian (Boryszew, Soch aczew, Pamietowo). It occurs in upperm ost Cretaceous (Md) and
in D anian in Limburg.

Marginulina cf. plummerae C USHMAN, 1937

(pl a te IX , fig. 9)

1937. Marginulina plummerae CUSHMAN ; J . A. C USHMAN, So me no tes .. . , p. 97, pl . 13, fig . 2 1-23.
1957. Marginulina plummerae C USHMAN; K. POZARYSKA, Lagenidae du Cretace Slip . de Pol ogne, p . 110, pl . 13,

fig. 5.
1964. Ma rginulina er plu mmerae C USHMAN ; K . POZARYSKA, On so me Foramini fera .. . , p. 545, pl . 5, fig. 1-12.

Material. - Some dozens of specimens, ofte n damaged.
D imensions of 3 specimens, well preserved (in mm .):

Length of test
Maximum wid th of test
Thickness of test

/
0·70
0·30
0·22

2
1'05
0·32
0·25

3
J'62
0 '42
0·40

Description. - Test elongated, compressed, especially in early portion which is coiled .
Very early becoming uncoiled and gra dually less compressed until the sect ion becom es nearly
circular. One side nearly straight, last slightly convex, th e other side slightly co ncave: Cha m­
bers few in coiled portion,' in uncoi led po rtion gradua lly increasing in size as added , of rather
un iform shape, the last becoming distinctly inflated, subspherical, sutures distinct, slightly
oblique, in the first portion of test flush with the sur face, in the remainder of test , especially
between 3 last chamber s, depressed. Aperture radi ate, asymmetrical, sometimes on an elongated ,
tapering neck . Wall smooth.

Variation. - Rather small, in the curvature of test ax is only.
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Remarks. - Some specimens described by CUSHMAN (1946, pl. 22, fig. 7, 8) seem not
to belong to this species. Raised sutures in the middle portion of test and broader chambers
are characteristic features for some Vaginulina species, for instance V. longiforma (PLUMMER)
and V. ear/andi (PLUMMER).

Distribution. - Common in Danian as well as in Montian in all studied outcrops and
borings, except Pamietowo. This species occurs in Maastrichtian and Danian at Limburg,
and probably in Montian of Paris Basin (p. MARIE, oral information). Known from the
Upper Cretaceous of North America.

Marginulina sp.

(Plate VI, fig. 5)

Material. - Some specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of test 0·85
Maximum width of test 0·30

Description. - Test composed of 3-4 chambers, the first being the longest. Chambers
strongly inflated, suture not distinct, but deeply depressed, the initial end acute, aperture
radiate on the elongated top of last formed chamber, lying somewhat asymmetrical. Chambers
covered by numerous, minute ribs, like striae, extending throughout the test.

Remarks. - Similar to Dentalina multicostata D'ORBIGNY from Cretaceous ofParis Basin.
Distribution. - Rare in Montian at Magnuszew and Zyrzyn (probably derived).

Genus DENTALINA D'ORBIGNY, 1826

Dentalina vistulae POZARYSKA, 1957

(Plate VI, figs. 6, 7)

1926. Nodosaria /ongiscata D'ORBIGNY; H. J. PLUMMER, Foraminifera of the Midway , p. 82, pl, 4, fig. 17a-b.
1951. Nodosaria cf. longiscata D'ORBIGNY; J. A. CUSHMAN, Paleocene Foraminifera , p. 24, pl, 7, fig. 9, 10.
1957. Dentalina vistulae POZARYSKA; K. POZARYSKA, Lagenidae du Cretace sup. de Pologne, p . 89, pl, 7, fig. 10,

text-fig. 18.
1960. Nodosaria'l cf. longiscata D'ORBIGNY; R. K. OLSSON, Foraminifera .. . , p. 18.

Material. - Some dozens of specimens , almost always damaged.
Dimensions of 2 specimens, representing two generations (in mm.):

J
Length of test 0'7
Diameter of proloculum 0·23
Maximum width of chamber 0·12
Length of chamber 0·48

2
1·4
0'37 and ' 0 '15
0·14
0'65

Description. - Test very long, slender, pipe-like, chambers numerous, cylindrical to
ellipsoidal, exceptionally elongated, circular in transverse section, sutures not very distinct,
slightly depressed. Proloculum big, round, circular in some specimens , elongated like following
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chambers in other specimens. Chambers like sticks, only very slightly inflated In the middle.
Wall smooth, aperture small radiate on a short neck.

Variation. - Insignificant.
Remarks. - Generally known from fra gments. Entire specimens very difficult to pro­

cure. This species described by the present writer (1957) resembles at the first glance Nodo ­
saria longiscata D'ORBIGNY, 1846, but differing from the latter in general size which is much
smaller, being a more delicate test, porcellaneous not opaque, and chambers not swollen, not
angular at the base. These observations are in agreement with PLUMMER (1926). The holotype of
N . longiscata D'ORBIGNY, defined by this author from the Miocene of Vienna Basin, is showing
distin ct angulations at the base of each chamber. So it is better not to extend D'ORBIGNY'S defi­
nition to for ms with elongate chambers, not swollen at base, and the more so as th ese two
forms do not occur in the same period. Dentalina vistulae POZARYSKA appears with the be­
ginning of D ani an, whereas Nodosaria longiscata D'ORBIGNY - in Miocene. Specimens de­
scribed by PLUMMER (1926) ought to belong to Dentalina vistulae POZARYSKA, and not to
Nodosaria longiscata D'ORB. Our specimens similar to Siphonodosaria exilis (NEUGEBOREN),
described by SUBBOTlNA (1953a) from Upper Eocene of the Crimea.

Distribution. - Common in Danian and Montian at Bochotnica, G6ra Pulawska , So­
chaczew and Zyrzyn . All the intr aspecific discussion is given in the quoted paper (POZARYSKA,
1957).

Dentalina annloomisae McLEAN, 1951

(Plate XI , figs. 5-7)

1951. Dentalina annloomisae McLEAN ; J. D. Mc LEAN, Paleocene Foraminifera ... , p. 25, pI. 4, fig. 6-7.
1957. Dentalina annloomisac McLEAN; K. POZARYSKA, Lagenidae du Cretace sup. de Pologne, p. 74, pl. 8, fig. 3.

Material. - 70 specimens, often damaged .
Dimension s of 5 specimens well preserved (in mm. ) :

A - form B -form

Length of test
Maximum width of test
Diameter of proloculum

1 2 3 4 5
HO 4·55 7-95 8·55 8·70
0'50 0·80 0·85 0·92 0'70
0·30 0'52 0·35 0·12 0·12

Description. - Test large , elongated , arcuate, with a tapering initial end in the micro­
spheric fo rm and an enlarged initial chamber with a small initial spine in the megalo spheric
form. Chambers numerous, up to 11, in the early portion obscured in both generations by
heavy, longi tudinal r idges . Chambers slightly inflated in the early po rtion, more inflated in
the remainder of test. Sutures limbate, depressed, indistinct. Ap erture radi ate, prot ruding,
on th e top of last formed chamber. Wall smooth, glistening.

Variation. - Not considerable. It applies mainly to the genera l shape, which is more
ar cuate or less, up to almost straight.

Remarks. - Our spec imens differ from the holotype in not having sutu res so developed
that they could be defined as distinct, constricted bands (McLEAN, 1951). They are rather
indistinct.

Distribution. - Common in Montian at Boryszew and Gora Pulawska ,
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Genus NODOSARIA LAMARCK, 1812

Nodosaria granti PLUMMER, 1926

(Plate vr, fig. 8)

1926. Nodosaria granti PLUMMER; H . J . I'LUMMER, Forarninifera of th e Midway .. . , p. 83. pl. 5. fig. 9u-d.

Material. - A hundred or so specimens.
Dimensions of an average specimen (in mm.):

Length of test 5'30
Maximum width of test 0·50

Description. - Test very long, slender, straight or gently arcuate, smooth. Length up to
several millimetres. Chambers numerous, over 10, somewhat swollen , pyriform or cylindrical,
round in section, twice as long as broad, sutures indistinct, transverse, depressed. Wall thick,
opaque. Proloculum rather small, apiculate. Aperture radiate.

Variation. - Considerable, applying mainly to length of chambers and to curvature of
th e test axis, illu strated excellently by PLUMMER (1926).

Remarks. - Our specimens are very similar to those described by PLUMMER from
Midway formati on.

Distribution. - Common in Danian as well as in Montian, at Bochotnica, Gora Pulawska,
Na silow, Sochaczew and Zyrzyn . Not known in the Maastrichtian. Very common in the
basal strata of th e Midway formation.

Genus SARACENARIA DEFRANCE, 1824

Saracenaria hamata (FRANKE. 1927)

(P la te VI , figs. 4a-b)

1927. Cristelloria hamata FRANKE; A. FRANKE, Foraminiferen und Ostracoden ... , p . 24, pl, 2, fig. 12 a-c.
1951. Ma rginulina er. hamata (FRANKE) C USHMAN & TODD; J . A. CUSHMAN, Paleocene Foraminifera ... , p . 18,

pI. 5, fig. 28-29.
1957. Sara cenaria hamata FRANKE; K. POZARYSKA, Lagenidae du Cretace sup. de Pologne, p. 118, pl. 10, fig. 9a-b.

Material. - 10 specimens, well pre served.
Dimensions of 4 specimens (in mm .):

Height of test
Maximum width o f test
Thickness of test

1
1·65
0·70
0·40

2
1·70
),10

0·40

3
1·85
1·00
0'50

4
2·55
1·15
0·60

Description. - Test big, elongated, keeled , early portion closely coiled, somewhat com­
pressed , becoming uncoiled in the remainder of test, axis slight ly curved. Uncoiled portion
triangular in the section. Chambers curved , numerous, up to 14 in number, distinctly inflated,
smooth, of uniform shape as added. Sutures distinct, depressed , gently curved, limbate and
raised in the early portion, tapering outwards . Keel narrow, transparent, ragged. Facial sur­
face triangular, stro ngly convex, bordered by two rims. Aperture big , radiate.

Variation. - Applies to length and thickness of uncoiled portion. All the other features
the same.
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Remarks. - Our specimens somewhat narrower than the holotype.
Distribution - Rare. Known from the Montian of Bochotnica, G6ra Pulawska and

Sochaczew, and from the Paleocene of Jutland . Not known from the Danian.

Genus SVEN IA BROTZEN, 1937

Svenia megalopolitana (REUSS, 1855)

(Plate IX, fig. 8)

1855. Dentalina megatopolitanu REUSS; A. E. REUSS, Ein Beit rag zu r genaueren Kenntnis der Kreidegebilde Meek -

lenburgs, p. 267, pl . 8, fig. 10.
1925 . Nodosaria megalopolitana REUSS; A. FRAN KE, Die Foraminiferen derpommerschenKreide, p. 33, pI. 3, fig. 8.
1931. Dentalina megalopolitana REUSS; J. A. CUSHMAN, Foraminifera of Tennessee, p. 29, pl. 3, fig. 8.
1946. Den falina megalopolitana REUSS; J. A. CUSHMAN, Upper Cretaceous Foraminifera ..., p.67, pI. 23, fig. ~4-26 .

1957. Dentalina megalopolitana REUSS; K. POZARYSKA, Lagenidae duCretace sup.de Pologne, p. 84, pI. 7, fig. 12-13.
text-fig. 17.

1958. Dentalina megalopolitana REUSS: J . HAYNES, Certain srnal ter ,... p. 66, pl . 16, fig. 8.

Material. - Some dozens of specimens, often damaged.
Dimensions of 4 specimens, well preserved (in mm.) :

A-form H- form

Length of test
Maximum width of test
Diameter of proloculum

J
N O
0·30
0·13

2

2·90
0·45
0· 15

3
1'85
0·25
0·05

4
1·25
0·25
0·15

Description. - Test elongated, tape ring, slightly fusiform , axis of test gentl y curved,
greatest width developed before the last formed chamber. Chambers numerous, up to 13 in
number, not inflated , of uniform shape, gradually increasing in size as added, sutures distinct,
straight, flush with surface, 'slightly depressed, but only between three last chambers. Aperture
radiate, on the top of last formed chamber. Wall smooth.

Variation. - No t considerable. A very distinctive species.
Remarks. - Our specimens do not differ from the holotype described by REUSS (1855)

from Turonian.
Distribution. - Co mmo n in Upper Cretaceo us and in Lower Tertiary in almost all

studied samples. Known from Upper Cretaceous of Europe as well as North America and
Austral ia.

Genus PSEUDOGLANDULlNA CUSHMAN, 1929

Pseudoglandulina parallela (MARSSON, 1878)

(Plate fX, figs. 4, 5)

1878. Glandulina parallela MARSSON; T. MARSSON, Die Foraminiferen..., pI. I, fig. 4a-b.
1900 . Glandulina parallela MARSSON; J. G. EGGER, Foraminiferen und Ostracoden aus den Kreidemergeln der

Oberbayerischen Alpen, p. 83, pl. 5, fig. 25.
1957. Pseudoglandulina para llela (MARSSON) ; K. POZARYSKA, Lagenidae du Cretace sup. de Pologne, p. 94, pI. 9,

fig. 5. .



74 KR YSTYNA POZAR YSKA

Material. - Few specimens, well preserved.
D imensions of 4 specimens (in mm.):

Length of test
Maximum width of (est

1
0·85
0·36

2
2·40
0·70

3
1·25
0·65

4
0'90
0·50

Description. - Test short and stout, initial end broadly rounded, circular in transverse
section, chambers few, as long as broad, much overlapping. Sutures fairly distinct, straight,
very slightly depressed. Aperture radiate, projecting on the top of last formed chamber. Wall
thick, smooth, porcellaneous.

Remarks. - Our specimens do not differ from the holotype described from Upper Cre­
taceous of Germany.

Distribution. - Very rare in Montian at Boryszew. Probably derived .

Genus TRISTIX MACFADYEN, 1941

Tristix excavatus (REUSS, 1863)

(Plate XI, figs. 4 a-b)

1863. Rhabdogonium excavatum REUSS ; A. E. REUSS, Die Foraminiferen-Familie der Lagenideen, p. 91, pI. 12,
fig. 8a-c.

1925. Rhabdogonium excavatum REUSS; A. FRANKE, Die Foraminiferen der pommerschen Kreide, p . 53, pl , 4,

fig. 20a-c.
1961. Tristix excavatus (REUSS) ; V. S. AKIMEC, Stratigrafija i foraminifery ... , p. 107, pl, 8, fig. 3-4 (earlier syno­

nymy included).

Material. - 10 specimens, half of them damaged.
Dimensions of an average specimen (in mm.):

Length of test 0'63
Maximum width of test 0·32

Description. - Test delicate, elongated, triangular in transverse section, peripheral mar­
gins acute, sides flat or slightly convex, tapering toward both ends, which are acute. Chambers
semicrescent, of uniform shape, moderately increasing in size as added, sutures distinct, gently
curved, flush with surface. Aperture small, round on the top of test. Wall thin, transparent .

Variation. - Insignificant.
Remarks. - Our specimens differ from the holotype, described from Kent, in not having

concave sides, but rather flat or even slightly convex.
Distribution. - Rare in D anian and Montian at G6ra Pulawska and Boryszew, where

they are probably derived.

Genus LINGULINA D'ORBIGNY, 1826

Lingulina naheolensis CUSHMAN, 1947

(Plate XI, figs. 2a-b)

1947. Lingulina naheolensis CUSHMAN ; J. A . CUSHMAN, Lingulina .. . , p. 18.
1951. Lingulina naheolensis CUSHMAN; J. A . CUSHMAN, Paleocene Foraminifera .. . , p. 26, pI. 7, fig. 23 .



FO RA M INlFERA AN D BIOSTRATrGRAPHY

Material. - Single specimen, well preserved.
Dimensions (in mm.) :

Length of test 0'48
Maximum width of lest 0·23

75

Description. - Test minute, fusiform, about twice as long as broad, compressed, ta­
pering toward both end s which are acute, greatest breadth about the middle, chambers few,
6 in number, crescent, strongly overlapping, increasing rapidly in size as added, sutures dis­
tinct, flush with sur face, meeting obliquely with the periphery. Aperture terminal, radiate.
Wall smooth.

Remarks. - Our specimen has slightly more curved sutures, while the American speci­
men figured by CUSHMAN (1947, 1954) has nearl y stra ight sutures at right angles to the long
axis of test.

Distribution. - Single specimen has been found in Montian at Boryszew. This species
is known from the Paleocene of North America.

Lingulina? sp.

(Plate XI, figs. 3a-b)

Material. - One specimen, well preserved .
Dimensions (in mm.):

Length of test 0'70
Maximum width of test 0·30
Thickness of test 0·18

Description. - Test elongated, moderately tapering, compressed, peripheral margin
broadly rounded and lobulate. Chambers numerous, inflated on every side of axial depression,
which extends throughout th e test. Proloculum distinct, circular. Sutures distinct, depressed.
Aperture, an elongated, narrow slit on the top of last formed chamber. Wall smooth.

Distribution. - Danian . Bochotnica quarry .

Genus VAGINULINA O'ORBIGNY, 1826

Vaginulina earlandi (P LUMMER, 1926)

(Plate IX, figs. 7a-b; Plate X, figs. 2a-b)

1926. Cristellaria earlandi PLUMMER; H. J. PLUMMER, Foraminifera of the Midway .. . , p. 103, pl , 7, fig. JO.

Material. - About 40 specimens. The uncoiled portion of test often damaged.
Dimensions of 2 specimens (in mm.):

1 2
Length of test 0'37 0·48
Maximum width of test 0'18 0·10

Description. - Test elongated, broad, compressed, elliptical in section, early portion
more or less coiled , but only a few early chambers are coiled in form A, much more in form E,
the remainder of test elon gated in a straight line or somewhat oblique. Chambers Iow, three
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times or twice as broad as high, sutures distinct, oblique, strongly limbate, raised on each
side, appearing on margins as lines or less distinct ridges. Wall smooth. Aperture radiate,
asymmetrical, on an elongated, tapering neck.

Variation. - Mainly in the cur vature of the axis of elongated portion of test.
Remarks. - In our specimens sutures not so strongly rai sed as in the holotype presented

by PLUMMER (1926).
Distribution. - Common in Dan ian as well as in Montian at G6ra Pulawska, Socha­

czew and Pamietowo. Known from th e London Clay in England.

Vaginulina gladius ( P HILIPPl , 1843)

(Plate IX, figs. 6 a-b)

1843. Marginulina gladius PHILIPPI; R . A. PHILIPPI, Beitrage zur Kenntnis .. . , p. 40, pI. J, fig. 37.
1856. Cristellaria gladius PHIL. sp.; A. E. REUSS, Beitr age zur Charakter istik ... , p. 38, pI. 2, fig. 3J a-b.
1927. Cristellaria gladius PHIL.; A. FRANKE, Die Foraminiferen und Ostracoden ... , p. 22, pl, 2, fig. 6a- b.

Material. - About 20 specimens.
Dimensions of an average specimen (in mm.):

Lenght of test 0·55
Maximum widt h of lest 0·25

Description. - Test elongated, broad , elliptical in section, early portion can be more
tightly coiled or less, the remainder of test elongated . Chambers numerous, of uniform size
as added, about twice as broad as high, sutures distinct but quite flush with surface. Aperture
radiate, asymmetrical, lying near th e margin. Wall smooth.

Variation. - Only in the breadth of chambers, and con sequently of test.
Remarks. - Our specimens do not differ from the holotype. Rather more slender than

these described by FRANKE from Rugaard (1927).
Distribution. - Common in Danian and in Montian at Bochotnica, G6ra Pulawska ,

Sochaczew and Parnietowo.

Vaginulina sp.

(Plate IX, fig. 3)

1951. Vaginulina sp. ; J . A. CUSHMAN. Paleocene Foramini fera .... p. 29, pI. 8, fig. 19.
I

Material. - Few specimens, well preserved .
Dimensions of an average specimen (in mm .) :

Length of test 2·30
Maximum width of test 0·50

Description. - Test like Marginulina plummerae CUSHMAN, cha mbers about twice as
broad as high , somewhat broader than in M. plummerae, in the section not so round, rather
elliptical. Ornamentation throughout surface, with numerous, fine, longitudinal slightly obli­
que costae.

Variation. - Not known, due to scarcity of material.
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Distribution. - Very rare, only few specimens in Montian at Boryszew boring. Some
few identical specimens were mentioned by CUSHMAN (1951), but not described because of
scarcity and poverty of material.

Genus ASTAC OLUS MONTFORT, 1808

Astacolus arcuatus (PHILIPPI, 1843)

(Plate X, figs. 6a-b)

1843. Marginulina arcuata PHILlPPI ; R. A . PHILlPPI, Beitr iige zur Kenntnis ... , p . 5, pl , I , fig. 28.
1927. Cristellaria areuata PHIL. : A. FRANKE, Di e Foraminiferen und Ostracoden .... p, 22, pl , 2, fig. 7 (ea rlier

synonymy included).

Material. - Some dozen s of specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of tes t 0·60
Maximum width of test 0·35
Thickn ess of test 0·10

Description. - Test broad, sides flattened , elongated, slightly arched, periphery trun­
cated , gently rounded. Chambers numerous in coiled portion, up to 10 in number, only few
in uncoiled portion, Chambers very broad and low, slightly increasing in size as added , of
rather uniform shape. The breadth of chambers in uncoiled portion is about the same as the
breadth of coiled portion. Sutures raised , limbate, gently curved , the last ones strongly obli­
que, paralleL Facial surface ju st below the top of the last formed chamber. Surface smooth,
except for raised sutures.

Variation. - This species does not vary.
Remarks. - Similar species is known from the Cretaceous - Astacolus tricarinella

(Rss.). Our specimens are more compressed than the holotype, Other features the same. Do
not differ from the Danish specimens described by FRANKE (1927).

Distribution. - Common in Danian as well as in Montian at Bochotnica, Go ra Pu­
lawska , Sochaczew and Pamietowo. Known from Germany and Denmark.

Astacolus gryi BROTZEN, 1948

(Plate X, figs. I a-b)

1948. Astacolus gryi BROTZEN; F. BROTZEN, The Swed ish Paleocene .. . , p. 44, pI. 7, fig. 6a-e.
1957. Astaeo/us gryi BROTZEN; F . BROTZEN & K. POZARYSKA, Th e Paleocene in cen tral Pol and, p. 274.
1958. Astaeo/us gryi BROTZEN; J . HOFKER, Foramin ifer a fro m the Cretaceous ... , p, 64, pI. 34, text-fig. J a-b.
1963. Lentieulina (Astaeo/us) gryi BROTZEN ; O. K. KAPTARENKO-CERNOUSOVA et al., Atlas ... , p. 135, pI. 29, fig. 4.
1964. Astaeo/us gryi BROTZEN; K . POZARYSKA, On so me Foraminifera .... p, 540, pl, I , fig. 20-21.

Material. - 25 specimens, well preserved .
Dimensions of 4 specimens (in mm .):

Length of test
Maximum width of test
Thi ckn ess of test

1
1·85
1·05
0·30

2
2-37
1·30
0·35

3
2·55
1·35
0·45

4
2·80
\080
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Description. - Test large , elongated, inflated , coiled portion biconvex, periphery trun­
cated on ventral side, keeled on dorsal side. Chambers numerous, but only few in the coiled
portion, increasing gradually in size and breadth as added, low, sometimes broader than high.
Sutures distinct, raised, slightly curved, with single tubercles in the beginning, later with rows
of tubercles along sutures. Some specimens have irregularly crossing ribs in coiled portion
near inner periphery. Keel narrow, sharp, rugged. Facial surface very narrow and very long ,
bordered by two distinct ribs. Aperture big, radiate at outer peripheral angle.

Variation. - Applies to character of ornamentation.
Remarks. - The species discussed by BROTZEN (1948).
Distribution. - Rare in Montian at Bochotnica, Boryszew, G6ra Pulawska, Magnu­

szew, Nasilow and Sochaczew. Present in the Paleocene of Denmark, Sweden and in south
regions of U. S. S. R .

Astacolus cf. havanensis (CUSHMAN & BERMUDEZ, 1937)

(Plate X, figs. 3-5)

1951. Marginulina cf. havanensis CUSHMAN & BERMUDEZ; J. A. CUSHMAN, Paleocene Foraminifera ... , p, 18,
pl. 5, fig. 24.

Material. - Some dozens of specimens. Last chambers often damaged.
Dimensions of 3 specimens (in mm.):

1
Length of test 1·60
Maximum width of test 0·70

2
1-60
0·50

3
2·00
0·70

Description. - Test large, compressed, closely coiled in early portion, later portion
becoming uncoiled. Periphery entire not lobulate. Chambers distinct, increasing regularly
in size as added, those of uncoiled portion sometimes reduced in size, variable in number.
Sutures distinct, except coiled portion, where they are flush with surface slightly depressed
and somewhat curved. Wall smooth. Aperture big, radiate, on the top of last formed chamber.

Variation. - Mainly in size of uncoiled portion.
Remarks. - Our specimens differ from the American ones 111 not having lobulated

periphery.
Distribution. - Common in Danian as well as 111 Montian at Bochotnica, G6ra Pu­

lawska, Nasilow, Sochaczew and Zyrzyn,

Astacolus paleocenicus BROTZEN, 1948

(Plate X, fig. 9)

1948. Astaeo/us paleocenicus BROTZEN; F . BROTZEN, The Swedish Paleocene ... . p. 43, pI. 7, fig. Ta-b, text-fig. 8.
1957. Astaeo/us palaeocenicus BROTZEN ; F. BROTZEN & K. POZARYSKA, The Paleocene in central Poland, p. 274.

Material. - A dozen or so specimens , often damaged.
Dimensions of 2 specimens (in mm.):

1 2
Length of test 1·00 3·20
Ma ximum width of test 0·67 1·60
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Description. - Test large, flattened, strongly elongated, only few chambers coiled, pe­
riphery truncated on ventral, keeled on dorsal side. Chambers numerous, very broad, low,
of uniform shape and size as added, in some cases reduced size in the last chambers. Sutures
curved, limbate, slightly raised. Wall with numerous raised ridges, runni ng throughout all
chambers and sutures, often interrupted over the sutures, disappearing toward the apertural
end. Keel narrow, ragged, sharp. Aperture radiate at outer peripheral angle.

Variation. - Not great, described by BROTZEN (1948).
Remarks. - Our specimens do not differ from the holotype described by BROTZEN

(1948). This species resembles Astaeolus gryi BROTZEN in shape, but is much larger ; it differs
also in ornamentation.

Distribution. - Not very common in Danian at Sochaczew, common in Montian at
Bochotnica, Boryszew, Nasilow, Pamietowo and Sochaczew. Known from Swedish Paleocene
and Danish Upper Danian.

Astacolus cf. trigonatus (PLUMMER, 1926)

(Plate X , figs. 7a-b, 8)

1926. Cristellaria trigonata PLUMMER ; J. H. PLUMMER, Foraminifera of the Midway ... , p . 10I , pl , 7. fig. 3 a-b
1957. Astaeo/us sp.; K . POZARYSKA. Lagenidae du Cretace sup. de Pologne, p. 101. pl. 13. fig. 9 a-b.
1957. Astaeo/us cr. eretaeeus (CUSHMAN); F . BROTZEN& K . POZARYSKA. The Paleocene in central Poland. p. 274
1958. Saracenaria trigonata (PLUMMER); J. HOFKER, Foraminifera from the Cretaceous .. .. p . 65, pl . 34, text-fig . 8a -b

Material. - About 25 specimens, often damaged.
Dimensions of 3 specimens (in mm.):

1
Length of test 1·28
Maximum width of test 0·56
Thickness of test 0 '24

2
1·30
0'62

3
1'35
0·55

Description. - Test much compressed, very broad, gently tapering , early portion coiled,
later portion uncoiled. Periphery rounded , not lobulate , dorsal side convex, ventral slightly
concave. Chambers numerous, distinct, increasing gradually in size and breadth as added,
not inflated. Sutures distinct, slightly curved, flush with surface. Wall smooth. Apert ure radiate
at the outer peripheral angle, on a short, tapering neck.

Variation. - Only in general shape, less or more slender.
Remarks. - General features make this species very similar to Astaeolus eretaeeus

(CUSHMAN). It differs in general shape, tapering , not rounded. Our specimens differ from the
holotype, being not so thick and not triangular in transverse section.

Distribution. - Not very common in Danian and Montian at Bochotnica, Boryszew,
G6ra Pulawska, Nasil6w, Sochaczew and Zyrzyn .

Genus PALMULA LEA, 1833

Palmula elliptica (NILSSON, 1827)

(Plate V. figs. 2, 3)

1827. Planularia elliptiea NILSSON; S. NILSSON, Petrefacta Suecana , p. 11. pI. 9, fig. 21, 22.
1878. Flabellina elliptica (NILSS.) ; T . MARssoN, Die Foraminiferen .. .. p. 138.
1936. Flabellina elliptica (NILSSON); F. BROTZEN. Foraminiferen aus dem schwedischen untersten Senon van

Eriksdal in Schonen, p. 105. pi . 7. fig. 14-15, text-pi. 33·34 (earlier synonymy included).
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1946. Palmula elliptica ? (NILSSON) ; J . A. CUSHMAN, Upper Cretaceous Foraminifera ... , p. 85, pl . 32, fig. 17.
1954. Palmula elliptica (NILSSON); K . POZARYSKA, 0 przewodnich o tworn icach .. . , p. 256, fig. 10.
1957. Palmula elliptica (N ILSSON) : K. POZARYSKA, Lagenidae du Cretace sup . de Pologne, p. 166, pI. 25, fig. 4.

Material. - Some hundred specimens, some of them damaged.
Dimensions of 4 specimens well preserved (in mm.) :

Length of test
Maximum width of test
Thickness of test

1
4·50
3·00

2
5·35

3' 15
0·5 5

3
6·00
3·50
0·50

4
8·35
4·10
0·50

Description. - Test elongated, rhomboidal or semielliptical, much compressed, sides flat­
tened, periphery rounded in the first portion, truncated in the remainder of test. Chambers
numerous. Earliest coiled, but very quickly followed by typical chevron-shaped chambers ,
narrow, of rather uniform width . Proloculum small, slightly elevated. Sutures distinct, high,
between the last chambers depressed. Wall smooth , polished, aperture radiate, terminal, often
with a slight neck.

Variation. - Considerable; applies to general shape. Some specimens more slender,
some more enlarged, nearly rhomboidal.

Remarks. - Rhomboidal specimens can easily be confused with Palmula robusta BROTZEN,

described from Klagshamn's Paleocene.
Distribution. - Common in Upper Maastrichtian in Poland as well as in Danian. Rare

in Montian, where probably is derived. Typical of Lower Danian in Denmark. This species
occurs in Upper Cretaceou s of Sweden, German y, probably in America too.

Palmula robusta BROTZEN, 1948

(Pla te V, fig. I)

1948. Palmula (Fiabellina) robusta BROTZEN; F. BROTZEN, The Swedish Paleocene , p, 45, pI. 8, fig. 4,5, text-fig. 9.
1954. Palmula robusta BROTZEN; K . POZARYSKA, 0 przewodnich otwornicach , p . 257 , text-fig. 11.
19560. Palmula robusta BROTZEN; J. HOFKER, Les Foraminiferes ... , p . 198, fig. 75 .

1957. Palmula robusta BROTZEN ; F. BROTZEN & K . POZARYSKA, The Paleocene in central Poland, p. 274 .
1957. Palmula robusta BROTZEN ; J. HOFKER, Foraminiferen ... , p . 144, text-fig. 168-170.
1964. Palmula robusta BROTZEN ; K. POZARYSKA, On so me Foraminifera .. . , p . 544, pl, 4, figs 1-27.

Material. - A hundred or so specimens, well preserved.
Dimensions of 3 specimens (in mm.):

Length of test
Maximum width of test
Thickness of tes t

1
1·77
1·30
0·35

2
2-65

1'95
0·25

3
4·55
3'20
0·40

Description. - Test large, elongated , the greatest breadth near the middle. Sides very
flattened, almost flat, periphery truncated or rounded. Chambers numerous, first 2-3 coiled,
the next chevron-shaped, strongly overlapping the last ones. Sutures distinct , thick, high,
not raised between last chambers. Aperture radiate, terminal on the top of the last formed
chamber. Proloculum elevated, with 2 or 3 ribs on the surface. Wall smooth, polished.

Variation. - In general shape only.
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Remarks. - This species is very similar to Palmula elliptica (NILSSON). But our test is
not so slender, being broader, nearly rhomboidal, having a bigger proloculum with distinctly
raised ribs. Does not differ from the holotype. Very similar species, present in Cretaceous of
Paris Basin, described by D'ORBIGNY as Flabellina pulchra (1840, pl. 2, fig. 12-14). Its pro­
loculum has 3 small ribs or tubercles, test rhomboidal and the proportion between coiled area
and remainder of test is the same as in Palmula robusta BROTZEN. The periphery only is trun­
cated, not rounded at all .

Distribution. - Not common in Maastrichtian and Danian. Common in Montian,
especially at Boryszew boring. Cited from the Upper Maastrichtian of Belgium, the Ne­
therlands and Germany, and from the lower part of Swedish Paleocene.

Genus CITHARINA n 'ORBIGNY, 1839

Citharina plumoides (PLUMMER, 1926)

(Plate XI , fig. 10)

1926. Vaglnulina plumo ides PLUMMER ; J. H. PLUMMER, Foraminifera of the Midway... , p. 113, pl. 6, fig. 6.
1960. Citharina plumoides (PLUMMER) ; R. K. OLSSON, Foraminifera ... , p. 19.

Material. - Some damaged specimens.
Dimensions of 2 specimens (in mm.) :

1 2
Length of test 1'50 2·10
Maximum width of test 0'60 0'50
Thickness of test 0·10 0 '15

Description. - Test large , wing-shaped, much compressed, spreading rapidly upward,
periphery rounded or slightly truncated, initial end bluntly acute, chambers distinct, very low,
numerous, up to 17 in number, very slightly if at all inflated, very oblique, increasing very
gradually but regularly in breadth and height, sutures distinct, straight or slightly curved, very
strongly oblique, slightly raised. Aperture not known. Wall smooth.

Remarks. - Our specimens are larger than the holotype described from North America.
They are devoid of striae like those specimens described by PLUMMER (1926).

. Distribution. - Very rare in Montian at Boryszew. Rare in the Paleocene of Europe
as well as of North America. This characteristic species has been reported only from beds
of Paleocene age.

Citharina sp .

(Plate XI, figs. 8, 9)

1957. Cltharina cf. strigillata REUSS ; K. POZARYSKA, Lagenidae du Cretace sup. de Pologne, p. 172, pI. 14, fig. 11.

Material. - Two specimens, well preserved.
Dimensions (in mm.) :

1 2
Length of test 0'65 1'44
Maximum width of test 0'10 0'20

Palaeontologia Polonica No. 14 6



kR YSTYNA POZARyskA

Description. - Test slende r, delicate, much compressed, somewhat fusiform in front
view, tapering toward both ends, periphery truncated, chambers few, up to 4 in number, no t
inflated , elongated, increasing very gradually in size as added , sutu res distinct, slightly curved,
raised, broken by num erous short costae, parallel to the straight edge of the test. Proloculum
strongly elongated, slightly inflated.

Remarks. - Our specimens have a very elongate proloculum, never previously described
111 an y species of Citharina. On one specimen all striae are lacking.

Distribution. - Both specimens have been found in Danian at G6ra Pulawska.

Genu s FRONDICULARIA DEFRANCE, 1826

Frondicularia biformis MARSSON, 1878

(Pla te XI , fig. I)

1878. Frondicularia biformis M ARSSON: T . M ARSSON. Di e Forami niferen ...• p. 137, pI. 2. fig. Vlc-d.
1925. Frondicularia biformis M ARSSON; A. F RAN KE, Fo ramin iferen ... , p . 53. pl , 4. fig. 19 a-b.
1946. Frondicularia sp. A ; J. A. CUSHMAN & R. TODD, F oramin iferal fauna ... • p. 2, pI. 9, fig. 24.
1951. Frondicularia sp . A: J . A. CUSHMAN, Paleocene Foraminifera ... • p. 31, pI. 9, fig. 6.
1957. Frondicularia biformis MARSSON; K. POZARYSKA, Lagenidae du Cretace sup. de Po logne, p . 139, pl. 20,

fig. 7, tex t-fig. 33 a-g.

1960. Frondicularia sp.; R . K. OLSSON. Foraminife ra .. . • p . 22. pI. 3. fig. 19.

Material. - Some dozens of specimens, well preserved .
Dimensions of 4 specimens (in mm.):

Len gt h of test
Width of test
Thickss of test

1
0·50
0·30

0·10

2
0·60
0·30

0 ·10

3
0'60
0'36

0 '10

4
0·70
0'30
0·10

Description - Test shneort, stro ngly compressed , so mewhat less than twice as lon g a
broad, outline lobulate, periphery truncated , tapering in early portion, becoming nearl y paral­
lel in the adult. Chambers few, up to 5 in number, chevron-shaped, overlapping, sutures distinct ,
strongly oblique, limbate, raised. Aperture radiate on the top of last formed chamber. Pro­
loculum very small, tapering rapidly. Wall smooth, slightly depressed along the axis of ·test,
where sutur es are not continuous.

Variation. - Considerable ; it applies mainly to genera l shape either tapering or en­
larging toward apertural end.

Remarks. - Our specimens do not differ from the holotype described from Upper
Cretaceous of Germany. It is the only one species of Frondicularia cross ing the boundary
Cretaceous-Tertiary (POZARYSKA, 1957, p. 11-12).

Distribution. - Common in Upper Cretaceous as well as in Lower Tertiary in a lmost
all studied samples. Known from Cretaceous of Europe, common in Danian of Limburg.
This species occurs also in Upper Cretaceous of North America (OLSSON, 1960, CUSHMAN,
1951).
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Family POLYMORPHINIDAE n'ORBIGNY, 1846

Genus GUTTULINA n'ORBIGNY, 1839

Guttulina communis D'ORBIGNY, 1826

(plate XII, figs. 1a-b)

1826. Guttulina communis O'ORBIGNY ; A. O'ORBIGNY, Ann. SeL Nat. , No . 15, p. 266, pl. 12, fig. 1-4.
1948. Guttulina communis O'ORBlGNY ; F. BROTZEN, The Swedish Paleoeene ... , p. 49, text-pl. 10, fig. 6.

Material. - Some hundreds of specimens, well preserved .
Dimensions of an average specimen (in mm.):

Length of test 0·75
Width of test 0·56

83

Description. - Test subovate, somewhat compressed, bluntly rounded at the base,
slightly tapering at the apertural top. Nearly circular in the transverse section. Chambers
few, only 3-4 in number, the last few strongly overlapping the earliest ones. Sutures oblique,
slightly curved , gently depressed. Wall smooth. Aperture radiate.

Remarks. - Chambers arranged like in Guttulina problema D'ORB. , very similar to
G. problema D'ORB. The difference between the latter and G. communis D'ORB. is described
by BROTZEN (1948). CUSHMAN and OZAWA (1930) do not distinguish G. communis D'ORB.
and G. problema D'ORB. in their monograph on Polymorphinidae. The first is put into the
infraspecific variety of the latter.

Distribution. - Very common in Danian as well as in Montian in all studied samples.
Present as early as in Maastrichtian. Common in Montian of Paris Basin, in Danian and Lo­
wer Paleocene (Selandian) of Sweden and Denmark. It is quite possible that this species exists
everywhere in Upper Cretaceous and Lower Tertiary deposits, but is only described under
several specific names, as e.g. Guttulina irregularis, G. problema etc. Present in Crimea too.

Guttulina hantkeni CUSHMAN & OZAWA, 1930

(Plate XII, figs. 4a-b)

1930. Guttulina hantkeni CUSHMAN & OZAWA ; J. A. CUSHMAN & Y. OZAWA, A Monograph ... , p. 33, pI. 5, fig. 4-6.
1948. Guttulina hantkeni CUSHMA N & OZAWA ; F. BROTZEN, The Swedish Paleocene ... , p. 49, text-pl, 10, fig. 9.
1951. Guttulina hantkeni CUSHMAN & OZAWA ; J. A. CUSHMAN, Paleoeene Foraminifera ... , p. 32, pl. 9, fig. 20, 21.
1959. Guttulina hantkeni CUSHMAN & OZAWA; J. HOFKER, Les Foraminiferes ... , p. 7.
1960. Guttulina hantkeni CUSHMAN & OZAWA; R. K. OLSSON, Foraminifera ... , p. 25, pl. 3, fig. 23.

Material. - About 30 specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of test 1·05
Maximum width of test 0·60

Description. - Test oval, botryoidal, variable, undulated outline, rounded at the base,
acute at the apertural end, widest about the middle or a little higher. Chambers ovate, somewhat
elongated, slightly overlapping each other. Test composed of a normal quinqueloculine series,
arranged in an anti-clockwise spiral. Chambers more or less inflated, successively removed,

6*
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further from th e ba se. The last one strongly swollen, protruding. Wall smo oth. Sutures dis­
tinct , deeply depressed. Aperture radiate.

Variation. - Thi s species shows considerable variation, mainly in general shape and
outline, which can be more lobulat e or less lobulate.

Remarks. - Our specimens compare well with the holot ype described from Eocene in
Hungary by CUSHMAN and OZAWA.

Distribution. - Not common in Danian and in Montian in all studied localities in
Poland. Well known throughout the Tertiary of North America and Europe. According to
HOFKER (1959), pre sent in Maastrichtian's Tuffeau in Limburg, as well as in Saint-Symphorien's
Tuffeau in Basin of Mons.

Guttulina muensteri (Rsuss, 1856)

(Plate XIII, figs. 2a-b)

1856. Polymorphina miinsteri R EUSS; A. E. R EUSS, Beitrage zur Charaktcris tik del' Tcrt iarschichten, p. 249, pl. 8,
fig. 80l/-c.

Material. - Abo ut 50 specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Le ngth of tes t 0·80
M aximum width of test 0'54

Description. - Test oval, in transverse section elliptical, acute on both sides, th e initial
end slightly rounded, widest about the middle. Chambers few, embracing each other slightly,
gently inflated ; sutures distinct, stra ight or slightly cur ved, flush with surface. Wall smooth,
aperture large, radiate.

Variation. - Insignificant, mainly in general shape, non lobulate outline.
Remarks. - This species is similar to the Guttulina roemeri (REUSS), but is not so swol­

len and not so asymmetrical in general outline. Arrangement of chambers the same. Chambers
not overlapping. Our specimens do not differ from the holotype descr ibed by REUSS from
the Oligocene.

Distribution. - Not common in Danian and in Montian in all studied samples.

Guttulina problema O'ORBIGNY, 1826

(Pla te XII, figs. 2a-b)

1826. CI/II I/lina problema O'O RBIGNY ; A. O'ORBlGNY, Ann . Sci. Nat ., No. 15, p. 266 , pI. 26, fig. 14.
1926. Polymorphina communis O'ORBIGNY; H . J. PLUMMER, Forarninifera of the M idway ... , p . 123, pl, 6, fig. l2 a-b.
1930. CI/III/lina problema O'ORBIGNY; J. A. C USHMAN & Y. OZAWA, A M onograph ... , p. 19, pl , 2, fig. 1-6 .
1946. CI/III/lina problema O'ORBIGNY; R . C. VAN BELLEN, Foraminifera ... , p , 35, pI. 2, fig. 28.
1948. CI/III/lina problema O'ORBIGNY; F. BROTZEN, The Swedish Paleocene ... , p . 49, text-pI. 10, fig. 7.
1951. Guttulina problema O'ORBIGNY; J . A . CUSHMAN, Paleocenc F ora mi nife ra .... p . 32, p I. 9 , fig. 15-18.
1958. Guttulina pro blema O'ORBlGNY; J. H AYNES, Certai n smaller. .. , p. 5, pI. 3, fig. Sa -c.

Material. - About 200 specimens, well preserved.
Dimensions of an average specimen (in mm .) :

Le ngth of test 0 '54
M axim um wid th of test 0·36
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Description. - Test broadly fusiform, globose, ovate, outline lobulate, acute at the
apertural end , more or less rounded at the base. Greatest width towards the middle, trigonal
in section. Chambers elongated, up to about 7 in number, strongly inflated , successively re- :
moved from the base, but not quite regularly. Test composed of a normal quinqueloculine
series, arranged in an anti-clockwise spiral. Sutures distinct , depressed. Wall smooth. Aperture
radiate on the top.

Variation. - Specimens referred to thi s species show considerable variation. .
Remarks. - Very similar to Guttulina communis n'ORBIGNY. Some authors do not dis­

tinguish G. problema n'ORB. from G. communis n'ORB. However BROTZEN (1948) stated in
samples from Ystad (Swedish Paleocene) that the length/breadth proportion is 0.87 for G. com­
munis, while only 0.55-0.60 for G. problema . Therefore this author has distinguished between
these two species.

Distribution. - Very common in Danian as well as in Montian in all studied outcrops
and borings. Well kno wn throughout the Tertiary of North America and Europe.

Guttulina roemeri (REUSS, 1856)

(Pla te XIII, figs. 7a-b)

1856. Globulina riimeri R EUSS ; A. E. REUSS, Beit rage zu r Charak terist ik der Tert iarschichten, p. 245, pl. 6, fig. 63a-c.
1930. Guttulina roemeri (REuss); J. A. CUSHMAN & Y. OZAWA, A Monograph .. . , p. 41, pI. 9, fig. 3a-c.
1948. Guttultna roemeri R EUSS ; F . BROTZEN, Th e Swedish PaJeocene ... , p . 49, text-pi. 10, fig. 12.

Material. - About 50 specimen, well pre served.
Dimensions of an average specimen (in mm.) :

Length of test 0 '90
Maximum width of test 0' 65

Description. - Test oval, swollen, outline asymmetrical , not lobulate, broadly rounded
at initial end, bluntly acute at the apertural end , circular in transverse section, the greatest
breadth above middle. Chambers inflated, oval, embracing, arranged in a nearl y tri serial
series. Sutures distinct, stra ight or gently curved , flush with surface or very slightly depressed .
Wall smooth, aperture radiate, often fistulo se.

Variation. - Insignificant.
Remarks. - Our specimens are much larger than the holotype described by R EUSS from

Oligocene .
Distribution. - Not common in Danian and Montian at Bochotnica, Boryszew and

G6ra Pulawska. Present in Paleocene of Sweden , Denmark and probably Pari s Basin
(P. MARIE, oral information).

Genus GLOBULINA n 'ORB1GNY, 1839

Globulina arenacea BROTZEN, 1948

(Plate xxn, fig. 5)

1948. Globulina arenacea BROTZEN; F . BROTZEN, Th e Swedish PaJeocene .. . , p. 48, text-pI. 10, fig. 3a-d.

Material. - About 30 specimens, well preserved .
Dimension s of an average specimen (in mm.):

Length of test 0·32
Maximum width of test 0 '30·
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Description. - Test spherical or very slightly elongated; general shape of Globulina
gibba O'ORB. circular or oval in section , rounded on the initial and apertural end. Chambers
few, genera lly three, sutures flush with surface , often indistinct, wall covered with fine grains
of sand of uniform size. Aperture radiate.

Variation. - Variation and test structure described in detail by BROTZEN (1948). Re­
markable, highly .distinctive species.

Remarks. - Our specimens do not differ from those described by BROTZEN (1948).
Similar, at first glance, to subspecies of Globulina gibba described by O'ORBIGNY (1846),
whose walls are covered with spines, tubercles or punctations , built not by quartz grains.

Distribution. - Rare in Danian and Montian at Gora Pulawska, Pamietowo, Boryszew,
and Sochaczew; known from Lower Paleocene (Selandian) of Sweden.

Globulina gibba O'ORBIGNY, 1826

(Plate XIII , fig. 3)

1826. Globulina gibba O'ORBIGNY; A. O'ORBIGNY, Ann. Sci. Nat. , No. 15, p. 266, fig. 63.
1926. Polymorpha gibba O'ORBIGNY ; H. J. PLUMMER, Foraminifera of the Midway .... p . 122. pl, 6. fig. 8.

1930. Globulina gibba D'O RBIGNY; J. A. CUSHMAN & Y. OZAWA, A Monograph .. .• p . 60. pl . 16, fig. 1-4 (earliest
synonymy included) .

1946. Globulina gibba O'ORBIGNY ; R. C. VAN BELLEN. Foraminifera ... , p . 37. pI. 3, fig. 4.
1948. Globulina gibba O'ORBIGNY ; F. BROTZEN. The Swedish Paleocene .... p. 46. text-pl. 10. fig. 1, 2.
1951. Globulina gibba O'ORBIGNY ; J. A. CUSHMAN, Paleocene Foraminifera .•.• p. 33, pI. 9, fig. 26-28.
1957. Globulina gibba O'ORBIGNY ; F. BROTZEN & K. POZARYSKA. The Paleocene in central Poland. p. 274.
1958. Globulina gibba O'ORBIGNY ; J. HAYNES. Certain smaller , p . 8. pI. 3, fig. 10.
1960. Globulina gibba O'ORBIGNY ; R. K. OLSSON, Foraminifera , p . 25 , pl . 3, fig. 25.

Material. - About 100 specimens , well preserved.
Dimensions of an average specimen (in mm.) :

Length of test 0·50
Maximum width of test 0·45

Description. - Test globular or subglobular, in section circular or somewhat ovate.
Chambers few, embracing, inflated, rounded, arranged in a nearly tr iserial series. Chambers
do not always equally overlap and are not regularly arranged. Sutures not very distinct. Wall
smooth, sometimes with fistulose tube, especially at apertural end. Aperture radiate.

Variation. - To a considerable degree.
Remarks. - Fistulose forms occur, but are rather rare. D 'ORBIGNY'S original specimen

is lost. Typical G. gibba begins with the Tertiary. According to CUSHMAN'S and OZAWA'S de­
tai led study (1930), there are no Mesozoic G, gibba.

Distribution. - Common in Danian as well as in Montian in all studied outcrops and
borings. Known from almost all localities with Danian, Paleocene and younger sediments.

Genus PYRULINA O'ORBIGNY, 1839

Pyrulina fusi formis (RoEMER, 1838)

(Pla te XIII . figs. 4a-b)

1838. Polymorphina fusiformis ROEMER ; F . A. ROEMER. Die Cephalopoden ... , p. 386, pI. 3, fig. 37a-b.
1930. Pyrulina fusiformis (ROEMER) ; J. A. CUSHMAN & Y. OZAWA, A Monograph .. .. p . 55, pI. 13. fig. 3-8 (earlier

synonymy included).
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1946. Pyrulina fu siformis (ROEMER); R . C. VAN BELLEN. Foraminifera ... , p . 40 , pl . 3, fig. 11.
1948. Pyrulina fus iformis R OEMER; F. BROTZEN, The Swedish Paleocene .. . , p. 48 , text-pl, 10. fig. 4.
1957. Pyrulina fusiformis R OEM ER ; F . BROTZEN & K. POZARYSKA, The Paleocene in central Poland. p. 274 .
1958. Pyrulina fusiformls (ROEMER); J. H AYNES. Certain sma ller ... . p . 7. pl . 3. fig. 8-8i.

Material. - Some specimens; well preserved.
Dimensions of an average specimen (in mm .):

Length of test 1·95
Width of test 0 ·60

Description. - Test elongated, with rounded base and tapering apex, oval or circular
in sect ion. Chambers few, up to 8 in number, biserial throughout, of rather uniform shape,
slowly increasing in size as added. Sutures distinct, flush with surface, arranged at about 45°
to th e horizontal. Wall smoo th. Aperture radiate, large on the top.

Variation. - Figured in HAYNES' paper (1958).
Remarks. - Our spec imens are th e sa me as some of those described by HAYNES (1958,

fig. 8f on pl. 3).
Distribution. - Rare in Montian at Bochotnica, Boryszew, Gora Pulawska and Na­

silow, Known from British and Swedi sh Paleocene, as well as from south regions of Russian
platform. Common in Upper Tertiary sed iments.

Genu s PSEUDOPOLYMORPHINA CUSHMAN & OZAWA, 1928

Pseudopolymorphina frondea (CUSHMAN, 1922)

(Pla te XII, figs . 5. 6)

1922. Bolivina fr om/ea C USHM AN; J. A. CUSHMAN, Th e Fora minifera .. . . p . 126, pl, 29, fig. 3.
1951. Polymorp hina frondea (CUSHMAN); J. A. CUSHMAN, Paleocene Foraminifera .... p, 35, pl , 10, fig. 13.
1960. Polymorphina fronde a (CUSHM AN); R . K. O LSSON. Fora mi nife ra ... . p. 26, pI. 3. fig. 28.

Material. - About 30 specimens, well pre served.
Dimensions of two specimens (in mm.) :

Length of test
Ma ximum wid th of test

1
0·82
0·47

2
0 '57
0 ·36

Description. - Test much compressed , side s flat , rhomboidal, broad, periphery truncated
or slightly rounded. Early portion of test gradually tapering. Chambers low, of uniform shape
as added, alternating throughout. Sutures distinct, flush with surface, oblique, slightly curved.
Wall smooth. Aperture radiate on the top of the last formed chamber.

Variation. - Small ; all specimens ar e of rather uniform size and shape.
Remarks. - In comparison with the holotype from Lower Oligocene our specimens

have not such a rounded periphery and are smaller. Rather peculiar species, not resembling
other species belonging to thi s family.

Distribution. - Not common, neither in Danian nor in Montian , at Bochotnica, Bo­
ryszew, Gora Pulawska, Pamietowo and Sochaczew. This species occurs in a few specimens
in Am er ica beginning with the Paleocene up to Oligocene,
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Pseudopolymorphina geijeri angusta BROTZEN, 1948

(Plate XTf, figs. 8a-b)

1948. Pseudopolymorphina geijeri angusta BROTZEN; F . BROTZEN, The Swedish Paleocene ... , p. 52, text-pl . 10.
fig. 15, text-fig . 12.

1963. Dyofrondicularla geijeri (BROTZEN) ; O. K. KAPTARENKO-CERNOUSOVA et al. , Atlas ... , p. 134, pl . 29, fig. 5, 6.

Material. - About 20 specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of test 1·8
Maximum width of test 1·1

Description. - Test big, elongated, compressed, oval, greatest breadth above the middle.
Periphery broadly rounded. Cham bers low, elongated, strongly curved, overlapping, slightly
inflated , alternating throughout. Sutures distinct , gently depressed. Wall has distinct, longi­
tudinal, parallel costae. Aperture radiate.

Variation. - Described in detail by BROTZEN (1948).
Remarks. - Our specimens have more elongated, ellipsoidal proloculum, not so short

as described by BROTZEN (1948).
Distribution. - Few specimens in Danian at Gora Pulawska and Pamietowo, as well as

in Montian at Bochotnica, Boryszew and Sochaczew. Present in Bunde Formation (the Nether­
lands) , where identified by P. MARIE (oral information), and in Paleocene of Donetz Basin.

Pseudopolymorphina paleocenica BROTZEN, 1948

(Plate XIII, fig. 6)

1948. Pseudopolymorphina paleocenica BROTZEN ; F. BROTZEN, The Swedish Paleocene... , p. 50, text . pl . 10,
fig. 13, text-pl, 11, fig. 1-22.

1957. Pseudopolymorphina paleo cenica BROTZEN; F . BROTZEN & K. POZARYSKA, The Paleocene in central
Poland, p. 275.

1963. Pseudopolymorphina paleocenica BROTZEN; J. HOFKER, Foraminifera from the Cretaceous..., LXV,
p, 56, fig. 5a-c.

Material. - About 50 specimens, well preserved.
Dimensions of two specimens (in mm.): .

1
typical

Length of test 2·25
Maximum width of test 0 ·90

2
conformis

2·10
1·40

Description. - Test large , elongated, compressed, acute in both ends, periphery broadly
rounded, nearly parallel, lobate. Chambers numerous, in the early portion slightly twisted,
in the remainder of test arranged biserially. Sutures transparent, distinct, very slightly depres­
sed, nearly flush with surface. Convex towards the apertural top, never straight. Wall smooth.
Aperture radiate, big on the top of last formed chamber.

Variation. - Discussed in detail by BROTZEN (1948).
Remarks. - Our specimens do not differ from the Swedish ones .
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Distribution. - Not very common in Danian at Sochaczew, more common in Montian
at Bochotnica, Boryszew, Go ra Pulawska, Pamietowo and Sochaczew. This species occurs
in Lower Paleocene (Selandia n) of Sweden, Denmark, the Netherlands and in Crimea.

Genus SIGMOMORPIDNA CUSHMAN & OZAWA, 1928

Sigmomorphina brotzeni HOFKER, 1957

(Plate XII, figs. 3a-b)

pars 1948. Sigmomorphina soluta BROTZEN; F . BROTZEN, The Swedish Paleocene ... , p . 53.
1957. Sigmomorphina brot zeni HOFKER ; J. HOFKER, Foraminifera from the Cretaceous ... , XXnl, p. 18, text­

fig. 18-26.

Material. - About 60 specimens, some of them damaged.
Dimensions of an average specimen (in mm.):

Length of test 0 '82
Maximum width of test 0·30

Description. - Test long, strongly compressed, slender, elongated, fusiform, composed
of comp aratively' few chambers, 3-4 in number, strongly elongated, sigmoidal, three or fou r
times as long as wide. Initial end with a short, stout spine, the last being voluminous. Sutures
distinct, depressed, strongly oblique. Wall smooth. Aperture radiate, terminal.

Remarks. - According to HOFKER (1957), this species developed from Sigmomorphina
so/uta BROTZEN (1948), becoming more and more slender. Our specimens are the same as
described by HOFKER from Limburg (1957).

Distribution. - Rare in Danian at Go ra Pulawska, more common in Montian at Go ra
Pulawska, Sochaczew and Pamietowo.

Sigmomorphina pseudoregularis CUSHMAN & THOMAS, 1930

(plate XII, fig. 9)

1930. Sigmomorphina pseudoregularls CUSHMAN & THOMAS; J. A. CUSHMAN & Y . OZAWA, A Monograph .. . ,
p. 125, pl. 32, fig. 8.

1948. Sigmo morphina psendoregularis CUSHMAN & THOMAS; F. BROTZEN, The Swedish Paleocenc .. . , p . 54, text­
pl, 10, fig. 17.

Material. - 8 specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Length of test 1·40
Maximum width of test 0·90

Description. - Test large, thick, length about twice width, compressed, periphery
broadly rounded, median longitudinal ridge on both sides, chambers arranged in bilatera l
symmetry, left set has numerous chambers - up to 6, parallel to each other, oblique to mar­
gin, bending in a gentle curve backwards, while right set has only few chambers, bending
directly downward s. Both ends acute. Sutures distinct , slightly depre ssed. Aperture radiate.
Wall smooth.
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Remarks. - Our specimens are similar to those figured by CUSHMAN a nd OZAWA (1930),
as well as to those figured by BROTZEN (1948). Median longitud inal ridge is very weakly de­
veloped in Polish specimens or is even entirely lacking, while in American specimens fro m
Eocene a long, strong longitudinal ridge is very distinct an d sutures slope backwards wh ile
crossing the ridge. In Poli sh Montian they represent probably the beginning of the develop­
ment, while in American Eocene they are already fully developed.

Distri bution. - Rare in Montian at G6ra Pulawska, mo re comm on in Mo ntia n at Bo­
ryszew and Sochaczew. Common in Selandian of Sweden and in Eo cene of North America.

Sigmomorphina soluta BROTZEN, 1948

(Plate xn , figs. 7a-h)

1948. Sigmomorphina soluta BROTZEN; F . BROTZEN, The Swedish Pa leoce ne ... , p. 53, pl. 8, fig. 6-10.
1956a. Sigmomorphina soluta BROTZEN; J. HOfKER, Les Foraminiferes ... , p. 196, fig. 62.
1957. Sigmomorphina soluta BROTZEN ; F. BROTZEN & K . POZARYSKA, The Paleocene in central Polan d, p . 275.
1964. Sigmomorphina soluta BROTZEN; K . POZARYSKA, On some Foraminifera ... , p. 546, pI. I , fig. 13-19.

Material. - About 40 specimens, well preserved.
Dimensions of an average specimen (in mm .):

Length of test 0·70
Ma ximum width of test 0 ·37

Description. - Test large, compressed, elongated or rhomboidal, periphery broad ly
rounded, greatest breadth above middle , outline variable, sometimes lob ated . Chambers
sigmoidal, few in number, later biserial, slightly inflated. Sutures distinct , somewhat dep res­
sed. Wall smooth. Aperture radiate on the acute apertural end of the last fo rmed chamber.

Variation. - Described in detail by BROTZEN (1948).
Remarks. - Our specimens having few chambers could represent young stages of Sigmo­

morphina pseudoregularis CUSHMAN & THOMAS. Beginning of test does not form a stout spine,
like in the holotype described from the Selandian by BROTZEN (1948). HOFKER mentioned
(1956) the first appearance of the primitive representatives of this species as early as from
the Upper Maastrichtian of Belgium and the Nether lands.

Distribution. - Common in Danian as well as in Montian at Bochotnica, Boryszew,
G6ra Pulawska, Nasilow, Pamietowo, Sochaczew and Zyrzyn. Present in Danian at Limburg,
Tuffeau de Ciply (Mons) and in Bunde Formation, as well as in the U pper Maa strichtian
at Limburg.

Genus BULLOPORA QUENSTEDT, 1856

Bullopora sp.

(Plate XIV, fig. 9)

Material. - One specimen, damaged.
Dimensions (in mm.) :

Length of test 1'20

Maxim um width of test 0'50
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Description. - Test attached, consisting of some globular, oval , fusifo rm chambers,
arranged in a single series joined together. Wall covered by minute spines. Opening round,
projecting on the neck , asymmetrically lying just beneath the top of the last formed chamber.

Remarks. - Similar to Bullopora tuberculata (SOLLAS).
Distribution. - Our specimen was found in Upper Maastrichtian at Czerniej6w.

Genus GLANDULINA D'ORBIGNY, 1839

Glandulina laevigata (D'ORBIGNY, 1826)

(Piate XXII, fig. 7)

1826. Nodosaria ( Glandulina) laevigata D'ORBlGNY ; A. O'ORBIGNY, Tableau meth odiqu e ... , p. 252, pI. 118,
fig. E (fide ELLIS & M ESSINA, Catal. of Foraminifera).

1846. Glandulina laevigata O' O RBIGN Y; A. D' O RBIGN Y, Foraminiferes fossiles .. , pI. I , fig. 4, 5.
1959. Glandulina laevigata O'O RBIGN Y; G. DIECI , I foraminiferi ... , p. 52, pl. 4, fig. 21.

Material. - Some specimens, usually damaged at apertural end.
Dimension s of an average specimen (in mm.):

Length of test 0·67
Maximum width of test 0·35

Description. - Test fusiform, strongly tapering towards both ends, outline non lobulate,
round in transverse section, chambers few, 3-4 in number, crowded towards ba sal end. Cham ­
bers arranged in one row, except the early portion of test , the last chamber occupy 3/4 of
whole test. Sutures not very distinct, flush with sur face. Wall thin , smooth. Aperture round,
small on the top of the last formed chamber.

Variation. - Very distinctive species.
Remarks. - Our specimens do not differ from the holotype described from the Tertiary

of Vienna Basin .
Distribution. - Very rare in Danian and Montian in almost all studied quarries and

bori ngs, except Parnietowo . Common in younger Tertiary strata.

Genus RAMULINA IONES, 1875

Ramulina sp .

(Plate XIV, figs. 5-8)

Material. - 3 specimens, well preserved.
D imensions of 2 specimens (in mrn.):

1 2
Length of test 1·60 1·90
Maximum width of test 0·80 0·20

Description. - 1st specimen: Test consisting of a central, more or less globular portion,
from which extend radiate, comparatively large, stout, tubular, tapering projections. Wall
of central portion as well as of arms covered by small spines.

2nd specimen: Test consisting of irregularly elongated tubular arms, somewhat tapering
towards both end s which have rounded openings. Wall thin, finely hispid .
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Remarks. - The se few specimens belonging to Ramullna are close to those known
from Upper Cretaceous, thu s they are probably derived. Similar species are described by
BRADY (1884) from recent seas . The early stages of these peculiar forms are unknown up to
now, therefore it is very difficult to define their systematic position.

Distribution. - Common in Cretaceous. In lowermost Tertiary probably derived.

Family MILIOLlDAE D'ORBIGNY, 1839

Genus QUINQUELOCULINA D'ORBIGNY, 1826

Quinqueloculina sp.

(Plate XIV. figs. 4a-I»

Material. - A few specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of test 0 '49
Maximum width of test 0 '34

Description. - Test small, compressed, broadly elliptical, periphery broadly rounded ,
chambers inflat ed, a half coil in length , 4 in number on one side , 3 - on the other, sutures
distinct, depressed, aperture rounded with a simple tooth , at the end of the last formed
chamber. Wall smooth.

Distribution. - Thi s species occurs in Montian at Sochaczew.

Family HETEROHELICIDAE CuSHMAN, 1927

Genus CHILOGUEMBELINA LOEBLlCH & TAPPAN, 1956

Chiloguembelina wilcoxensis (CUSHMAN & PONTON, 1932)

(Pla te XXII, fig. 6)

1932. Giimbelina wilcoxensis CUSHMAN & PONTON; J. A. C USHMAN & G. M . PONTON, An Eocene .. .. p. 66. pI. 8,
fig. 16-17.

1941. Giimbelina wilcoxensis CUSHMAN & PONTON; L. D . TOULMIN. Eocene sm all er Fomminifera .. .. p. 597,
pI. 80 , fig. 24.

1957. Chiloguembelina wilcoxensis (CUSHMAN& PONTON) ; J. P. BECKMAN. Chiloguembelina ... , p , 92. pl. 21.
fig. 10-13.

Material. - Some dozen specimens, well pre served .
Dimensions of an average specimen (in mm.):

Length of test 0 '36
Maximum wid th of test 0 '26
T hickness of test 0 ·20

Description. - Test minute, compressed, rapidly tapering, acutely angular at base,
broadly rounded at apertural end , with the greatest breadth formed by last pair of chambers,
outline lobulate, chambers distinct , strongly inflated, globular, arranged in two rows , in­
creasing rapidly in size as added, 4-6 chambers in one row. Sutures distinctly depressed.
Wall thin, papillate, aperture a semicircular opening at the base of the last formed chamber.
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Remarks. - This species is somewhat similar to some Cretaceous species of Hetero­
helix. Our specimens are very simi lar to the holotype and specimens described from Trinidad
and Alabam a.

Distribution. - Common, mainly in Montian, at Bochotnica, G6ra Pulawska , Pamie­
towo and Zyrzyn. Rare in Danian at G6ra Pulawska . Known from Upper Paleocene and
Lo wer Eoce ne in Nort h America.

Family NONIONIDAE SCHULTZE, 1854

Genus PULLENIA PARKER & lONES, 1862

Pullenia americana paleocenica BROTZEN, 1948, emend. POZARYSKA, 1965

(plate XXI, figs. 4 a-b)

1948. Pullenia alT. americana CUSHMAN var. paleocenica BROTZEN ; F. BROTZEN, The Swedish Pal eoc enc ... , p. 68,
pl . 8, fig. 3 (given in heading p. 68, in plate explanation and throughout th e text as Pullenia alT. americana

CUSHMAN) (earlier synonymy included).
,

Material. - About 150 specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Longest diameter of test 0·33
Shortest diameter of test. 0·29
Maximum thickness of test 0·18

Description. - Test compressed, round, thick, planispiral, th e same on both sides,
outline circular, not lobulate or only very slightly, periphery broadly rounded, sutures dis­
tinct, flush with surface or slightly depressed. Chambers of uniform shape as added, gradually
increasing in size, somewhat more th an 5 chambers in last whorl. Apertural face large, cres­
cent, strongly overlapping the preceding chamber. Wall smooth, finely poreous, glistening.

Variation. - Insignificant. This species is highly distinctive.
Remarks. - Our specime ns do not differ from Swedish ones. In comparison with the

specimen presented by BROTZEN (1948) our specimens are less lobulate in general outline
and the ir sutures are almost flush with surface, not depressed.

Distribution. - Very common in uppermost Maastrichtian, Danian and Montian in
all studied localit ies. K nown from Swedish and Danish Upper Danian and Lower Paleocenc
(Selandian).

Genus NONION MONTFORT, 1808

Nonion graniferum (TERQUEM, 1882)

(Plate XXI, figs. 5a-b)

1882. No nionina granifera TERQUEM; O. TERQUEM, Les Forarniniferes , p, 42, pI. 2, fig. 8a-b, 9 a-b.
1939. Nonion graniferum (TERQUEM); J . A. CUSHMAN, A Monograph , p . 4, pl . 1, fig. 9-11.
1948. Nonion cf. graniferum (TERQUEM); F . BROTZEN, The Swedi sh Pal eocenc ... , p. 69, pl. 8, fig. I.
1950. No nion graniferum (TERQUEM) ; Y. LE CALVEZ, Revision .. . , p. 53, pI. 4, fig. 58, 59.
1952. No nion gra niferus (T ERQUEM) ; N. A. VOLOSINOVA& L. G . DAJN, Nonionidy ... , p . 21, pI. 1, fig. 9a-b, non

fig. 12a-b.
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Material. - Over 60 specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Longest diameter of test 0·32
Shortest diameter of test 0'27
Maximum thickness of test O'15

Description. - Test rounded, circular , compressed, umbilical region sometimes larger,
sometimes less, peripheral margin broadly rounded, lobulate, chambers distinct , slightly
inflated, 8 in number in last whorl , sutures distinct , depressed, gently curved. Umbilical region
covered with finely grained granulation, filling a part of sutures. Aperture: an elongated , nar­
row slit at the base of last formed chamber. Wall smooth, finely perforated.

Variation. - Insignificant, applies mainly to dimensions of granulated umbilical region.
Remarks. - Our specimens are quite the same as the holotype described' by TERQuEM

(fig. 8 a-b), however they differ from fig. 9 a-b, never having such spines on the inner side
of chambers.

Distribution. - Common in Danian and Montian at Sochaczew and Pamietowo. Known
from the Paleogene beds in America as well as in Europe and Asia.

Genus NONIONELLA CUSHMAN, 1926

Nonionella ovata BROTZEN, 1948

(Plate XX I, figs. 1a-c)

pars 1926. Nonionina turgida PLUMMER (not WILLIAMSON) ; H . J. PLUMMER, Foraminifera of the Midway ... , p. 159,
pI. 12, fig. 7.

1948. Nonionella ovata BROTZEN; F. BROTZEN, Th e Swedish Paleocene .. . , p. 68, pI. 10, fig. 13, 14.
1951. Nonionella sp .; J . A. CUSHMAN, Paleocene Foram inifera ... , p. 37, pI. 1I, fig. 5, 6.
1952. Nonionella ovata BROTZEN; C. W. DROOGER, Foraminifera ... , p . 94.

Material. - Over 100 specimens, most of them damaged .
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·29
Shortest diameter of test 0·19
Maximum thickness of test O'10

.
Description. - Test small, delicate, ovate in outline, non-lobulate, triangular in section,

not equally biconvex, about half as broad as long, peripheral margin acute in early portion
of test, rounded in the remainder of test. Chambers few, 5-6 in number , on the dorsal side
test closely coiled, on ventral side a very small umbilicus. The last chamber larger , extending
sharply downwards on the ventral side. Sutures indistinct, flush with surface. Wall smooth,
transparent, very thin . Aperture, a very narrow slit at the base of last formed chamber.

Variation. - Insignificant. Species very distinctive.
Remarks. - Our specimens do not differ from the holotype described from Paleocene

of Sweden. Similar to species Nonionella africana LE Rov described from Egypt, Magfi sec­
tion (LE Rov , 1953, pl. 10, fig. 9-11). This latter species only differs from Nonionella ovata
BROTZEN by having about twice as many very low chambers in the last whorl.

Distribution. - Common in Danian and Montian at Bochotnica and Gora Pulawska ,
rare in Pamietowo and Zyrzyn. This species occurs rarely in the Paleocene at Klagshamn
(Sweden) and in Denmark. Known as rare in Paleocene of Texas and in Midway Formation.
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Nonionella troostae troostae BOFKER, 1962

(Plate XXI, fig. 7a-b)
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1962. No nio nella troostae troostae HOFKER ; J. HOFKER, Foraminifera from the Cretaceous ... , LIX , p. 35, pI. 59,
text -fig. 4, 5.

M aterial. - 50 specimens, about half of them with last chambers damaged.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·70
Shortest diameter of test 0·40
Thickness of test 0'27

Description. - Test plan ispiral , elongated , somewha t asymmetri cally coiled, ovate in
outline, no n-lobu late , twice as long as broad, compressed , peripheral margin rounded . Cham­
bers distinct , low, elongated, rapidly increasing in size as added, overlapping, the lat est chambers
very strongly elongated , 11 in number, sutures distinct, gently cur ved, flush with surface, not
meet ing in the middle. Central pa rt covered by conspicuous granulations which follow sutures
as well as spaces between sutures for a short distance. Apertural face very elongated, with nearly
parallel sides. Aper ture: a narrow marginal slit at the base of the last formed chamber. Wall
thin, delicate, finely poreous .

Variation. - Insignificant, mainly in ratio length/width. Described in detail by HOFKER

(1962).
Remarks. - Our specimens are very close to the holotype described from the Upper

Maastrichtian (Mb) in the Netherlands. Ours ho wever have some granulation not only in the
centre of test , bu t also some short ribs on the spaces between sutures just near the center. This
species has some similarity to Nonionella eretaeea CUSHMAN. BOFKER stud ied the similarities
and determined the line of development leading from Upper Cretaceous Nonionella troostae
ornamentata, N. troostae troostae, through N. troostae nodosa and N. eretaeea Rsuss (not
CUSHMAN), right up to N . soldadoensis - present in Montian and Thanetian.

Distribution. - In uppermost Maastrichtian, Danian and Montian in all stud ied sam­
ples, except those from the Zyrzyn boring. Recorded by HOFKER (1962) from Upper Ma­
astrichtian, Danian and Montian in the Netherlands and Belgium, where it is more rare.

Family CYM BALOPORIDAE CUSHMAN, 1927

Genus CYM BALOP ORA HAGENOW, 1851

Cymbalopora sp .

(Plate XIV, figs. 3a-c)

1948. Cy mbalopora sp.: F . BROTZEN, The Swedi sh Paleoccnc ..., p. 91, pl, IS, fig. la-b.

Material. - 14 specimens, some of them damaged.
Dimension s of an average specimen (in mm.):

Longest diameter of test 1·60
Shortest diameter of test 1'45
Height of test 0·70
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Description. - Test large, plano-convex, outline irregularly circular, peripheral margin
angulate, sharply keeled, ventral side concave, dor sal side strongly convex. Over 3 whorls
on dorsal side which is rough , coarsely perforated . Chambers not visible. On ventral side about
10 irregular depressions or tubes running from the periphery into the umbilicus, which is
rather large, deep, elongated , joined with a peripheral .depression. Keel large, thin , transparent,
always more or less damaged.

Remarks. - These specimens resemble Cymbalopora radiata v. HAGENOW from the
Cretaceous. Most of specimens are damaged . Probably derived.

Distribution. - Rare in Upper Maastrichtian at Pamietowo and Sochaczew; rare in
Montian at G6ra Pulawska, Pamietowo and Sochaczew.

Family BULIMINIDAE JONES, 1876

Genus BULIMINELLA CUSHMAN, 1911

Buliminella parvula BROTZEN, 1948

(Plate XV, fig. 3)

1948. Buliminella parvula BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p. 57, pI. 10, fig. 3, 4.
?1956 a. Praebulimina parvula (BROTZEN) ; J. HOFKER, Les Foraminiferes .. . , p. 196, fig. 66.
1957. Buliminella parvula BROTZEN; F . BROTZEN& K . POZARYSKA, The Paleocene in central Poland, p. 274.

?1960. Praebulimina parvula (BROTZEN); J. HOFKER, Foraminifera from the Cretaceous ... , XLVII, p, 15, pI. 47,
text-fig. I a-c.

Material. - Some specimens, well preserved.
Dimensions of 2 average specimens (in mm.):

1 2
Length of test 0·36 0·45
Maximum width of test 0·30 0·38

Description. - Test very small, about as long as broad, tapering rapidly, chambers
inflated, arranged in three or four whorls, four in number in each whorl. The last whorl in­
creasing rapidly in size, forming 4/5 of the test. Sutures distinct , depressed. Wall smooth.
Aperture loop-shaped, at the base of the last formed chamber.

Variation. - Th is species varies in the proportion of length/breadth.
Remarks. - Our specimens have a shorter earlier portion of test in comparison with

the holotype. HOFKER (1956) mentioned the appearance of Praebulimina parvula (BROTZEN)
as early as in the Upper Maastrichtian of Limburg , where this species could represent the
most primitive stages of its development. Specimens from Danian stage not known, therefore
it is rather difficult to identify Paleocene and Maastrichtian forms.

Distribution. - Very rare in the Montian at Sochaczew and Boryszew. Known from
Sweden and the Netherlands.

Genus LOXOSTOMUM EHRENBERG, 1854, emend. HOWE, 1930

Loxostomum applinae (PLUMMER, 1926)

(plate X V, fig. 6a-b )

1926. Bolivina applini PLUMMER; H. J. PLUMMER, Foraminifera of the Mid way ... , p. 69, pI. 4, fig. 1.
1930. L oxostomum applin ae (PLUMMER); w. L. F. N urrALL, Eocene Foraminifera ... , -p , 285, pl . 24, fig. 4, 5.

?1948. Loxo stoma applinae (PLUMMER); F . BROTZEN, Th e Swedish Paleocene .. . , p. 66, pl . 10, fig. 11.
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1951. Loxostomum applinae (PLUMMER) NUITALL ; J. A . CUSHMAN, Paleocene Foraminifera ... , p. 43, pl. 12, fig. 18
. (earlier synonymy included).

non 1953. Loxostomum applinae (PLUMMER) ; L. W. LE Rov, Biostr atigraphy ... , p.37, pI. 8, fig. l.
1955. Loxostomaapplinae (PLUMMER); J. CUVILLIER & F. DALBIEZ, Etudes micropaleontol ogiques ... , text-fig . 14a-b.

non 1956. Loxostomum applinae (PLUMMER) ; A. F. M. HAQUE MOHSENUL, The Foraminifera ... , p. 134, pI. 15, fig. 24-25.
non 1959. Loxost011l1l111 applinae (PLUMMER) ; S. E . N AKKADY, Biostratigraphy ... , p. 459, pI. 2, fig. la-b.

1962. Loxostomum applinae (PLUMMER) ; M. E. SCHMID, Die Foraminiferenfauna ... , p . 334, pI. 3, fig. 7.

Material. - About 40 specimens , often damaged.
Dimensions of an average specimen (in mm .) :

Length of test 0'5 8
Ma ximum width of test 0'20

Description. - Test very elongated, slender, somewhat compressed, gradually tapering.
Both ends of test and margins rounded. Ratio of length to width 5 : 1. Earlier portion of test
distinctly biserial, remainder of test tending slightly to become somewhat uniserial, sides of
adult portion nearly parallel. Chambers numerous, distinct, increasing rather regularly in
size as added, sutures distinct, in early portion somewhat limbate, later depressed and ere­
nulate, very slightly oblique. Wall smooth. Aperture: an elongated, oval opening, extending
from near the apex downwards on the inner part of the last formed chamber.

Variation. - Sutural crenulation varies, being more distinct, less distinct or even in­
distinct.

Remarks. - This species is characteristic for the Pa1eocene of America as well as of
Europe. Described also from Pakistan by HAQUE (1956, p. 135, pI. 15, fig. 24-25), but here
it is ornamented with longitudinal costae , never present in a true Loxostomum applinae (PLUM­
MER). It is therefore rather varietas L. aegyptiaea NAKKADY (1950) and the arrangement of
chambers tends very soon to be uniserial. Swedish specimens have not so distinct sutural
crenulation as Polish specimens. The same is the case with Loxostomum applinae (PLUMMER)
described by LE Rov (1953, pI. 8, fig. 1), where the author himself refers this form to L. ap­
plinae (PLUMMER) var. aegyptiaea NAKKADY (1950). To th e same varietas one should include
the specimen figured by NAKKADY in 1959 (pI. 2, fig. 1) and a BROTZEN's Loxostoma applinae
(1948), which is very far from a typical L. applinae.

Distribution. - Rare in Montian at Bochotnica, Gora Pulawska , Magnuszew, Nasi­
low, Pamietowo, Sochaczew and Zyrzyn. More common in Magnuszew. Present in Paleocene
of America, as well as in Paleocene of Mediterranean Region. Not known from the Danian,
except Austria (SCHMID, 1962, pI. 3, fig. 7), where strata under discussion seem to be rather of
Paleocene, not of Danian age.

Loxostomum deadericki CUSHMAN, 1947

(Plate XV, fig. 12)

1947. Loxostomum deadericki CUSHMAN; J. A. CUSHMAN, Some new Foraminifera , p. 85, pI. 18, fig. 8-10.
1951. Loxostomum deaderick i CUSHMAN; J. A. CUSHMAN, Paleocene Foraminifera , p . 44, pI. 12, fig. 21-23 .

Material. - About 60 specimens , well preserved.
Dimensions of an average specimen (in mm.):

Length of test 0·45
Maximum width of test 0 ·14

Pala eon to logia Polon ica No. 14 7
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Description. - Test minute, elongated, slender, early portion biserial, somewhat twisted ,
the remainder of test uniserial. Chambers distinct, slightly inflated , increasing very gradually
in size as added. Sutures distinct , slightly depressed , earlier ones straight, last formed gently
curved. Wall smooth. Aperture a narrow slit.

Remarks. - Our specimens do not differ from American ones.
Distribution. - Rare in Danian, at Sochaczew only; common in Montian at Bochotnica,

G6ra Pula wska, Nasilow and Sochaczew. Common in Paleocene of America.

Genus BULIMINA D'ORBIGNY, 1826

Bulimina ovata D'ORBIGNY, 1846

(Plate XV, fig. 10)

1846. Bulimina ovata O'ORB IG NY; A. O'ORB1GNY, Foraminiferes fossiles ... , p. 185, pl , 11, fig. 13, 14.
1932. Bulimina ova/a O'ORBlGNY ; J. A. CUSHMAN& G. M. PONTON, An Eocene , p. 67, pl. 9, fig. 1, 2.
1941. Bulimina ovata O'ORBIGNY ; L. D . TOULMIN, Eocene smaller Foraminifera , p . 597, pl , 80, fig. 25, 26.
1948. Bulimina aff. ova/a O'ORBlGNY; F. BROTZEN, The Swedish Paleocene ... , p . 59, pI. 10, fig. 9, 10.
1952. Bulimina ova/a D'ORB1GNY; C. W. DROOGER, Foraminifera c... p. 95.
1953. Bulimina ova/a O'ORBlGNY; N. K. BYKOVA, Foraminifery ... , p . 68, pI. 2, fig. 4-6.
1953. Bulimin a ova/a O'ORBIGNY ; N. N. SUBBOTINA, Verchne-eocenovye lagenidy ... , p. 210, pI. 9, fig. 15, 16.
1954. Praeglobulimina ova/a (D'ORBIGNY) ; J. HAYNES, Tax onomic position ... , p. 190, text-fig. 9-12, 17-19.

Material. - About 200 specimens, often damaged.
Dimensions of an average specimen (in mm.) :

Length of test 0·66
Maximum width of test 0·38

Description. - Test elongated, ovate to fusiform in outline, acute at initial end, broadly
rounded at apertural end, tapering gently towards each end, almost circular in transverse
section, greatest width above middle. Chambers distinct, slightly elongated, somewhat inflated.
Sutures distinct, slightly depressed. Wall smooth. Aperture, a narrow slit on inner side of
Jast chamber.

Variation. - In length/width proportion, which is rather large.
Remarks. - None of our specimens are so slender as the holotype, the size of chambers

increasing more rapidly than in all American specimens.
Distribution. - Common in Danian and in Montian in all studied localities. Known

from Upper Maastrichtian up to Upper Eocene in Europe, as well as in America .

Bulimina paleocenica BROTZEN, 1948

(Plate XV, fig. 4)

1948. Bulimina ( Reussella) paleo cenica BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p. 61, pI. 6, fig. 5, 6.
1953. Bulimina paleocenica BROTZEN ; N. K. BYKOVA, Fo raminifery ... , p. 70, pl , 2, fig. 7, text-fig. 3, 4.
1960. Bulimina ( Reussella) paleocenica BROTZEN; J. HOFKER, Foraminifera ... , p. 17, pI. 47.
1963. Reussella paleocen ica (BROTZEN) ; O. K. KAPTARENKO-L:ERNOUSOVA et al. , Atla s ... , p. 165, pl. 30, fig. 1.

Material. - About 80 specimens, well preserved.
Dimensions of an average specimen (in mm.):

Length of test 0·38
Max imum width of test 0'16
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Description. - Test elongated, triangular in transverse section, slowly increasing in
breadth. Acute at initial end, broadly rounded at apertural end. Angles rounded, sides slightly
concave, chambers numerous, as high as long, of uniform shape throughout test. Sutures
distinct, slightly depressed. Wall smooth. Aperture comma-shaped at the base of last formed
chamber.

Variation. - Described by BROTZEN (1948) as well as its affinities with other species.
Remarks. - Our specimens do not differ from those of Sweden.
Distribution. - Not common in Danian and Montian at Boryszew, Gora Pulawska,

Sochaczew and Zyrzyn. This species occurs in the uppermost Danian and Lower Paleocene
in Denmark and Sweden, the Netherlands, and in the south regions of Russian Platform.

Genus PYRAMIDINA BROTZEN, 1940

Pyramidina crassa BROTZEN, 1948

(Plate XV, figs. Sa-c)

1948. Pyramidina crassa BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p. 63, pI. 6, fig. 8.
1961. Pyramidina crassa BROTZEN ; G. E. AIzENSTADT& I. A. PINCUK, Opornye skvaziny ... , p. 215 .

Material. - 25 specimens, well preserved.
Dimensions of an average specimen (in mm .):

Length of test 0·41
Maximum width of test 0·18

Description. - Test tapering, twice as long as broad, greatest breadth towards the aper­
tural end, initial end angular, blunt, triangular in the transverse section, peripheral margins
broadly rounded. Sides slightly depressed. Chambers numerous, 5-6 in each row, rapidly
increasing in size as added, gently inflated. Sutures distinct, strongly curved, lobate, slightly
depressed. Wall smooth. Aperture terminal.

Variation. - Applies to sides which can be flat or depressed, and to general outline of
test, more or less slender.

Remarks. - Its close relation with Pyramidina curvisuturata BROTZEN from the Danian
was noted by BROTZEN himself (1948). Our specimens do not differ from the holotype.

Distribution. - Not very common in Danian at Sochaczew and Zyrzyn, more common
in Montian at Bochotnica, Gora Pulawska, Magnuszew, Nasilow, Pamietowo, Sochaczew
and Zyrzyn , Known from Sweden and south regions of U. S. S. R. Present in Austria.

Genus ANGULOGERINA CUSHMAN, 1927

Angulogerina cuneata BROTZEN, 1948

(plate XV, figs. 7a-c)

1948. Angulogerina cuneata BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p. 64, pl , 6, fig. 10.
1957. Angulogerina cuneata BROTZEN ; F . BROTZEN& K . POZARYSKA, The Paleocene in central Poland, p. 274 .

Material. - Over 200 hundred specimens, well preserved.
Dimensions of an average specimen (in mm.): .

Length of test 0·40
Maximum width of test 0 '18

7*
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, Description. - Test tapering, twisted or warped, about twice as long as broad , greatest
breadth towards apertural end , initial end angular, apertural end broadly rounded, triangular
intransverse section, peripheral margins truncated with double keels on early portion of test.
Chambers broad, inflated , rapidly increasing in size as added. Sutures distinct, slightly depressed,
lobate. Wall smooth. Aperture terminal.

Variation. - Considerable, studied by BROTZEN (1948).
Remarks. - Relations with Pyramidina crassa BROTZEN on th e on e hand, and with

Angulogerina (Uvigerina) cristata (MARSSON) and A. wllcoxensis CUSHMAN & PONTON on the
other hand, have been discus sed by BROTZEN (1948).

Distribution. - Common in Danian as well as in Montian at Bochotnica, Gora Pulawska,
Boryszew, Parnie towo, Soch aczcw and Zyrzyn. This species occurs rarel y in Lo wer Paleocene
of Sweden.

Family BOLIVINITIDAE C USHMAN, 1927
(nom. transl. N . BYKOVA, 1959, ex BOLIVINITINAE CUSHMAN, 1927)

Genus BOLIVINOIDES CUSHMAN, ]926

Bolivinoides polonica POZARYSKA, 1954

(Plate XIV, fig. 2)

1954. Ballvinoides polonica POZARYSKA; K . POZARYSKA, 0 przewodnich otwornicach , p. 63, text-fig. 1.
1956. Bolivinoides polonica POZARYSKA; J . HOFK ER, Foraminifera fro m the Cretaceous , XV, p. 28, pI. 2.
1959. Bolivinoides polonica POZARYSKA; J . HOFKER, Les Foraminiferes ... , p . 8.

Material. - About 100 specimens, often damaged.
Dimensions of an average specimen (in mm .):

Length of test 0·22
Maximum width of test 0'18

Description. - Test flattened , outline rhomboid al, elongat ed downwards. Margins
rounded. Ratio of length to width I: 2. Upper margin of test rounded and thickened, thick­
ening extending downwards in six to eight short rid ges, with deep gro oves between. Median
and lower parts of test usually lack ornam entation ; surface however is ra ther uneven and rough,
with irregular shallow indentations or even some isolated, irre gula r knobs. Minute isolated
tubercles sometimes pre sent on extended r idges, disappearing in lower part of test. Sutures
between chambers completely invisible. Ornamentation on both sides of test uniform. Prolo­
culum indistinguishable or very slightly inflated . Aperture somewhat elongated, on upper end
of test , at the base of last septal face.

Variation. - There is a great range of var iation in this species, applying mainly to
irregular ornamentation.

Distribution. - Rare in Danian as well as in Montian at Bochotnica, G6ra Pulawska
and Sochaczew. Found in Upper M aa strichtian (Md) and in D ani an (Me) in Limburg and
in Cotentin Peninsula (HOFKER, 1959).
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Bolivinoides vistulae POZARYSKA, 1954

(Pla te X l V, fig. I)

1954. Bolivinoides vistulae POZARYSKA; K. POZARYSKA, 0 przewodnich o tworn icach ... , p. 64, text-fig. 2.

Material. - About 2000 specimens, half of them damaged.
Dimension s of an average specimen (in mm.):

Len gth of test 0·23
Maximum wid th of test 0·18
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Description. - Test flattened , outline rhomboidal , with lower end elongated , kit e-shaped
Margins acute. Ratio of length to width 2: 3. Upper margin of test somewhat broadly ro unded ,
thickened. Sutures between chambers invisible. Proloculum large, distinctly ou tlined . Surface
of test ornamented, the sculpture consisting of protuberant knobs, which are arranged long itu ­
dinally in four ro ws, number of rows decreasing to three or even two in lower portion of test.
The knobs oval in outline, elon gat ed, parallel to length of test. Their size diminishing down­
wards. Aperture some what elongated, on upper end of test, at base of last septal face. Wall
glistening, porcellaneous.

Variation. - Between the two central rows of tubercles sometimes an elongated , narrow
depression not considerable, forming a little furrow. Some specimens are more elongated , slender,
some shorter, more rhomboidal. Often they are somewhat warped at the earlier portion of test.
Rarely are the tubercles on the initial part of test lacking.

Remarks. - Thi s species resembles somewhat Bolivinoides peterssoni BRoTzEN, from
which it differs in having more strongly developed knobs and completely invisible sutu res
between chambers.

Distribution. - Very common in Danian at G6ra Pulawska and Zyrz yn, less common in
Montian at Bochotnica, G6ra Pulawska and Soch aczew. Very rare in the Maastricht ian at
Zyrzyn.

Genu s BOLIVINITA CUSHMAN, 1927

Bolivinita oedumi (BROTZEN, 1948)

(Pla te XV, fig. 13)

1948. Bolivina odumi BROTZEN; F . BROTZEN, The Swedish Paleocen e ... , p. 65, pl . 9, fig. 3-4.

Material. - Some specimens, well pre served.
Dim ension s of an average specimen (in mm.):

Length of test O'34
Maximu m wid th of tes t 0·18

Description. - Test minute, elongated, slowly tap ering to the initial end which is broadly
rounded, sides flat, periphery slightly lobate, acute, greatest width formed by two last chambers.
Chambers distinct, compressed, arranged biserially, increasing gradually in size as added,
numerous, up to 13 in number. Sutures distinct, slightly depressed, stra ight or gentl y cur ved.
Wall smoo th.

Variation. - Not known due to scarcity of material.
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Remarks. - Our specimens seem to be very similar to those described by BROTZEN (1948).
Distribution. - Very rare in Danian at Pamietowo boring, and in Montian in Pamietowo

and Zyrzyn. Described from Lower Paleocene in Sweden.

Genus TAPPANINA MONTANARO-GALLITELLI, 1955

Tappanina selmensis (CUSHMAN, 1933)

(plate XV, fig. 9)

1933. Bolivinita selmensis CUSHMAN; J. A. CUSHMAN. New American Cretaceous ... • p. 58. pI. 7. fig. 3, 4.
1948. Bolivinita selmensis CUSHMAN; F. BROTZEN, The Swedish Paleocene ... . p. 56, pl, 9, fig. 7, text-fig. 16.
1957. Tappanina selmensis (CUSHMAN); E. MONTANARO-GALLITELLI, A revision , p, 147. pl, 33. fig. 21 a-b,
1962. Tappanina selmensis (CUSHMAN) ; M. E. SCHMID. Die Foraminiferenfauna p. 334. pl , 6, fig. 10.

Material. - About 50 specimens, well preserved.
Dimensions of an average specimen (in mm .):

Length of test 0·75
Maximum width of test 0·31

Description. - Test minute, elongated, rhomboidal or rectangular in transverse section,
gently tapering to an subacute initial end, sides flattened, distinctly concave, periphery
comparatively thick, truncated, slightly convex, lobate. Apertural margin of test rounded, thick­
ened and strongly convex. Chambers numerous, distinct, gradually increasing in size as added.
Sutures distinct, limbate, strongly raised, in the adult each chamber has a sharp angle, which
may be developed into a strongly raised costa-like ridge. Wall smooth, aperture narrow at
the inner margin of last formed chamber.

Variation. - Studied in detail by BROTZEN (1948). There is a great range of variation
10 this species.

Remarks. - Our specimens do not differ from the Swedish ones.
Distribution. - Common in Danian and in Montian at G6ra Pulawska, Pamietowo,

Sochaczew and Zyrzyn, Described by CUSHMAN (1933) from Upper Cretaceous of America.
Common in Swedish Maastrichtian-Paleocene beds , as well as in Danish Paleocene. Present
in Danian (?) of Austria .

Genus BOLIVINITELLA MARlE, 1941

Bolivinitella eleyi (CUSHMAN, 1927)

(Plate XV, fig. 2)

1927. Bolivinita eleyi CUSHMAN ; J. A. CUSHMAN. American Upper Cretaceous species of Bolivina, p. 91. pl, 12,
fig. 11a-b.

1941. Bolivinitella Eleyi (CUSHMAN) forma typica MARIE; P. MARIE, Les Foraminiferes .... p. 190, pl, 29, fig. 282d-c.
1957. Bolivinitella eleyi (CUSHMAN) ; E. MONTANARO-GALLITELLI. A revision ..., p, 150. pl. 34. fig. 14-17.
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Material. - A dozen or so specimens.
Dimensions' of an average specimen (in mm.):

Length of test 0·31
Maximum width of test 0·14
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Description. - Test minute, elongated, compressed, somewhat rhomboidal, tapering to
the initial end, biserial throughout, rectangular in section , sides flat, periphery truncated,
keeled (2 keels) somewhat concave, greatest width formed by two last chambers. Chambers
distinct , reniform, increasing gradually in size as added , arranged biserially with a -tendency
to become uniserial, overlapping, numerous, up to 15 in number. Sutures very distinct, lim­
bate , strongly raised , straight in the early portion, curved in the remainder of test , becoming
sickled. Wall smooth, except for sutures. Aperture terminal, linear or elliptical.

Remarks. - Very close to the specimens described by MARIE (1941) from the Cretaceous
of Paris Basin. Similar to Bolivinita planata CUSHMAN (1927) from the Navarro formation
of Texas, and Maastrichtian of Mangyszlak peninsula CVASILENKO, 1961). It seems that this
latter species is the same as Bolivinitella eleyi CUSHMAN. This species has been discussed in
detail by MONTANARO-GALLITELLI (1957)."

Distribution. - Rare in Danian at G6ra Pulawska and Sochaczew; very rare in Mon­
tian. Probably reworked from the Maastrichtian. Known from Cretaceous of America and
Paris Basin.

Genus BOLIVINA D'ORBIGNY, 1839

Bolivina subincrassata CHALILOV, 1956

(Plate XV, figs. 11a-b)

1956. Bolivina subincrassata CHALILOV; D. M. CHALILOV, Novye vidy ... , p, 181 , pI. I, fig. 1.

Material. - Some dozens specimens, well preserved.
Dimensions of an average specimen (in mm.) : "

Length of test 1·20
Maximum width of test 0·33
Thickness of test 0·22

Description. - Test strong, elongated, peripheral margins nearly parallel, broadly rounded
as well as the initial aperture ends, slightly tapering towards the apertural end, oval in trans­
verse section, outline not lobulate. Chambers numerous, up to 10 in one row, biserially ar­
ranged, proloculus large, circular, chambers not inflated, rectangular or even trapezoidal in
shape, of uniform shape, gradually increasing in size as added. Sutures distinct, straight, flush
with surface , obliquely meeting the periphery, at right angles to each other. Wall smooth.
Aperture, a distinct slit extending from the suture towards the top of last formed chamber.

Remarks. - This species differs from Bolivina incrassata in having quite straight sutures,
parallel margins, from Bolivina tegulata HOFKER - in not having lobular margins, or crescent
shaped chambers, from B. basbeckensis HOFKER - in having not inflated chambers. Our speci­
mens are most similar to B. subincrassata CHALILOV (1956).

Distribution. - Common in Danian and Montian in all studied localities , excluding
Bochotnica, described as common from Danian and Paleocene of Azerbajdzan (D. S. S. R.).
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Family DISCORBIDAE CUSHMAN, 1927
(nom. transl. GLAESSNER, 1945, ex DISCORBISINAE CUSHMAN, 1927)

Genus DISCORBIS LAMARCK, 1804

Discorbis limbata (TERQUEM, 1882)

(Plate XVII, figs. 1a-c)

1882. Rotalina /imbata TERQUEM ; O. TERQUEM, Les Foraminlferes ... , p, 80, pI. 8, fig. 6a-c.
1949. Discorbis /imbata (TERQUEM) ; Y. LE CALVEZ, Revision des Forarniniferes ... , p . 19, pl . 2, fig. 30-32.

Material. - A few specimens, damaged.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·43
Shortest diameter of test 0·36
Height of test 0·05

Description. - Test plano-convex, very strongly compressed, nearly flat on both sides,
peripheral margin acute, keeled, slightly lobate. Ventral 'side quite flat, chambers distinct,
very slightly inflated, up to 5 in last whorl, increasing rapidly in size as added. The last cham­
ber very large, covering the earlier whorls. Sutures sickled, depressed. The dorsal side slightly
convex, 8 chambers visible, the last ones elongated, nearly crescent. Sutures limbate, gently
curved. Wall smooth, the edge with a keel which is a prolongation of sutures; wall very finely
perforated on both sides. Aperture, an elongated slit, sometimes crescent at the base of last
formed chamber, on the ventral side.

Variation. - Not known because of the scarcity of material.
Remarks. - Our specimens differ from the holotype , described from the Eocene of

Paris Basin, only in general shape of the test, being flatter on dorsal side.
Distribution. - Very rare in Montian at Boryszew only. Known from the Eocene, upper

part of »Calcaire grossier« in Paris Basin.

Discorbis ubiqua LE CALVEZ, 1949

(Plate XXII, figs. 4a-c)

pars 1882. Rota/ina turbinata TERQUEM ; O. TERQUEM, Les Foraminiferes ... , p. 75, non pI. 7, fig. Sa-b.
1949. Discorbis ubiqua nom. nov. ; Y. LE CALVEZ, Revision des Foraminiferes ... , p . 23, pI. 2, fig. 27-29 .

Material. - Few specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Longest diameter of test 0·30
Shortest diameter of test 0·24
Height of test 0'11

Description. - Test plano-convex, outline nearly circular, moderately compressed, ven­
tral side even gently concave, dorsal side slightly convex, peripheral margin broadly rounded.
Chambers distinct , gradually increasing in size as added , up to 5-6 in last whorl. Sutures dis­
tinct , limbate on dorsal side, curved and slightly depressed, non-limbate on ventral side and
deeply depressed. Umbilical depression large, covered by an umbilical plate. Wall smooth
on ventral side, coarsely perforated on dorsal side. Aperture ventral quite near the umbilicus,
loop-shaped , with a very narrow lip.
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Variation. - Not known, due to the scarcity of material.
Remarks. - Our specimens differ from the French ones in having more chambers in the

last whorl , up to 6, instead of only 4, and are not so high on the dorsal side. Specimen figured
by LE CALVEZ (1949, pl , 2, fig. 29) shows the umbilicus quite open (probably damaged), while
some of our specimens have a regular umbilical plate, entirely covering th e umbilicus.

Distribution. - Rare in the Montian at Sochaczew. This species was described and
revised by LE CALVEZ (1949) from the Middle Eocene of Paris Basin. Not kno wn from the
Montian there. .

Genus ROSALINA D'ORBIGNY, 1826

Rosalina crenulata HOFKER, 1962

(Plate XVI, figs. 2a-c)

1962. Rosalina crenulata HOFKER; J. HOFKER, Foraminifera from the Cre taceous ... , LVII, p . I I , text-fig. 5a-c.

Material. - Few specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·33
Shortest diameter of test 0·29
Height of test O' I4

Description. - Test small , elliptical, dorsal side convex, ventral side flat or even slightly
concave. Peripheral margin subacute. At the dorsal side chambers are low, stro ngly elongated,
crescent, and sutures strongly curved, flush with the surface. Chambers on ventral side slightly
inflated, sutures distinct, depressed, leaving a small umbilical hollow free, filled with small
tubercles which sometimes can be found on the sutures too. Last formed chamber with distinct
tooth in the central part. Wall smooth. Fine pores on the ventral side.

Variation. - Only in the crenulation of sutures which is often absent in Polish speci­
mens.

Remarks. - Our specimens differ from the holotype described from the Limburg in the
character of sutures on dorsal side which are smooth, not crenulated.

Distribution. - Rare in Danian as well as in Montian at Bochotnica, Gora Pulawska,
Pamietowo, Sochaczew and Zyrzyn. Rare in Danian, HOFKER'S Lower Paleocene, at Limburg,

Genus CONORBINA BROTZEN, 1936

Conorbina? sp. or Neoconorbina sp.

(plate XVI, figs. 4a- c)

1951. Patellinoides ? sp.; J . A. CUSHMAN, Paleocene Foraminifera ... , p. 48, pI. 13, fig. 19.

Material. - Some specimens, well preserved .
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·38
Shortest diameter of test 0 '36
Height of test 0·20

Description. - Test conical, rather high, outline circular or somewhat oval, very slightly
lobulate. Do rsal side strongly convex , ventral side slightly concave. Ne arly 2 whorl s visible
on dorsal side. Individual chambers indistinct, gently inflated on ventral side, while on dorsal
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side chambers distinctly, rhomboidal, the last tending to be crescent. Sutures strongly obli ue,
curved, distinctly raised on dorsal side, not visible on ventral. Aperture, a large irregular
cavity, partly covered by a rectangular plate-like lip, ragged in outline. Wall smooth, glistening
on ventral side.

Remarks. - A very similar species is noted from the Montian of Limburg and Paris
Basin by P. MARIE (oral information) and a single specimen from the Paleocene of North
America (Naheola), not identified by CUSHMAN (1951). Few specimens found in Polish Mon­
tian are referred tent atively to the genus Conorbina. Similar to Conorbina conula BROTZEN
described from Swedish Upper Danian (BROTZEN, 1940), differing from our specimen in having
nearly twice more whorl s on dorsal side.

Distribution. - Very rate in Montian at G6ra Pulawska and Pamietowo.

Genus VALVULINERIA CUSHMAN, 1926

Valvulineria ravni BROTZEN, 1948

(Plate XVIII, figs. 2a- c)

1948. Valvulineria ravni BROTZEN; F . BROTZEN, The Swedish Paleocene ... , p. 74, pl, 9, fig. 13.
1963. Valvulineria ravni BROTZEN ; J. HOFKER, Foraminifera from the Cretaceous ... , LXIII, p. 6, text-fig. I.

Material. - Few specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·43
Shortest diameter of test 0·40
Height of test O'17

Description. - Test nearly biconvex, ventral side more convex, periphery broadly
rounded, distinctly lobate, especially in the last portion of coiling. Centre of dorsal side de­
pressed. 21/ 2 spires on dor sal side. 9-10 chambers in last whorl. Chambers inflated, sutures
radiating, distinctly depressed. Umbilical depression covered by a small lip. Wall smooth,
very finely perforated. Aperture, a narrow slit extending from the peripheral margin up to
the umbilicus at the base of the last formed chamber.

Variation. - Together with discussion and similarity to other species, given by BRO-
TZEN (1948) and HOFKER (1963). .

Remarks. - Our specimens are quite the same as those described by BROTZEN (1948)
from the Swedish Paleocene.

Distribution. - Rare in Montian at Sochaczew and Boryszew. Known from the Swedish
and Danish Paleocene where is rarely too , and in Curfs quarry (Limburg),

Genus GLOBOROTALITES BROTZEN, 1942

Globorotalites cf. lobata BROTZEN, 1948

(Plate XVII, figs. 3a-c)

1948. Globorotalites lobata BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p. 91, pI. 17, fig. 3.

Material. - A few specimens, partly damaged.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·44
Shor test diameter of test 0·36
Thickness of test 0'14
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Description. - Test small, conical, outline circular or slightly oval, strongly lobulate,
korsal side flat or slightly convex, ventral side convex. Peripheral margin sharply angulate,
deeled. Chambers flat, crescent on dorsal side, 6 in number in last whorl, while on ventral
side chambers are triangular, strongly inflated. Umbilicus missing. Sutures distinct, oblique,
strongly curved, limbate on dorsal side, radial, slightly curved, depressed on ventral side.
Keel narrow, formed by raised sutures on dorsal side extending along the periphery. Aperture,
an elongated slit under a narrow lip, extending on ventral side from the periphery up to the
middle of test. Wall smooth.

Variation. - Not known due to scarcity of material.
Remarks. - Our specimens do not differ significantly from the holotype, having more

chambers in the last whorl (6 instead of 4), and having a less convex ventral side.
Distribution. - Very rare in Montian at Boryszew and Sochaczew.

Genus GYROIDINOIDES BROTZEN, 1942

Gyroidinoides octocamerata CUSHMAN & HANNA, 1927

(plate XVIII, figs. 3a-c , Sa-c)

1927. Gyroidina so/danii O'ORBIGNY subsp. octocamerata CUSHMAN & HANNA ; J. A. CUSHMAN& G. D. HANNA,
Foraminifera from the Eocene near Coalinge, p. 223 , pI. 14, fig. 16-18.

pars 1941. Gyroidina soldanii O'ORBIGNY var. octocamerata CUSHMAN & HANNA ; L. TOULMIN, Eocene sma ller For­
aminifera ... , p. 600, pI. 81, fig. 3-5 (earlier synonymy included).

1948. Gyroidinoides soldanii (O'ORBIGNY) var. octocamerata (CUSHMAN & H ANNA) ; F . BROTZEN, The Swedish
Paleocene ... , p . 76, pl . 11, fig. 3.

1953. Gyroidina octocamerata CuSHMAN& HANNA; E. V. MJATUUK, Spirillinidy ... , p . 60, pl, 4, fig. 7-8.
1956a. Gyroidinoides octocamerata CUSHMAN& HANNA ; J. HOFKER, Les Foraminiferes ... , p . 197B.

?1961. Gyroidina soldanii ORBIGNY ; A. V. FURSENKO& R. B. FURSENKO, Foraminifery verchnego eocena ... ,
p. 278 , pl . 4, fig. 4.

Material. - Some dozen of specimens, well preserved.
Dimensions of 2 specimens (in mm.):

1 2
Longest diameter of test 0·31 0 '64
Shortest diameter of test 0·26 0'52
Height of test 0'19 0,40

Description. - Test small, dorsal side flattened, almost flat, ventral side very convex,
subcircular in outline, slightly lobate, periphery angled. Nearly 2 whorls can be identified
on dorsal side. Chambers distinct , inflated, 8 in last whorl , increasing regularly in size as
added; sutures distinct , straight on ventral side, somewhat oblique, sometimes gently curved
on dorsal side, slightly depressed, especially in later portion of test. Umbilical region strongly
depressed. Wall smooth, very finely perforated. Aperture, a low opening at base of the last
formed chamber, extending from the periphery to the umbilical part on the ventral side,
sometimes covered by a flattened lip extending over the umbilicu s.

Variation. - Applies to sutures which sometimes are more strongly depressed, some­
times almost not depressed. In the first case the general outline is lobate, in the latter non­
lobate.
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Remarks. - Our specimens are very close to the holotype described from Eocene of
California. Generally the umbilical lip is absent in Polish specimens. All other features are
more or less the same.

Distr ibution. - Very common in Danian and in Paleocene in all studied samples from
outcrops and borings. The first appearance of this species noted from the Upper Maastrich­
tian from »Zyrzyn beds« at Zyrzyn and at Pamietowo. In America known from the Eocene.
In Europe first appearing in Upper Maastrichtian, common in Danian and very common in
Paleocene.

Gyroidinoides pontoni BROTZEN, 1948

(P late XVIII, figs. 4a-c)

1948. Gyroldinoides pontoni BROTZEN, F. BROTZEN, The Swedish Pa1cocene .. . , p , 76, pI. 11, fig. 4-5.

Material. - About 200 specimens, well preserved .
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·37
Shortest diameter of test O'31
Height of test 0' 16

Description. - Test somewhat biconvex, dorsal side slightly convex, ventral side strongly
convex, periphery broadly rounded . 21/ 2 spires on dorsal side, 10 chambers distinct in last
whorl. Chambers of uniform shape , moderately increasing in size as added, sutures distinct,
flush with surface, transparent, being somewhat limbate on the inner part of each whorl.
Oblique on dorsal side, radial on ventral side, gently curved on both sides. Umbilicus
narrow, covered by a lip extending from last chamber. Wall smooth. Aperture, double loop­
shaped at the base of the last form ed chamber.

Variation. - Recorded by BROTZEN (1958).
Remarks. - Specimens from Poland differ from the holotype in not having depressed

sutures between last chambers and having somewhat limbate sutures on the inner part of
all whorls. This species has 10 chambers in last whorl, instead of 8, as in Gyroidinoides sol­
danii octocamerata. Its margin is broadly rounded , while in G. soldanii octocamerata it is angled
and the dorsal side is nearly flat.

Distribution. - Common in almost all studied samples from the Danian and Montian
at Bochotnica, Boryszew, Gora Pulawska, Parnietowo, Sochaczew and Zyrzyn . Described
from the Paleocene (Selandian) of Sweden.

Gyroidinoides subangulata ( PLUMMER, 1926)

(Plate XVIII, figs. 1a-c)

1926. Rotalia soldanii (D'OR8IGNY) var. subangulata PLUMMER; H . J. PLUMMER, Foramin ifera of the M idway ... ,

p . 154, pI. 12, fig. 1a-c.
1951. Gyroidina subangulata (PLUMMER) CUSHMAN; J. A. CUSHMAN, Paleocene Foramin ifera ... , p . 51, pI. 14,

fig. 14, 15.
1953. Gyroidina subangulata (PLUMMER) ; E. V. MJATUUK, Spirillinidy ... , p. 59, pI. 4, fig. 3, 4.
1953. Gyroidina subangulata (PLUMMER) ; L. W. LE Rov, Biostr at igraphy ... , p. 35, pl. 3, fig. 23-25.
1956. Gyroidina subangulata (PLUMMER); R. SAID & A. KENAWY, Upper Cretaceous ... , p. 149, pI. 5, fig. 9.

1958 . Gyroidinoides subangulata (P LUMMER) ; J. HOFKER, Foraminifera from the Cretaceous .. . , XXXIII, p . 43,

text-fig. 7, 8.
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1960. Gyroidinoides subangulata (PLUMMER); R. K. OLSSON, Foraminifera ... , p . 36, pI. 5, fig. 2.4, 25.
1961. Gyroidina subangulata PLUMMER; V. P . VASILENKO, Foraminifery verchnego mel a ... , p. 229.
1962. Gyroidinoides subangulata (PLUMMER); M. E. SCHMID, D ie Foraminiferenfauna .. . , p . 34 1, pI. 5, fig. 3, 4.

Material. - A dozen or so specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Longest diameter of test 0·4 7
Shortest diam eter of tes t 0 '41
Height of test 0·29

Description. - Test almost plano-convex, outline circular , unlobate, periphera l margin
angular, rather blunt, ventral side strongly convex, dorsal side flat, composed of about two
whorls. Chambers distinct , gently inflated , of rather uniform shape, modera tely increasing
in size as added , up to 8-9 in the last form ed whorl. Sutu res distinct, stra ight , radiate, flush
with surface on both sides and around the umbilical depression which is distinct and deep.
Suture s oblique on dorsal side. Wall smooth, finely perforated. Aperture, a long, narrow
slit at the base of the last formed chamber, extending fro m the umbilical depression up to
the margin of test.

Variation. - Not significant, a very distinctive species.
Remarks. - Umbilical depression can be sometimes covered by a teno n. HOFKER ob­

served this in specimens from Limburg region (1958). Polish specimens have less cham bers
in the whorl , commonly 8, sometimes 81/ 2 as in the holotype fro m Midway, never 10 as ob­
served by HOFKER. Thi s species is somewhat similar to Gyro idina girardana, described by
REUSS from Cretaceous of Germany.

Distribution. - Rare in Maastrichtian, not common in Danian at Bochotn ica, and in
Montian at Boryszew, Gora Pulawska and Sochaczew. Not common in the Up per Maastrich­
tian at Limburg region , more commonly found in Danian as well as in all Ku nra de chalk .
Common in the Paleocene of Sinai (Egypt) , in the Midway formation, in Georgia (U. S. S. R.)
too. Present in Danian (?) of Austria.

Genus EPONIDES MONTFoRT, 1808

Eponides frankei BROTZEN, 1940

(Plate XXI, figs. 2a-c)

1940. Eponides frank ei BROTZEN; F. BROTZEN, F lin trannans ... , p . 32, pI. 8, fig. 3 a-c.
1953. Eponides frankei BROTZEN; E. V. MJATLJUK, Spi rillinidy ... , p. 100, p I. 8, fig. 8 a-v.
1961. Eponides fr ank ei BROTZEN; V. S. AKIMEC, Strati grafija i fora min ifcry .. . , p . 132., pI. 12., fig. 5a-v.

Material. - A dozen or so specimens.
Dimensions of an average specimen (in mm.) :

Longest diameter of test 0·40
Shorte st diameter of test 0·35
Thickness of tes t 0 '22

Description. - Test biconvex, lenticular , strongly convex on both sides. Outline round,
circular, not lobulate, peripheral margin angulate. 3-4 low whorls on dorsal side, 6 cham­
bers in last whorl. Chambers crescent on dorsal side, slightly inflated, triangular on ventra l
side. Sutures oblique, slightly curved on dorsal side, flush with surface, visible only on last
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whorl, while the centre of dorsal side forms an elevation resembling a well developed plug;
on ventral side sutures distinct, radial, very slightly depressed. Umbilicus missing. Aperture,
a narrow, elongated slit at the base of the last formed chamber on ventral side. Wall smooth.

Variation. - Not known, due to the scarcity of material.
Remarks. - Our specimens do not differ from the holotype described by BROTZEN

(1940).
Distribution. - Rare in Upper Maastrichtian at Gora Pulawska, Zyrzyn, Sochaczew

and Pamietowo. Known from Maastrichtian and Danian in Sweden, in Upper Campanian
and Maastrichtian of Donetz Basin, peninsula Mangyslak, Wolga region and Lw6w (Lvov)
in U. S. S. R., and from Danian of Trinidad.

Eponides lunata BROTZEN, 1948

1948. Eponides lunata BROTZEN; F. BROTZEN, The Swedish Paleocene .. . , p. 77, pI. 10, fig. 17, 18.
1950. Cibicides (?) lunatus (BROTZEN); V. P. VASILENKO, Foraminifery paleocena ... , p. 220, pl. 6, fig. 6.
1953. Eponides lunatus (BROTZEN); L. W. LE Rov, Biostratigraphy ... , p . 30, pI. 9, fig. 24-26.
1954. Cibicides (Geme//ides) lunatus (BROTZEN); V. P . VASlLENKO, Anomalinidy, p. 188, pl. 33, fig. 4a-v.
1960. Eponides lunata BROTZEN; R. K. OLSSON, Foraminifera ... , p . 36.
1963. Cibicides (Geme//ides) lunatus (BROTZEN); O. K. KAPTARENKO-CERNOUSOVA et al., Atlas ... , p. 146, pI. 30,

fig. 7.

Material. - About 50 specimens, well preserved.
Dimensions of 2 specimens (in mm.):

1 2
Longest diameter of test 0'22 0'39
Shortest diameter of test 0'21 0·34
Height of test 0'13 0·10

Description. - Test small, lenticular, biconvex, ventral side more convex, dorsal side
less convex, outline circular, distinctly lobular, peripheral margin sharply acute. 31/ 2 whorls
on dorsal side, 6-7 chambers in last whorl. Chambers crescent on dorsal side, triangular on
ventral, in the latter slightly inflated, Sutures distinct, oblique, gently curved, flush with sur­
face on dorsal side, slightly depressed on the ventral. Umbilicus missing. Wall smooth, finely
perforated. Aperture, an elongated slit under' a narrow lip along the base of the last formed
chamber on ventral side.

Variation. - Described by BROTZEN (1948) and VASILENKO (1954).
Remarks. - Our specimens do not differ from the holotype.
Distribution. - Not common in uppermost Maastrichtian, Danian and Montian in

almost all studied localities, except Boryszew and Sochaczew. This species occurs rarely in
Swedish and Danish Paleocene, in Esna shale of Egypt, and in Paleocene of Donetz Basin
and south regions of U. S. S. R., as well as in North America.

Eponides toulmini BROTZEN, 1948

(plate XVII, figs. 4a-c)

1941. Eponides boueana O'ORBIGNV; L. D . TOULMIN, Eocene smaller Foraminifera ... , p. 601, pI. 81, fig. 6-7.
1946. Eponides gratus (REuss); R. C. VAN BELLEN, Foraminifera ... , p. 57, pl. 7, fig. 4-9.
1948. Eponides toulmini BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p . 78, pl, 10, fig. 16.
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1951. ·Pseudoparre//a meeterenae VISSER ; A. M. VISSER. Monograph ... • p . 278 . pI. 7. fig. 9.
1956. Eponides toulmini (BROTZEN); J . HOFKER. Foraminifera from the Cretaceous ...• XV . p. 29. text-fi g. 4.
1956b. Eponides toulmini BROTZEN; J. HOFKER. D ie Pseudotextularia-Zone ... • p, 72. pI. 8. fig. 58.

?1956. Eponides? aff. E. toulmini BROTZEN; J. H AYNES. Certain smaller. ..• p. 94. pI. 17, fig. 7.
1961. Globorotalites perfora tus VASILENKO; V. P . VASILENKO, Foraminifery verchnego mela ... • p. 61, pl . 10, fig. 5.

Material. - Some hundred specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Longest diameter of test 0 '55
Shortest diameter of test 0·44
H eight of tes t 0·22

Description. - Test slightly oval, lenticular, outline slightly lobulate, unequally bi­
convex, ventral side more strongly convex than dorsal side. Peripheral marg in subacute, cari­
nate . Chambers distinct , 6 in number in last whorl, increasing regularly in size as added.
On ventral side somewhat inflated, the last chamber lobate, a small umbilical depression in
the centre, sutures radial depressed. On dorsal side 3 whorls not always visible, sutures slightly
limbate, oblique , gently curved, nearly flush with surface. Wall smoot h, distinctly and coarsely
perforated on both sides to the same degree. Aperture, a narrow slit on ventral suture of the
last formed chamber, covered by an irregular, narrow lip.

Variation. - This species shows a large range of variation, described by BROTZEN (1948)
as well as by HOFKER (1956).

Remarks. - Our specimens are rather larger than those described by BROTZEN, and
more coarsely perforated on both sides, thus differing from the holotype described from the
Swedish Paleocene.

Distribution. - Very common in Danian as well as in Montian in almost all studied
samples from outcrops and borings. Present in uppermost Maastrichtian in G6ra Pulawska
and Sochaczew. Present and revised by HOFKER (1956) from the Upper Maastrichtian up
to Montian in Germany, the Netherlands and Belgium. Globorotalites perforatus VASILENKO
(1961), described from Danian of Mangyslak peninsula (V. S. S. R.) does not differ and
seems to be conspecific with Eponides toulmini BROTZEN.

Family SIPHONINIDAE CUSHMAN, 1928

Genus PVLSIPHONINA BROTZEN, 1948

Pulsiphonina prima (PLUMMER, 1926)

(Plate XVI, fig. 3a-c, 6a -c)

1926. S iphonina prima PLUMMER ; H. J. PLUMMER, Foraminifera of the Midway .. .. p. 148, pI. 12, fig. 4.
1944. Siphonina prima PLUMMER ; C. L. CooPER. Smaller Foraminifera .. . . p . 353. pl . 55. fig. 7-9.
1948. Pulsiphonina elegans BROTZEN; F . BROTZEN, The Swedish Paleocene .. . . p. 107, pl . 17, fig. 4.
1951. Siphonina prima PLUMMER ; J. A. CUSHMAN, Paleocene Foraminifera ... , p . 55, pl , 15, fig. 7-9 (earlier synonymy

included).
1956. Pulsiphonina prima (PLUMMER); J. HAYNES, Certain smaller ... , p . 96. pI. 17, fig. 9.
1958. Pulsiphonina prima (PLUMMER); J. H OFKER, Foraminifera from the Cretaceous .. . . xxxm, p. 42. text-fig. 3,4.
1960. Pulsiphonina prim a (PLUMMER) ; R. K. OLSSON, Foraminifera ... , p. 39. pl. 7, fig. 1-3.
1961. Pulsiphonina elegans BROTZEN; J. HOFKER, Foraminifera from the Cretaceous , LIII, p, 67, text-fig. 11a-c.
1963. Siphonina prima PLUMMER ; O. K. KAPTARENKO-CERNOUSOVA et al., Atlas p. 139, pI. 30, fig. 2.
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Material. - Over one hundred specimens, well preserved.
Dimensions of 2 specimens (in mm.) :

1 2
Longest diameter of test 0·34 0·32
Shortest diameter of test 0'27 0·29
Height of test 0'16 0·16

Description. - Test small, nearly circular, compressed, about equally biconvex, pe­
ripheral margin slightly lobate, sharply acute and delicately serrate. Small central depression
on ventral side. 3 whorls on dorsal side. Chambers 4-5 in the last whorl, inflated on ventral
side, crescent-shaped on dorsal side. Sutures radial, distinct, strongly oblique and flush
with surface on dorsal side, depressed and curved on ventral side. Wall smooth, distinctly
perforated. Aperture narrow, elliptical, with a lip open ing on ventral side, just close to the pe­
riphery.

Variation. - Rather small, mainly in acute or subacute margi n, and in presence or
lack of the apertural lip.

Remarks. - Our specimens do not differ from the holotype described from Midway
formation . It seems that Pulvinulinella eklundi BROTZEN (1940), described from the Swedish
uppermost Maastrichtian and Danian, is at first sight very similar to Pulsiphonina prima
(PLUMMER), differing only in the aperture being parallel to the test margin.

Distribution. - Very common in Danian and in Montian at Bochotnica, Nasilow,
Magnuszew, Gora Pulawska, Zyrzyn, Sochaczew, Boryszew and Pam ietowo, Two specimens
found in the Upper Maastrichtian at Gora Pulawska. HOFKER mentioned (1958) some speci­
mens of Pulsiphonina prima (PLUMMER), found as early as in the Maastrichtian Tuff Chalk
(Md); this species is common in the Danian of Limburg (so-called Me), as well as in Tuffeau
de Ciply and Poudingue de la Malogne (Danian) in the Mons Basin and in Danian and Pa­
leocene in almost all regions of U. S. S. R., where scdiments of this age are developed . Typi­
cal specimens of this species occur in Danian and Selandian of Denmark and Sweden. Present
in Thanet beds.

Family PSEU D OPAR RELLID AE VOLOSCHINOVA, 1952
(nom. transl. SUBBOTlNA, 1959, ex P SEUD OPA R RELLIN A E VOLOSCHINOVA, 1952)

Genus OSANGULARIA BROTZEN, 1940

Osangularia cordieriana navarroana (CUSHMAN, 1938)

(Plate XIX, figs. 1a-c, 5a-b)

1938. Pulvinulinella navarroana CUSHMAN ; J. A. CUSHMAN, Some new species ... , p. 66, pI. 11, fig. 5.
1940. Osangularia lens BROTZEN ; F. BROTZEN, Flintrannans ... , p. 30, pI. 27, fig. 1a-c.
1945. Parre/la lens BROTZEN; F. BROTZEN, De gcologiska Resultaten , p. 56, pl. 2, fig. Ta-c , text-fig. 10 (1-6).
1948. Parrel/a lens (BROTZEN); F. BROTZEN, The Swedish Paleocene , p. 104, text-fig. 28A .
1956b. Osangu laria lens BROTZEN; J. HOFKER, Die Pseudotextularia-Zone ... , p. 72, fig. 57.
1957. Osangularia lens BROTZEN ; J. HOFKER, Foraminiferen ... , p. 390, text-fig. 434.
1960. Osangularia lens BROTZEN; H. HILTERMANN& W. KOCH, Oberkreide-Biostrat igraphie ... , p. 72, text-pI. 3.
1961. Parrella lens (BROTZEN); V. P. VASILENKO, Foraminifery verchnego mela ... , p. 98, pI. 16, fig. 4, 5.
1962. Osangularia cordieriana navarroana (CUSHMAN, 1938) ; E. V. HERMANNl, Zur Artfassung ... . p. 280, pI. 19,

fig. 2-4.
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Material. - Some hundred specimens, well preserved.
Dimensions of 2 specimens (in mm.):

1 2
Longest diameter of test 0·48 0·82
Shortest diameter of test 0·45 0'73
Height of test 0·30
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Description. - Test trochiform, biconvex, almost evenly closely coiled, slightly com­
pressed, circular or subcircular in outline, peripheral margin sharply acute, keeled. 3 whorls,
more or less, on spiral side. 9-10 chambers in the last formed whorl. Chambers distinct, some­
what triangular on ventral side, trapezoidal on dorsal side , of uniform shape, very moderately
increasing in size"as added. Sutures distinct, radially extending from the centre up to margin
on ventral side, obliquely - on dorsal side. On both sides sutures gently curved, non-depres­
sed . Spira l suture, as well as sometimes the septal sutur es, limbate, very slightly raised. Clear
umbonal area at the centre, glistening, not rai sed above the chamber surface. Keel narrow,
thin, transparent, even . Wall smooth . Aperture double. A small , short opening at base of
last formed chamber on ventral side, near th e middle, and a narrow, elongated slit extending
obliquely to the suture of the last formed cha mber, not connected with it.

Variation. - This species sho ws rather a big degree of variation which is described in
detail in papers of BROTZEN (1940, 1945) and VASILENKO (1961). In Poli sh material 2 va­
riants have been figured with limbate septal sutures on ventral side (Plate XIX, fig. 1) and
with unlimbate, somewhat depressed sut ur es on ventral side (Plate XIX, fig. 5).

Remarks. - Recently revised by HERMANNI (1962) together with all other species be­
longing to the genus Osangularia. Our specimens differ from the holotype in not having an elon­
gate, but short sutural aperture near the middle. There is a rather striking similarity between
Osangularia cordieriana navarroana CUSHMAN and Parrella expansa TOULMlN (1941), from
the Eocene of Alabama, with the same character of double aperture and the same number
of chambers.

Distribution. - Osangularia cordieriana navarroana is very common in Danian and in
Montian in almost all studied samples from Poland. Common in Swedish, Dutch and Danish
Danian, also in the Danian of Mangyslak peninsula (D. S. S. R.). This species appears in the
uppermost Maastrichtian, as mentioned by CUSHMAN (1938), BROTZEN (1945) and HOFKER
(1956) who observed it already in the Pseudotextularia zone in the Netherlands.

Genus PSEUDOPARRELLA CUSHMAN & TEN DAM, 1948

Pseudoparrella limburgensis V1SSER, 1951

(plate XVI , figs. 5a-c)

1933. Eponides minimus CUSHMAN ; R . C. VAN BELLEN, Foraminifera •.. , p. 58, pl. 7, fig. 10-12.
1951. Pseudoparrella limburgensis VISSER; A. M. VISSER, Monograph ... , p. 278, pI. 7, fig. 10.
1961. Pseudoparrella Iimburgensis VISSER ; J . HOFKER, Foraminifera from the Cretaceous ... , LIII, p. 67, text-fig. 9,10.

Material. - About 60 specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·31
Shortest diameter of test 0·28
Height of test 0'16

Palaeontologia Polonica No . 14 II



114 KRYSTYNA POZARYSKA

Description. - Test lenticular, compressed, outline somewhat lobate. Both sides con­
vex. Peripheral margin acute. On the dorsal side all chambers visible, 5 in the last whorl,
with sutures strongly oblique , gently curved. At the ventral side each chamber slightly in­
flated, the last one lobate, sutures distinct , radial, slightly depressed. Both sides with fine pores.
Wall smooth. Aperture wide, open, sutural, loop-shaped on ventral side, between the margin
and the centre. .

Variation. - Described by HOFKER (1961 , 1963).
Remarks. - It is rather difficult to compare with the holotype, described by VISSER

(1951), the latter being in a bad state of preservation, rather faintly illustrated. Our specimens
have only 5 chambers in the last whorl , instead of 8 in the holotype. Probably they belong
to megalospheric form described by VISSER as Pseudoparrella meeterenae. Revised by HOFKER
(1961, 1963). .

Distribution. - Not common in Danian at Bochotnica, G6ra Pulawska, Sochaczew,
Pamietowo ; common in Montian at Bochotnica, G6ra Pulawska, Zyrzyn, Sochaczew and
Pamietowo. Common in Danian in Denmark and Limburg, as well as in Tuffeau de Ciply
(Danian) in Belgium. It seems to disappear in Calcaire de Mons (Montian), above the Tuf­
feau de Ciply (HOFKER, 1961).

Genus ALABAMINA TOULMIN, 1941

Alabamina midwayensis BROTZEN, 1948

(Plate XXI , figs. 3a- c)

1948. Alabamina midwayensis nov onom. BROTZEN; F . BROTZEN, The Swedish Paleocene ... , p. 99, pl . 16, fig. 1,2
(all synonymy included).

1959. Alabamina midwayens is BROTZEN; S. E. NAKKADY, Biostrat igraphy .. . , p . 460 , pl . 2, fig. 2.
1960 . Alabamina mldwayensis BROTZEN; J. HOFKER, Foraminifera from the Cretaceous ... , XLIX, p. 58, text-fig. 1-6.

Material. - Some hundred specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Longest diameter of test 0·38
Shortest diameter of test 0'35
Height of test 0·16

Description. - Test biconvex, lenticular , compressed, dorsal side slightly convex, flat­
tened; ventra l side convex, circular in outline , peripheral margin bluntly acute, very faintly
lobulate , 3 whorls visible on dorsal side, 5 chambers in last whorl. Chambers triangular on
ventral side, trapezoidal on dorsal. Sutures distinct 01'1 both sides, nearly flush with surface,
only faintly depressed on ventral side, where they are straight, radial and oblique, gently curv­
ed on dor sal side. A very small umbilical depression, where sutures meet. Aperture, an elong­
ated, narrow slit at the base of last formed chamber on ventral side. Wall smooth, shining,
finely porous.

Variation. - Considerable, discussed by BROTZEN (1948) and HOFKER (1960).
Remarks. - Our specimens do not differ from Swedish ones and the holotype figured

by BROTZEN (1948).
Distribution. - Very common in upp ermost Maastrichtian, Danian and Montian in

all studied localities. Know~ to be common from Swedish, Danish and Dutch Danian and
Paleocene. Abundant at the top of Danian in Egypt.
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Family E PISTOMINID AE BROTZEN, 1942

Genus HOEGLUNDINA BROTZEN, 1948

Hoeglundina scalaris (FRANKE, 1927)

(Plate XIX. figs. 2a- c)

1927. Epistomina scalaris FRANKE ; A. FRANKE, D ie Foraminiferen und Ostracoden ... • p. 39. pI. 4. fig. 6.
1948. Hiiglundina scalaris (FRANKE); F. BROTZEN, The Swedish Paleocene .. . . p , 94. pI. 15. fig. 2, 3.

Material. - About 50 specimens ; most of them damaged.
Dimensions of an average specimen (in mm .):

Longest diameter of test O'50
Shortest diameter of test 0·46
Height of test 0·23
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Description. - Test equally biconvex, rounded, circular in outline, closely coiled, pe­
ripheral margin stro ngly angled . Dorsal side consists of 4 whorls, p laced on each oth er step­
wise. A kind of big tubercle in the middle. Ventral side strongly elevated, without umbilicus,
five chambers in the last whorl, semicrescent , low on do rsal side , triangular on ventral. Sutures
distinct, strongly rai sed, limbate on both sides, septal as well as spiral ones, curved on dorsal
side, rad ially on ventral side . Surface of chambers very restricted by raised spiral and septal
sutures; in th e centre of dorsal side all raised sutures are so closely interlaced that they form
something like a plug or large tubercle. Double peripheral raised margin on ventral side.
Latero-marginal apertures and areal apertures in the septae in the inside of test. Wall smooth,
except for raise d sutures .

Variation. - Not known , due to scarcity and powerty of material.
Remarks. - The affinities with Epistomina elegans and a discu ssion on wall structure

was given by BROTZEN (1948).
Distribution. - Rare in Danian and Montian at G6ra Pulawska and Boryszew. Rare

in Swedish Paleocene too . Not known in Montian of Paris Basin (P. MARIE, oral information).

Family CERATO BULIMINIDAE GLAESSNER, 1937

Genus LAMARCKINA BERTHELIN, 1881

Lamarckina naheolensis CUSHMAN & TODD, 1942

(Plate XX . figs. Sa-c)

1942. Lamarckina naheolensis CUSHMAN & TODD ; J. A. CUSHMAN& R. TODD, The Foraminifera ... . p. 39, pl , 7,
fig. 5-7.

1948. Lamarckina naheolensis CUSHMAN & TODD; F . BROTZEN. The Swedish Paleocene p. 122, pI. 17, fig. 6.
1951. Lamarckina naheolensis CUSHMAN & TODD; J. A. CUSHMAN. Paleocene Foraminifera p. 49, pl . 14. fig. 4-6.

Material. - 9 specimens, well preserved.
Dimensions of an average specimen (in mm .) :

Longest diameter of test 0·60
Shortest diameter of test 0·41
Height of test 0·25

8*
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Description. - Test piano-convex, compressed, longer than broad , ou tline lobulate,
peripheral margin acute, even slightly keeled, dorsal side flattened or even slightly concave
in the centre, ventral side convex, deeply umbilicate. Chambers distinct, 7-8 in number in
last whorl, increasing rapidly in size as added. Sutures visible mainly on dorsal side, where
they are distinct, limbate, gently curved. Wall distinctly perforated on dorsal side, except
sutures. Ventral side quite smooth , polished, glistening. Aperture, an opening into the um­
bilical cavity, with a large, slightly convex lip extending into and partially covering the um­
bilicus.

Variation. - Not known, due to scarcity of material.
Remarks. - Our specimens do not differ at all from the holotype described from the

Nah eola formation (Eocene) in America. This species is an excellent index fossil for the Lo­
wer Paleocene.

Distribution. - Very rare in Paleocene at Bochotnica, Sochaczew and Gora Pulawska,
It occurs in the Paleocene of America, Sweden and Denmark.

Lamarckina rugulosa PLUMMER, 1926

(Plate XXIV, figs. 4a-c)

1926. Lamarckina rugulosa PLUMMER, MS; J. A. CUSHMAN, The genus Lamarckina , p. 8, pl. 3, fig. 6a-c.
1926. Lamarckina rugulosa PLUMMER; H. J. PLUMMER, Foraminifera of the Midway , p. 140, pI. 9, fig. 3a-c.
1951. Lamarckina rugulosa PLUMMER; J. A. CUSHMAN, Paleocene Foraminifera ... , p . 49, pl. 13, fig. 24.
1960. Lamarckina rugulosa PLUMMER ; R. K. OLSSON, Foraminifera ... , p . 37, pI. 6, fig. 5, 6.
1962. Lamarckin a rugulosa PLUMMER ; J . HOFKER, Foraminifera from the Cretaceous ... , LXI, p. 129.

Material. - About 30 specimens, well preserved.
Dimensions of 2 specimens (in mm.):

1 2
Longest diameter of test 0·46 0·50
Shortest diameter of test 0·40 0·40
Height of test 0·30 0·30

Description. - Test very broadly elliptical , to almost round in outli ne, lobate, moder­
ately compressed. Periphery broadly rounded. Convolutions few, not over \1/2' Chambers
distinct , up to 6 in the last formed whorl, increasing in size rapi dly as added. Sutures distinct
on dorsal side, limbate, slightly depressed between last chambers, in the early portion some­
what raised, usually covered together with surface of chambers by a coarsely rugose gra nu­
lation. Ventral side smooth and glistening , sutures slightly depressed, indistinct, umbilicus
deeply excavated. Smooth character of ventral surface extends up the dorsal side at the pe­
ripheral end, which is seen in the line of coiling on dorsal surface. Aperture, a low, arched
opening on the ventral side, sometimes, under a narrow flap, delica tely fringed.

Variation. - Only to a very small degree. Mainly in the character of sutures on the
dorsal side which can be more raised or less.

Remarks. - Our specimens do not differ from the holotype.
Distribution. - Not very frequent in Montian in almost all studied samples from bo­

rings and outcrops. Never to be found in Danian. This species represents an excellent fora­
miniferal index species of Montian. It occurs in Paleocene of North America, in Mon tian
of Limburg and of Georgia (D. S. S. R.).
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Genus CERATOBULIMINA TOULA S.S ., emend. FINLAY, 1939, and TROELSEN, 1954

Ceratobulimina tuberculata BROTZEN, 1948

(P late XX, figs. 4a-b , 6a-c)

1948. Ceratobulimina tuberculata BROTZEN; F . BROTZEN, The Swedish Paleocene ... , p. 124, pl. 19, fig. 2, 3.
1956. Ceratobulimina tuberculata BROTZEN; J. HAYNES, Certain smaller .. . , p , 90, pI. 16, fig . 8.
1957. Ceratobulimina tuberculata BROTZEN; F. BROTZEN & K . POZARYSKA, The Paleoccne in central Poland .

p.275.
1962. Ceratobulimina tuberculata BROTZEN; J . HOFKER, Foraminifera from the Cretaceous ... , LXI, p . 129.

Material. - Over two hundred specimens, well preserved .
Dimension s of 2 specimens (in mm.) :

Lo ngest diameter of test
Shortest diameter of test
He igh t of test

1
0·35

0'28
0·21

2
0·45

0 '35
0'29

Description. - Test almost equally biconvex, subglobu lar , outline circular or subcir­
cular, peripheral margin broadly rounded, slightly lobate. One and a half whorls on dorsal
side, 6 chambers visible in last who rl. Chambers inflated on both sides, increasing rapi dly
in size as added. Sutures distinct , deep ly dep ressed, radia l, slightly oblique or even slightly
backward curving oil do rsal side, radial on ventral side, deeply impressed towards the um­
bilicus. Umbilicus large, deep . Wall smooth, glossy. Apertural surface large, inflated, aperture
umbilical, covered by th e dentate margin of the bulging area of last formed chamber.

Variation. - Insignificant ; it is a strongly distinctive species.
Remarks. - Thi s species is very close only to Ceratobulimina perplexa (PLUMMER) .

Our specimens differ fro m the holotype, described from Sweden , by not having any orna­
mentation in th e umbili ca l depression, like some of Swedish specimens. The discussion and
comparison with related species was given in detail by BROTZEN (1948). Ceratobulimina tu­
berculata BROTZEN is an excellent index fossil for the Paleocene. Tn the Danian all Cerato­
bulimina species are absent. In BROTZEN'S opinion (1948), C. tuberculata as well as C. per­
plexa ar e best index fossils for th e base of Paleocene.

Distribution. - Common in the Montian in all studied localities, also com mon in
Swedish and Dani sh Lower Pa leocene (Selandian). This species occurs in Montian of Paris
Basin (P. MARIE, or al information), in Lower Paleocene of Limburg, in the British Pa­
leocene (Thanet beds) and in southern regions of U. S. S. R.

Genus COLEITES PLUM~ER, 1934

Coleites reticulosus (PLUMMER, 1926)

(Plate XX, figs. 1a-c, 2a-b)

1926. Pulvinulina reticulosa PLUMMER; H. J . PLUMMER, Foraminifera of the Mi dway ... . p. 152, pl. 12, fig. 5.
1948. Coleites reticulosus PLUMMER ; F. BROTZEN, T he Swedish Paleocene ... , p. 109, pl . 18, fig. I , text-fig. 29-33 .
1951. Coleites reticulosus (PLUMMER); J . A. CUSHMAN, Paleocene Foraminifera ... , p. 54, pl , 15. fig. 1-5.
1953. Coleites reticulosus (PLUMMER); E. V. MJATLJUK, Spirillinidy .. . , p. 122. pI. 28 , fig. 7, 8.
1956. Coleites reticulosus (PLUMMER); J . HOFKER, Foraminifera from th e Cretaceous .. . , XX, p. 75, text-fig. 1-8.
1960. Coleites reticulosus PLUMMER ; H. HILTERMANN & W. KOCH, Oberkreide-Biostratigraphie .. . , p. 73, tex t-p l, 4.
1961. Coleites reticulosus (PLUMMER); V. P. VASILENKO, Foraminifery verchnego me la ... , p. 102, pI. 18, fig. I.
1962. Coleites reticulosus PLUMMER; M. E. SCHMID, D ie Foraminiferenfauna .. . , p. 344. pI. 5, fig. 6.
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Material. - About 50 specimens, well preserved .
Dimensions of two specimens (in mm.) :

I 2
Lon gest diameter of test 0·40 0·42
Sho rtest diameter of test 0·33 0·38
Height of test 0·18 0·20

Description. - Test subcircular or broadly elongated, strongly compres sed, biconvex,
dorsal side more flattened, ventral side strongly convex. Peripheral margin sharply acute
and keeled. Chambers rapidly increasing in size as added , 8 in number in coiled portion of
last whorl, crescent on ventral side, not visible on the dorsal because both sides are very coarsely
reticulate, obscuring all sutures on dor sal side and the last ones on ventral. Sutures slightly
depressed between last chamb ers on ventra l side. Aperture, a narrow slit on umbilical side.

Variation. - Considerable ; applies to general shape, which can be sometimes more
elongated, sometimes less, and also to the degree of reticulation, which can cover almost all
surface of ventral side, or only the surface of last two or three chambers.

Remarks. - Our specimens do not differ from the holotype described from Midway
formation. .

Distribution. - Rare in Montian at Bochotnica, G6ra Pulawska and at Pamietowo.
Rare in Midway formation and also in Lower Paleocene in Sweden and Denmark. Described
by HOFKER (1956, 1959) from Upper Maastrichtian of Limburg who observed »a straight
development line from a typical Pseudoparrella test with sutural aperture up to a typical Co­
leites form«. Common in Monti an of Limburg and a very similar species occurs in Montian
of Paris Basin as Coleites vanbelleni n. sp. (P. MARIE, oral information). Present in the Crimea.
Common in Danian, Paleocene and Lower Eocene in North America , Europe and Africa .

Family ROTALIIDAE R EUSS, 1860

Genus PARAROTALIA LE CALVEZ, 1949

Pararotalia tuberculifera (REuss, 1862)

(Plate XX, figs. 3a-c)

1862. Rotalia tuberculifer a REUSS; A. E. R EUSS, Di e Foraminiferen des norddeuschen Hils und Gault, p . 313,
pI. 2, fig. 2.

1957. Pararotalia tuberculifera (REUSS); J . HOFKER, Foraminifera from the Cre taceous ... . XXIV, p. 32-34, text­
pI. 1-18.

1960. Pararotalia tuberculifera (REUSS); J. HOFKER, Ibid., L. , p. 79, text-pl. 1-8.
1963. Pararotalia tuberculife ra (REUSS); J . HOFKER, Ibid., LX VI, p. 80, text-pl . 1-6.

Material. - About 40 specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Longest diameter of test 0·31
Shor test dia meter of test 0 '27
Height of test 0·14

Description. - Text biconvex, ventral side more convex, dorsal less, outline circular,
peripheral margin sharp, ragged. Each chamber of the last formed whorl has sometimes more ,
sometimes less developed spines at the periphery. Chambers visible only in last formed whorl ,
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centre of dorsal side covered by numerous tubercles, the centre of ventral side filled by
distinct knobs, well separated from chamber walls. Sutures depressed especially in central
part of whorl on ventral side, while almost not visible on dorsal side. Aperture at the ventral
wall of last formed chamber not entering the umbilicus, more or less loop-shaped. Surface
rough throughout all chambers.

Variation. - Described in detail by HOFKER (1957, 1960, 1963).
Remarks. - Our specimens differ from the holotype described by REUSS (1862) from

Upper Maastrichtian (Tuffeau) at Maastricht , however do not differ from specimens described
and figured in deta il by HOFKER (1957) from the same horizon. Very similar to Discorbis
marlierei MARIE from Ca1caire de Mons (P. MARIE, oral information). It was carefully studied,
on the one hand by SMOUT (1955) and, on the other, by REISS and MERLING (1958). In an­
other paper (1963) HOFKER described 2 forms of Pararotalia tuberculifera (Rss.): one a flat
form and the second more robust. Th e first, having a smaller proloculum, may represent the
microspheric generation , while the robust - the mega lospheric. The latter is more common.

Distribution. - Very rare in Danian at Parnietowo only. Not so rare in Montian at
Sochaczew and Pam ietowo. Accord ing to HOFKER (1957), this very peculiar species begins
in the Maastrichtian tuffeau »with very small specimens rapidly increasing in size during Mb
and M e and decreasing in Md«. In higher lying strata (MEIJER'S Danian, HOFKER'S Paleocene)
there occur only »very small specimens which can be aberrant forms of this species«. In an­
other paper from the same year (1957) HOFKER described the first appearance of this species
in Mb of Limburg as Globorotalia prae tuberculifera, »since the ventral central knob is totally
and always missing«,

Genus MISSISSIPPINA HOWE, 1930

Mississippina binckhorsti (REUSS, 1862)

(Plate XVI, figs. I a, b)

1861. Rosalina binkhorsti REUSS; A. E. Rsuss, Palaontologische Beitrage , p. 317, pl. 2, fig. 3u-c.
1958. Mississippina binkhorsli (REUSS); J. HOFKER , Foraminifera from the Cretaceous ... , XXXVI, p. 101 , text­

fig. 1-6 (earlier synonymy included).
1961. Discorbis binkhorsti (REUSS); V. P. VASILENKO, Foraminifery verchnego mela ... , p, 37, pl. 7, fig. 5.

Material. - About 20 specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0'36
Shortest diameter of test 0·28

Description. - Test circular or oval in general outline. The peripheral margin strongly
raised, broadly rounded, sides compressed, nearly flat, more convex at the dorsal side, some­
what concave on the ventral, sometimes with an outer peripheral angle, the intervals between
as straight lines. Chambers few, up to 5 in last whorl. The last chamber much larger. Sutures
limbate, strongly raised, broad ly curved. Ornamentat ion as small tubercles or even faint ribs
especially on dorsal side.

Remarks. - Our specimens are not so conical, having more intense ornamentation than
the holotype, described by REUSS (1862) from the Upper »Kreidetuff« of Maastricht. The
evolution line leading from small, flattened specimens in the Lower Mb and even in the Ma
in Limburg - to often very large and convex specimens in the uppermost Maastrichtian,
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was established by HOFKER (1958). In Polish Upper Maastrichtian, Danian and Montian
there occur strongly compressed specimens, rather flat on both sides.

Distr ibution. - In Maastrichtian at Sochaczew and Pamietowo, in Danian at G6ra Pu­
lawska , in Montian at Boryszew and Pamietowo. In the Upper Maastrichtian of Germany,
Belgium and the Netherlands. In Danian of Mangyslak peninsula (U . S. S. R.).

Mississippina midwayensis trinitatensis (CUSHMAN & RENZ, 1942)

(Plate XVH, figs. 2a-c)

1942. Discorbis midwayensis CUSHMAN var. trinitatensis CUSHMAN & RENZ; J. A. CUSHMAN & H . H. RENZ,
Eocene, Midway Foraminifera from Soldado Rock, Trinidad, p. 10, pI. 3, fig. 5.

1951. Discorbis midwayensis CUSHMAN var. trinitatensis CUSHMAN& RENz ; J . A. CUSHMAN, Paleocene Foramini­
fera ... , p. 48, pl . 13, fig. 22.

Material. - About 30 specimens, well pre served.
Dimensions of 2 specimens (in mm.):

1 2
Longest diameter of test 0·36 0·38
Shortest diameter of test 0 ·34 0'34
Height of test 0·17 0·18

Description. - Test trochiform, pianoconvex, compressed, outline circu lar , peripheral
margin somewhat lobate, acute, with a th ickened edge, not sharp, dorsal side convex, ventral
side flatt ened or even slightly concave. Chambers distinct, 5-6 in number in last whorl, slightly
inflated, increasing rather rapidly in size as added ; sutures dist inct, strongly oblique and cur­
ved on the dorsal side, limbate and strongly raised, joining with thickened peripheral edge.
On ventral side chambers inflated, the last one more inflated, small umbilical depression in
the centre, sutures distinct, non-limbate, depressed. Wall smooth, except the raised sutures
on dor sal side and the edge, coa rsely perforated on both sides (except sutures and edge).
Aperture, an elongated opening on the ventral side between the periphery and the umbilicus.

Variation. - Not known because of scarcity of mat erial.
Remarks. - Discorbis ruka zi HOWE seems to be very close to Mississippina trinitatensis

CUSHMAN & RENZ. Both are described from America, first from the Eocene of Alabama,
second fro m the Paleo cene of Gulf Coastal Region. Our specimens are not so compressed.
The dorsal side of Polish specimens is much higher and their edge more raised than the holo­
type and specimens described by CUSHMAN and RENZ.

Distribution. - Very rare in Montian of Sochaczew and Parnietowo. Common in Pa­
leocene only in North America .

Family CHILOST OMELLIDAE ~RADY, 1881

Genus ALLOMORPHINA REUSS, 1850

Allomorphina hofkeri n. sp.

(Plate XXI , figs. 6a-b)

Holotypus: Specimen presented on PI. XXI, fig. Gu-b.
Stratum typicum : Montian.
Locus typicus: Pamietowo bo ring , 268 111 .

Derivatio nominis: hofkeri - in honour of the em inent Dutch micropalaeontologist Dr JAN HOFKER, Sr.
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Material. - 60 specimens , well preserved .
Dimensions of an average specimen (in mm.) :

Length of test 0'41
Maximum width of test 0'32
Thickness of test 0·18

121

Description. - Test trochoidal , biconvex, slightly longer than broad , oval, distinctly
compressed, periphery broadly rounded, dorsal side so mewhat more strongly convex than
vent ral side . Outline very gently lobular. 21/ 2 whorls on dorsal side. Cha mbers distinct , very
slightly inflated, up to 5 in number in last whorl. Chambers rapidly increasing in size as ad­
ded, the last chamber being very large, som ewhat elongated, wit h a b road, plate-like lip, ex­
tending over the umbilicus and covering it enti rely. Sutures distinct, radia l flush with sur face
or very slightly depressed . Aperture, a low opening on ventral side, beneath an overhanging
plate-like lip. Wall smooth, glistening.

Remarks. - This species is very similar to Allotnorphina allomorphinoides (REUSS) from
the Cretaceous. It differs from the latter on ly in having a larger lip, developed as a broad plate,
not triangular and much larger than in A. allomorphinoides (REUSS) .

Distribution. - Common in Danian and Montian at G6ra Pu lawska, Zyrzyn and Pa­
rnietowo. HOFKER cited the same species in the Danian and Lower Paleocene of Denmark
(HOFKER'S manuscript on the Foraminifera from the Maastrichtian , Danian and Montian).

Fami ly GLOBIGERINIDAE CARPENTER, 1862

Genus GLOBIGERINA D'ORBIGNY, 1826

Globigerina daubjergensis BRONNIMANN, 1953

(Plate XXIII, figs. 4a-c)

1953. Globigerina daubjerge nsis BRONNIMANN ; P. BRONNIMANN, Note on planktonic Foraminifera ... , p. 340, pl , 1.
1957. Globigerina daubjergensis BRONNIMANN ; J. C. TROELSEN, Some planktonic Foraminifera ... , p. 128. pl. 30,

fig. 1-2.
1957. Globigerinoides daubjergensis BRONNIMANN; A. R. LOEBLlCH et al., Studies in Foraminifera ... , p . 184.

pI. 40, fig. I. 8; pl, 4 1. fig. 9 ; pl, 42, fig. 6, 7 ; pl . 43, fig. I ; pl . 44, fig. 7, 8.
1960 a. Globigerina daubjergensis BRONNIMANN; J . HOFKER. Le probleme du Dano-Paleocene .. .. p. 119. pI. I.

fig. 1-9.
1960. Globigerin oides daubjergensis BRONNIMANN; M . V. KACARAVA, Planktonnye foraminifery ... , p. 48.
1960. Globigerinoides daubjergensis (BRONNIMANN); R. K. OLSSON, Foraminifera .... p. 43, pl, 8, fig. 4-6 .

110n 1961. Globigerinoides sp. cf. G. daubjergensis (BRONNIMANN) ; J. P. H. KAASSCHI ETER. Foraminifera of the Eocene ... .
p. 237 , pl , IS, fig. 11.

1962. Globigerina daubjergensis BRONNIMANN; W. A. BERGGREN, Some planktonic Foraminifera ... . p. 81, text­
pl. 11. fig. 1-7 ; pl . 13. fig. 3-7.

Material. - About 25 specimens, well preserved.
D imension s of an average specimen (in mm.):

Longest diame ter of test 0·16
Shortest diameter of test 0·14
Height of test 0·12

Description. - Test very small, trochospiral, high -spired, biconvex, triangu lar in trans­
verse section, early chambers trocho ida l, 3 chambers in last whorl, strongly inflat ed, nearl y
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globular, gradually increasing in size, small and shallow umbilicus, sutures deeply depressed,
aperture small, subcircular, opening into the umbilicus, wall finely spinose.

Variation. - Rather insignificant. It applies to general size which increases gradually
from Danish specimens up to Montian ones, as was shown distinctly by HOFKER (1960).

Remarks. - Globigerina daubjergensis is the most important index fossil of the Danian
stage, however it occurs also in the lowermost Montian, where it is rare. Our specimens differ
from the holotype described from Denmark and from American specimens in having only
3 chambers in last whorl, instead of 31/ 2 or 4, in not having secondary sutural apertures in
specimens occurring in Danian, and in having a higher, distinctly protruding spire.

Distribution. - Rare in Danian as well as in lowermost Montian at Bochotnica, G6ra
Pulawska and Zyrzyn. Known in almost all regions where the Danian sediments are deve­
loped. Common there especially in Upper Danian. Occurring also in lowermost Paleocene.

Globigerina kozlowskii BROTZEN & POZARYSKA, 1961

(Plate XXIII, figs. I a-c)

1961. Globigerina kozlowskii BROTZEN& POZARYSKA ; F . BROTZEN & K. POZARYSKA, Foraminiferes du Paleocene... ,
p. 162, pI. I , fig. 1-14 ; pl . 2, fig. 1-17 ; pl, 3.

1962. Globigerina kozlowskii BROTZEN& POZARYSKA ; J. HOFKER, Foraminifera from the Cretaceous .. . , LXI ,
p. 129, text-fig. on p. 130.

Longest diameter of test
Shortest diameter of test
Height of test.'

Material. - A hundred or so specimens,
Dimensions of 5 specimens (in mm .):

1
0·24
0·23
0·22

well preserved .

2 3
0'27 0·27
0·24 0·21
0·15 0·23

4
0'28
0·23
0 ·21

5
0 '30
0·24
0·21

Description. - Test very small, trochoidal, high spired, closely coiled , composed of 21/2
or 3 whorls, chambers inflated, 31/ 2 in number in last whorl, increasing rapidly in size as ad­
ded, small proloculum, umbilicus small or missing, aperture single, umbilical, or with several
additional sutural small, round openings. Wall finely perforated, coarsely spinose- .

Variation. - This species is often as high as broad. Sometimes sutural openings are
lacking. Specimens with extremely large proloculum have always additional chambers, one
of which overhangs the umbilicus. Additional chambers are smooth, plane, never spinose
(BROTZEN & POZARYSKA, 1961).

Remarks. - Our specimens represent mainly topotypes from the same Pamietowo
boring, from which the holotype ha s been described. Globigerina kozlowskii is closely related
to G. daubjergensis . The latter dominates in Danian, the last representatives occurring still
in lowermost Montian . In the beginning of Montian, the G. ko zlowskii appears at first rarely,
being mixed with the last representatives of G. daubjergensis. Later it develops rapidly and
is very common already in Middle Paleocene beds. HOFKER (1962) observed that during the
Danian and Lower Paleocene in Denmark »high-spirallized forms as G. daubjergensis begin
to occur together with a decrease of diameter of the proloculum; in G. ko zlowskii the forms
with a high spiral have also smaller proloculum«. Thus HOFKER agrees that G. kozlowskii
may be the direct offspring of G. daubjergensis. HOFKER already, in 1960, presented a series
of such forms with additional chambers as well as additional sutural openings. These latter,
which have a high spire, belong to G. ko zlowskii. The similarity and affinities with other spe­
cies are discussed in a paper by BROTZEN and POZARYSKA (1961).
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Distribution. - Rare in lowermost Paleocene (Montian), very common in Middle Paleo­
cene, rare in uppermost Paleocene. Stated by HOFKER (1962) in Montian in Limburg.

Globigerina pseudobulloides PLUMMER, 1926

(Plate XXIII, figs. 2, 3)

1926. Globigerina pseudo-bul/oides PLUMMER ; H. J. PLUMMER. Foraminifera of the Midway , p. 133, pl. 8. fig. 9.
1941. Globigerina pseudo-bul/oide s PLUMMER; J. GROVER-MuRRAY, Midway microfauna p. 740.
1948. Globigerina pseudobul/oides PLUMMER; D. M. CHALI LOV, Stratigrafija .... p. 71 , pl, 3, fig. 1.
1953. Globigerina compressa PLUMMER var. pseudobul/oides PLUMMER ; N. N. SUBBOTlNA, G1obigerinidy .... p. 57,

pl. 2, fig. 7-14.
1955. Globigerina pseudobul/oides PLUMMER ; J. CUVILLIER et al ., Etudes p. 534, pl, I, fig. 1.
1956. Globigerina pseu'ttobul/oides PLUMMER ; J. HAYNES. Certain smaller p. 99. pI. 17, fig. 12.
1957. Globigerina pseudobul/oides PLUMM ER ; J. A. TROELSEN. Some planktonic Foraminifera ..., p. 128. pl . 30.

fig. 6-8.
1957. Globorotalia pseudobulloides (PLUMMER) ; A. R. LOEBLICH et al.• Studies in Forarninifera, p. 73, pl, 17 ;

fig. 19-21 ; p. 192. pl. 40. fig. 3. 8; pl. 41 , fig. 1; pl, 42. fig. 2; pl , 43. fig. 3; pl . 44. fig. 6; pl. 45, fig. 1; pl. 46,
fig. 6.

1957. Globorotalia pseudobul/oides (PLUMMER); R. A. REYMENT, Notes p, 84, pl , 15. fig. 18.
1959. Globorotalia pseudobul/oides PLUMMER ; M. M. MOSKVIN, Atlas p. 106. pl, 10, fig. 8.
1960. Globigerina pseudobul/oides PLUMMER ; D. M. CHALILOV, Datskij jarus ... . p. 141.
1960. Globorotalia pseudobul/oides (PLUMMER) ; R. K. OLSSON, Foraminifera ...• p. 46, pl. 9. fig. 19-21.
1960. Globigerina pseudobul/oides PLUMMER; M. V. KACARAVA. Planktonnye foraminifery p. 36, pl. 1, fig. 4.
1960a. Globigerina pseudobul/oides PLUMMER ; J. HOFKER, Le prob leme duDano-Paleocene , p. 120, pl. 2,fig. 1-6.
1960. Globigerina pseudobul/oides PLUMMER ; H. HILTERMANN& W. KOCH, Oberkreide-Biostratigraphie..., p . 73,

text-pl, 4.
1962. Globorotalia ( Turborotalia) pseudobul/oides (PLUMMER); W. A. BERGGREN. Some planktonicForaminifera ...,

p. 88. text-pi. 12, fig. 1-7, pl . 14. fig. 3.

Material. - About 40 specimens, well preserved .
Dimensions of 3 specimens (in mm.) :

Largest diameter of test
Shortest diameter of test
Height of test

1
0·26
0·25
0'10

2
0·27
0·22
0·14

3
0·36
0·33
0·23

Description. - Test small, trochospiral, bicon vex, spire low, periphery lobulate, broadly
rounded , chambers inflated, arranged in 21/ 2 whorls, 41/ 2 or 5 chambers in the last whorl,
increasing rapidly in size as add ed. Sutu res distinct, straight, depressed on both sides, deeper
on ventral side. Umbilicus fairly narrow, open . Aperture, a large , crescent opening under
a narrow lip and lying more or less centrally, extending from umbilicus towards periphery.
Wall distinctly perforated and finely reticulated .

Variation. - Significant , when specimens from different continents are compared. Topo­
types from Midway are not strictly the same as specimens from type locality of Danian stage
in Denmark (TRoELSEN, 1957), differing in several details, as size of umbilicus, character of
spire, aperture and so on.

Remarks. - Our specimens have less chambers (10) than the holotype (12) and sutures
straight on dorsal side, not so backward curved as in holotype. According to HOFKER (1962),
Globigerina pseudobulloides PLUMMER has developed from »true Globigerina (Globigerinella )
and is not related to Globorotalia«.
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Distribution. - Rare in Danian at G6ra Pulawska, more common in Montian at Bo­
chotnica, G6ra Pulawska and Pamietowo. Very common in Lower Danian in Denmark
(TRoELsEN, 1957). In Limburg it appears already in uppermost Maastrichtian (Md) , conti­
nuing up to Danian. Stated in Lo wer Paleocene in Tunis (HOFKER, 1961) and Nigeria
(REYMENT, 1957). This species occurs in Danian of many region s of U. S. S. R .

Globigerina (Subbotina) triloculinoides PLUMMER, 1926

(Plate XXII, figs. 2a-c)

1926. Globigerina triloculinoides PLUMMER; H. J. PLUMMER, Foraminifera of the Midway ... , p. 134, pl. 8, fig. 10·
1947. Globigerina triloculinoides PLUMMER ; N. N. SUBBOTlNA, Foraminifery dats kich ... , p. 102, pI. 5, fig. 29,30.
1948. Globigerina triloculinoides PLUMMER ; D. M. CHALlLOV, Stratigrafija ... , p, 71, pl. 3, fig. 2.
195I. Globigerina triloculinoides PLUMMER ; J. A. CUSHMAN, Paleocene Foraminifera ... , p. 60, pl. 17, fig. 10, I I.
1953. Globigerina triloculinoides PLUMMER ; N. N . SUBBOTlNA, Globigerinidy ... , p. 82, pl. 11, fig. 15; pl . 12, fig. 1. 2.
1955. Globigerina triloculinoides PLUMMER ; J . CUVILUER et aI., Etudes ... , p. 534, pl, 1, fig. 2.
1956. Globigerina triloculinoides PLUMMER ; J. HAYNES, Cert ain smaller. .. , p. 99, pI. 17, fig. 11, 15.
1957. Globigerina triloculinoides PLUMMER ; J. A. TROELSEN, Some planktonic Fo raminifera .. . , p. 129, pI. 30,

fig. 4.
1957. Globigerina triloculinoides PLUMMER ; A. R. LoEBLlCH et al., Studi es in Foraminifera, p. 183, pI. 15, fig. 18-20 ;

pl, 40, fig. 4 ; pl. 41, fig. 2 ; pI. 42, fig. 2 ; pl, 43, fig. 9 ; pl . 45, fig. 3 ; pI. 46, fig. I ; pl , 47, fig. 2.
1959. Globigerina triloculinoides PLUMMER ; M. M. MOSKVIN, Atlas ... , p. 106, pl. 10, fig. 9.
1959. Globigerina triloculinoides PLUMMER ; S. E. NAKKADY, Biostratigraph y ... , p. 461, pI. 3, fig. 5.
1960. Globigerina triloculinoides PLUMMER ; H. HILTERMANN& W. KOCH, Oberkreide-Biostratigraphie ... , p. 73.

text-pI. 4.
1960a. Globigerina triloculinoides PLUMMER;J. HOFKER, Le probleme du Dano-Paleoc ene .... p. 120, pl . 3, fig. 1-4.
1960. Globigerina triloculinoides PLUMMER; D . M. CHALlLOV, D atskij jarus ... , p. 141.
1960. Globigerina triloculinoides PLUMMER ; M. V. KACARAVA, Plankt onnye foraminifery ... , p. 38.
1960. Globigerina trilo culinoides PLUMMER ; R. K. OLSSON, Fo raminifera ... , p. 43, pl, 7, fig. 22-24.
1961. Subb otina triloculinoides (PLUMMER) ; F . BROTZEN& K. POZARYSKA, Foraminiferes du Paleocene ... , p. 160,

pl, 4, fig. 4.
1962. Globigerina (Subbot ina) triloculinoides PLUMMER; M. E. SCHMID, Die Fo ram iniferenfauna ... , p. 346, pI. 6,

fig. 3.
1962. Globigerina triloculin oides PLUMMER; W. A. BERGGREN, Some planktonic Foraminifera ... , p, 86, pl. 14.

fig. I, 2.

Material. - About 30 specimens, well preserved .
Dimension s of 4 specimens (in mm .):

J 2 3 4
Longest diameter of test 0·27 0·30 0·32 0·32
Shortest diameter of test 0·20 0·26 0·25 0·27
Height of test 0·20 0·19 0·21 0·22

Description. - Test sma ll, coiled spira l, trochoidal , composed of about 2 whorls.
31/ 2 chambers in last whorl , th e last chambers very rapidly increasing in size as added; strongly
inflated, highly gLobular chambers. Pe riphery very broadly rounded, distinctly lobular,
dorsal side with very low spire, ventral side with a sma ll, shallow, but distinct umbilicus .
Aperture, a small, arched slit with lip , extending fro m the periphery to the umbilical depres­
sion. Wall strongly reticulated , ra ther con spicuously.

Variation. - A highly variable species.
Remarks. - Our specimens do not differ from the holotype described from Midway

formation (PLUMMER, 1926). This species has been stud ied in detail by TROELSEN (1957) from
Denmark.
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Distribution. - Rare in Danian, only at Gora Pulawska. More common in Montian
at Bochotnica, G6ra Pulawska, Pam ietowo and Sochaczew. Rare in the basal Midway beds,
common in the upper Midway zone. Common in Danian of Denmark (in Upper Danian),
in Austria, Limburg, Egypt, where it appears as early as the Upper Maastrichtian. This spe­
cies is common in Danian , Paleocene and Lower Eocene of southern regions of U. S. S. R.
(CHALILOV, 1948-1960). Rare in Tuffeau de Ciply (Danian), but LOEBLICH and TAPPAN (1957)
showed that this species is limited to Paleocene strata (including Danian).

Globigerina trivialis SUBBOTINA, 1953

(Plate XXII, figs. 3a-c )

1953. Globigerina trivialis SUBBOTINA; N. N. SUBBOTINA, Globigerinidy ... , p. 64, pI. 4, fig. 4-6, not fig. 7, 8.
1959. Globigerina lrivialis SUBBOTINA; M. M. MOSKVIN, Atlas ... , p. 106, pl, 10, fig. 10.

Material. - Few specimens, well preserved .
Dimensions of 4 specimens (in mm.) :

I
Longest diameter of test 0·25
Shortest diameter of test 0·22
Height of test 0·16

2
0·25
0·24
0'18

3
0·26
0·22
0·15

4
0'34
0·24
0'19

Description. - Test trochoidal, biconvex, dorsal side convex, broadly rounded, the spire
low and broad, composed of about 2 whorls. Chambers strongly inflated, 4 in number in last
whorl, rapidly increasing in size, the last very swollen. Sutures distinct, deeply depressed.
Umbilicus small. Aperture, very narrow, slit-like opening into the umbilicus. Wall smooth,
coarsely perforated.

Variation. - Considerable; according to SUBBOTINA (1953), this species shows a high
degree of intraspecific variation. Some specimens have chambers very gradually increasing
in size, others - rapidly. Aperture, lying centrally just above the umbilicus, resembles that
of Globigerina bulloides D'ORBIGNY.

Remarks. - Our specimens differ from the holotype only in having more chambers
in spire. They are very clo se to specimens (figured on pI. IV, fig. 7) which are, according to
SUBBOTINA (1953), intermediat e fo rm s to tripartite ones, such as G. triloculinoides PLUMMER.
G. trivialis is thus th e ancest ra l species of G. eocaenica TERQuEM on the one hand, and on the
other of G. triloculinoides PLUMMER.

Distribution. - Rare in Danian and Montian at G6ra Pulawska and Parnietowo. This
species occurs in Maastrichtian and Danian in U. S. S. R.

Globigerina varianta SUBBOTINA, 1953

(Plate xxm, figs. 5a-c)

1953. Globigerina varianta SUBBOTINA ; N. N. SUBBOTINA, Globigerinidy ... , p. 63, pl , 3, fig. 5, 10-12; pI. 4. fig. 1-3 ;
pl. 15, fig. 1-3.

?l957 . Globorotalia varianta (SUBBOTINA) ; A. R. LOEBLICH et al., Studies in Foraminifera ... , p, 196, pl , 45, fig. 4.
1959. Globigerina varianta SUBBOTINA; M. M. MOSKVIN, Atlas ... , p. 106. pl, 10, fig. 7.
1960. Globigerina varianta SUBBOTINA ; M. V. KACARAvA, Planktonnye foraminifery p. 39, pl. 1, fig. 6.
1961. Globigerina sp. cf. G. varianta SUBBOTINA; J. P. H . KAAssCHIETER, Foraminifera , p, 236, pI. 15, fig. 9.10.
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Material. - A dozen or so specimens, well preserved.
Dimensions of 3 specimens (in mm.):

J
Longest diameter of test 0·22
Shortest diameter of test 0·19
Height of test 0·12

2
0·24
0·21
0·13

3
0·29
0·26
0'19

Description. - Test small, trochospiral, composed of 21/ 2 very low whorls. Outline
strongly lobulate. Dorsal side nearly flat, ventral convex. Chambers subglobular, inflated,
increasing rapidly in size as added , 4 in the last whorl, the last chamber strongly swollen.
Sutures distinct, straight, depressed. Small, deep umbilicus. Aperture, an elongated slit under
a lip, extending from the umbilicus towards periphery. Wall distinctly perforated, covered
with numerous small spines.

Variation. - Considerable; it applies to number of chambers in a whorl, to the develop­
ment of umbilicus which can be sometimes deep and large, sometimes less so, and to the lip
not always developed to the same degree and which is sometimes missing.

Remarks. - Our specimens do not differ from specimens described from northern Cau­
casus, however they differ from the holotype which has very large, distinct pores. The low spire
and number of chambers are the same. American specimens have larger umbilicus and more
chambers, 5-6 in the last whorl , instead of 4 as in Russian and Polish ones. This species is
most similar to Globigerina pseudobulloides PLUMMER. According to BERGGREN (1962), G. va­
rianta represents only the stratigraphically younger and morphologically more advanced(?)
forms of G. pseudobulloides.

Distribution. - Rare in Danian and Montian at Gora Pulawska , Pamietowo and Zy­
rzyn. Known from many regions of U. S. S. R., from Danian up to Middle Eocene. North
American specimens are tentatively included into this species. KAASSCHIETER (1961) described
this species, as common , from the Lower Eocene of Belgium.

Globigerina sp.

(Plate XXII, figs. I a-c)

Material. - A dozen or so specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·22
Shortest diameter of test 0·19
Height of test 0·12

Description. - Test small, plano-convex , closely coiled, peripheral margin broadly
rounded. Dorsal side flat, ventra l convex. Only few chambers in the spire, chambers inflated,
rapid ly increasing in size as added, 5 in number in last whorl , the last strongly swollen. Su­
tures depressed. Umbilicus narrow, deep. Aperture, a low arched opening , extending from
the umbilicus towards the periphery , bordered by a distinct lip. Wall smooth, very finely per­
forated.

Remarks. - This species has the character of Globorotalia or Planorotalia, resembling
G. compressa, but it has not acute chambers at the base.

.Distribution. - In Montian at Pamietowo.
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Family ANOMALINIDAE CUSHMAN, 1927

Genus ANOMALINA D'ORBIGNY, 1826

Anomalina burlingtonensis (JENNINGS, J936)

(Plate XXVI, figs. 3a- c, 4 a-c)
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1936. Cibicides burlingtonensis JENNINGS; P. H . JENNINGS, A microfauna ... , p. 39, pI. 5; fig. Sa-c.
1941. Cibicides burlingtonensis JENNINGS ; L. D . TOULMIN, Eocene smaller Foraminifera ... , p. 609, pl, 82, fig. 14. 15.
1948. Cibicides burlingtonensis JENNINGS ; F . BROTZEN, Th e Swedish Paleocene ... . p. 84, pI. 13, fig. 3.

Material. - Two hundred specimens, well preserved.
Dimensions of 2 specimens (in mm.):

Longest diameter of test
Sho rtest dia mete r of test
Height of test

1
A-form

0'26
0·18
0·10

2
B-form

0'44
0·37
0·18

Description. - Test small, piano-convex, completely involute on both sides in A-form,
compressed, peripheral margin bluntly acute, lobulate, ventral side slightly convex, dorsal ­
flat or even slightly concave. Chambers 6-7 in number in the last whorl, rapidly increasing in
size as added . The last chamber strongly inflated , sutures distinct, depressed, strongly curved.
A small , distinct central plug on both sides. Wall distinctly perforated. Aperture, a slit bor­
dered by a narrow lip, extending from the periphery towards dorsal side below the last form­
ed chamber.

Variation. - Insignificant ; it applies mainly to the general shape which can be round ,
or more elongated or less.

Remarks. - Our round specimens do not differ from the holotype described from the
Eocene of North America.

Distribution. - Common in Danian and Paleocene at Bochotnica and Gora Pulawska.
Common in Upper Maastrichtian and Danian of Limburg, and in Danian and Lower Paleo­
cene of Sweden and Denmark. Very common in the Eocene of North America.

Anomalina ekblomi (BROTZEN, 1948)

(p late XX VIT, figs. 6a-c)

1948. Cibicides ekb/omi BROTZEN ; F . BROTZEN, The Swedish Paleocene ... , p. 82, pI. 13, fig. 2a- c.
1954. Anomalina (Anomalina) ekb/omi (BRoTZEN) ; V. P. VASILENKO, Anomalinidy, p. 58, pl, 2, fig. Sa-v, 6a-v, Ta-b ,
1962. Gavelinella ek b/omi (BROTZEN) ; M. E. SCHMID, Die Foraminiferenfauna ... , p. 340, pl , 4, fig. 10.

Material. - Over 3 hundred specimens, well preserved .
Dimensions of an average specimen (in mm .) :

Longes t diameter of test 0·35
Shortest diameter of test 0'27
Height of test 0'14
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Description. - Test small, on both sides st rongly involut e. Peripheral margin rounded,
non lobulate. Spiral side convex, ventral side concave or nearly flat. 1.5-2 whorls on spiral
side, central part slightly depressed. 9-10 chambers in the last whorl. Sutures st rongly curv­
ed, transparent , distinct , limbate, slightly depressed between last chambers on spiral side.
On ventral side a distinct, narrow, deep umb ilicus. A small central plug on dorsal side. Aper­
ture interio-marginal at th e base of last chamber extending on ventral side towards the um­
bilicus, bordered by a narrow lip, with wider lobate lips around the umbilicus, at the base
of last 3 chambers. Wall th in, finely perforated , more on ventral side, less on dorsal.

Variation. - Not extensive; the general shape round or more or less oval. Ventral side
not often distinctly concave. Umbilicus open or, when lips are well developed , covered .

Remarks. - Our specimens are the same as the holotype figured by BROTZEN (1948)
and are similar to those from U. S. S. R. Anomalina ekblomi resembles Cibicides simplex ,
differing mainly in having limbate sutures, mostly distinguishable on ventral side, which is
commonly concave in C. ekblomi. Our tests are more distinctly perforated and sutures never
so raised as in C. simplex .

Distribution. - Very common in uppermost Maastrichtian, Danian and Paleocene in
all studied samples. Common in Lower Paleocene in Sweden and Denmark. Rare in upper­
most Maastrichtian of south regions of U. S. S. R., more common in the Danian and Paleo­
cene there.

Anomalina danica (BROTZEN, 1940)

(plate XXIV, figs. 1a-c, 2a-b, 3a-c)

1927. Anomalina grosserugosa G UMBEL; A. FRANKE, Foraminiferen und Ostracoden ... , p. 37, pI. 4, fig. 3.
1940. Cibicides danica BROTZEN; F . BROTZEN, Flintrannans ... , p . 31, pl, 7, fig. 2.
1944. Anomalina grosserugosa GUMBEL ; A . TEN D AM, Di e stratigraphische Gliederung , p, 130, pl, 5, fig. 2a-c.
1946. Anomalina granosa VAN BELLEN, non H ANTKEN; R. C. VAN BELLEN, Foraminifera , p. 74, pl, 11, fig. 4-6 .
1948. Anomalinoides danica (BROTZEN); F . BROTZEN, The Swed ish Paleocene ... , p . 87, pI. 14, fig. 1, text-fig. 22.
1948. Cibicides simplex BROTZEN; F . BROTZEN, Ibid., p. 83. pl, 13, fig. 5.
1950. Anomalina danica (BROTZEN); V. P. VASILENKO, Foraminifery paleocena ... , p. 211 , pl, 5, fig. 1.
1954. Anomalina {Anomalina) danica (BROTZEN); V. P. VASILENKO, Anomalinidy, p. 67, pl. 4, fig. 3.
1955. Gavelinelladanica (BROTZEN); J . HOFKER, Foraminifera from the Cretaceous ... , Ill, p. 49, fig. 1a-g, fig. 2a-e .
1959. Anomalinoides danicus (BROTZEN) ; S. E. NAKKADY, Biostratigraphy .. . , p. 463, pI. 5, fig. 2.
1960. Gavelinella danica (BROTZEN) ; H. HILTERMANN & W. KOCH, Oberkreide-Biostratigraphie ... , p. 75, pl. 4.
1961. Anomalina (Anomalina) grandis VASILENKO ; V. P . VASILENKO, Foraminifery verchnego me la ... , p, 108,

pl, 19, fig. 4.
1963. Anomalina danica (BROTZEN); O. K. KAPTARENKO-CERNOUSOVA et al., Atlas ... , p, 142, pI. 30, fig. 5.

Material. - Some hundred specimens, well preserved.
Dimensions of 3 specimens (in mm.):

1
Longest diameter of test 0 '56
Shortest diameter of test 0·45

Height of test 0'22

2
0 '55
0 '42

0'25

3
0'38
0·30

0'20

Description. - Test very thick, rounded or 'slightly oval, biconvex, sometimes spiral
side flattened, especially in young specimens and in the earlier part of the whorl. Peripheral
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margin broadly rounded, sometimes slightly lobulate. Seven chambers in the last whorl,
often invisible, the last more inflated. On both sides sutures depressed between last cham­
bers, non visible in the early portion of the last whorl. Umbilicus opened, shallow. Aperture
at the base of the last formed chamber, extending to the centre of test along last 3-4 cham­
bers, and bordered by a lip. Wall thick, coarsely distinctly porous on both sides. Wall's sur­
face covered with numerous protuberances, like small, flat, irregular knobs.

Variation. - Intraspecific, considerable; it applies not only to the size and to general
shape of test, but also to the degree of development of the surface relief. Wall is sometimes
very thick , sutures quite invisible, protuberances strongly developed.

Remarks. - Our specimens differ from the holotype only in having more rounded
peripheral margin.

Distribution. - Known from uppermost Maastrichtian, Danian and Paleocene not
only from many regions of North Europe, but also from some Mediterranean regions. Very
common in uppermost Maastrichtian, Danian and Montian in all studied samples from
Poland.

Anomalina praeacuta VASILENKO, 1954

(Plate XXVIII , figs. 2a-e)

pars 1937. Anomalina aeuta PLUMMER ; M. F. GLAESSNER, Stud ien tiber Foraminiferen ... , p. 386, pI. 5, fig. 39.
1948. Anomalinoides aeuta (PLUMMER) ; F. BROTZEN, The Swedish Paleocene ... , p. 87, pl, 14, fig. 2.
1950. Anomalina praeacuta VASILENKO; V. P. VASILENKO, Foraminifery paleocena ... , p. 208, pI. 5, fig. 2, 3.
1954. Anomalina (Pseudovalvulineria) praeacuta VASILENKO; V. P. VASILENKO, Anom alinidy, p. 111, pI. 16, fig. 1,2.
1963. Anomalina (Pseudovalvulineria) praeacuta VASILENKO; O. K. KAPTARENKO,CERNOUSOVA et al., Atlas ... ,

p. 143, pI. 30, fig. 4.

Material. - Some hundred specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0'44
Shortest diameter of test 0·35
Height of test O'I7

Description. - Test equally biconvex. Peripheral margin subacute, lobulate, 21/ 2 whorls
visible on dorsal side. Ventral side closely involute, with distinct, central, irregular plug and
consists of 12-15 chambers, moderately increasing in size as added . Sutures on ventral side,
curved, raised, limbate, thickening near the umbilicus. On dorsal side sutures depressed,
curved. A glossy plug in the middle of whorls. Aperture, a peripherical, narrow slit extending
along the last chambers on ventral side. Wall finely perforated.

Variation. - Considerable; it applies to general size of specimens, to the development
of plugs and to whorls on dorsal side not being always visible. Some specimens have more
or less rounded peripheral margin, some acute or subacute.

Remarks. - Our specimens are similar with the holotype described from the Paleocene
of Donetz Basin, but differ only in having depressed, and not raised sutures on dorsal side.
This species is closely related to Anomalina acuta PLUMMER which appears in higher horizons.

Distribution. - Very common in Upper Maastrichtian, Danian and Montian in almost
all studied samples. Common in Danian and Paleocene of south regions of U. S. S. R.
Palaeont olog ia Polonica No . 14 9
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Genus CIBICIDES MONTFORT, 1808

Cibicidcs commatus MOROZOVA, 1954

(Plate XXVII, figs. 3 a-c)

?1945 . Cibicides carrascalensis COLOM; G . COLOM, Estud io prel iminar ... , p . 78, pI. 3, fig. 46-52 (fi de ELLIS& M ESSINA,
Ca tal. o f Foraminifera).

1954. Cibicides ( Cibicidoides) comma /us MOROZOVA n. sp . ; V. P. VASILENKO, A no malin idy, p . 158, pI. 26, fig. 2.
1956. A nomalina misrensis SAID & K ENAWY; R . SAID& A . K ENAWY, Upper Cretaceou s .. . , p . 153, pI. 6, fig . 22a-c.

Material. - Over two hundred specimens, well pre served .
Dimensions of 2 specimens (in mm .):

1 2
Lon gest diamet er of test 0 ·47 0·51
Shortes t diameter of test 0 ·39 0·4 4
H eight of test 0·21 0·22

Description. - Test lenti cular, coiled involute, nearly equally biconvex, composed of
3 whorls. Chambers numerous, moderately increasing in size as added, in last whorl up to
10-12 in number. Di stin ct, transparent , glassy plugs on both sides. Sutures distinct , limbate, on
spiral side rai sed in early portion , depressed between last chambers. On spiral side, around
central plug, there are ring-like lobs formed by thickening of inner part of sutur es. On ventral
side sutures transparent, flat , depressed in last chambers. Peripheral margin blunt, angular,
keeled. Aperture at the base of last chamber at periphery, extending on spiral side. Test
coarsely, distinctly perforated on spiral side.

Variation. - Considerable in size, as well as in general shape. Some specimens are flat­
tened on ventral side, others on spiral side . The central plug on spiral side is generally rough,
more or less coarsely sometimes pitted . The thickening of sutures on spiral side is not always
distinctly marked.

Remarks. - Some specimens of Cibicides commatus are very similar to C. proprius,
but the sutures of the latter are never rai sed. The similar ity between them is especially visible
on ventra l side , where C. proprius has a well developed central plug. In C. proprius the plug
on spiral side is smooth, never as coarsely pitted as in C. commatus, and without lobs around
the central plug. Our specimens are very similar to the holotype described by VASILENKO
(1954).

Distribution. - Very common in Upper Maastrichtian , Danian and Paleocene in all
samples from all studied localities, except Pamietowo, Common in uppermost Maastrichtian
and Danian of south regions of U. S. S. R. and in Paleocene of Denmark (Kertemindemarl).

Cibicides cf. cryptomphalus hercegovinensis D E WIIT P UYT, 1941

(Plate XXVI , figs. 1a-c)

1941. Cibicides cryptomphalus (Rsuss) var, hercegovinensis DE W ITT P UYT; J. F. C. DE W ITT P UYT, Geologische

und palaontologische Beschreibung .. . (fide E LLIS & M ESSINA, Cata l. of Foraminifera).
no n 1944. Cibicides cryptomphalus (REUSS) va r. hercegovinensis DEWITT P UYT; A. TEND AM, D ie stratigraphische G lie­

derung .. . , p. 132, pI. 5, fig. 9.
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Material. - About one hundred specimens.
Dimensions of an average specimen (in' mm.):

Longest diameter of test 0·70
Shortest diameter of test O'59
Height of test 0·25
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Description. - Test large, plano-convex, or even dorsal side slightly concave. Peripheral
margin acute, bluntly keeled. Outline slightly oval, non lobulate in the early portion of last
whorl, slightly lobulate at the remainder of last whorl. Chambers distinct, 10-11 in number
in last whorl, sutures transparent, raised and slightly limbate on both sides, especially near
the middle of test. Umbilicus large, filled by a distinct central plug on ventral side, while on
dorsal side a small, finely dropped plug is developed. Wall smooth, coarsely perforated on
both sides. Aperture, a narrow slit at the base of last formed chamber, extending along the
base of about three last chambers on dorsal side.

Variation. - Insignificant; it applies mainly to the general shape and to the size of cen­
tral dorsal plug, which can be more developed or less.

Remarks. - Our specimens differ from the holotype, described from Eocene of Yugo­
slavia, in having flattened, not convex, dorsal side and smaller central plug on dorsal side.
The specimen figured by TEN DAM seems to belong to Cibicides succedens BROTZEN, because
it has, as suggested by BROTZEN (1948, p. 81), well developed central plug on both sides and
similar general shape of test.

Distribution. - Common in Montian at Bochotnica, Parnietowo, Sochaczew and Zy­
rzyn.

Cibicides hemicompressus MOROZOVA, 1954

(Plate XXV, figs. 3a-c)

1954. Cibicides (Gemellides) hemicompressus MOROZOVA n. sp.; V. P. VASILENKO, Anomalinidy, p. 190, pl, 33,
fig. 5.

1960. Cibicides hemicompressus MOROZOVA; E. K. SUCKAJA, Foraminifery verchnego paleocena ... , p. 257, pI. 5,
fig. 7 (earlier synonymy included).

1961. Cibicides hemicompressus MOROZOVA; G. E. A!ZENSTADT& 1. A. PlNCUK. Opornye skvaziny .... p. 215.

Material. - 15 specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·53
Shortest diameter of test 0'46
Height of test 0'23

Description. - Test large, equally biconvex, outline round, considerably lobular,
peripheral margin subacute, chambers inflated, 7 in number in last whorl. Sutures distinct,
depressed, radial on dorsal side, slightly curved on ventral. A large, finely dropped central
boss on dorsal side, ventral side depressed in the middle. Wall coarsely perforated on
dorsal side. Aperture on the periphery, at the base of last formed chamber, extending on dor­
sal side along about 4 last chambers and bordered by a narrow lip, penetrating into sutures.

Variation. - Not known, due to scarcity of material.
9*
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Remarks. - Our specimens differ from the holotype, described from the Danian of
Caucasus, by having more strongly lobulate outline, more compressed test and lackin g of
a central plug on ventral side. Our specimens are very similar to those described by SUCKAJA
(1960) from the Upper Paleocene of Crimea, however they differ only in having less cham­
bers in the last whorl (7 instead of 9), and in not having visible inner sp iral sutures on dorsal
side. The comparison with other species and infraspecific variation was discussed in detail
by SUCKAJA (1960).

Distribution. - This species occurs in Danian and Montian only at G6ra Pulawska.
Known from the Danian, Paleocene and Lower Eocene of south regions of U. S. S. R.

Cibicides lectus VASILENKO, 1950

(Plate XXV, fig. 2a- e)

1950. Cibicides lee/lis V ASILENKO ; V . P. VAS ILENKO, Foraminifery paleocena ... , p. 218, pl. 6, fig. 2, 3.
pars 1948. Cibicides succedens BROTZEN ; F. BROTZ EN, The Swedish Paleocene ... , p. 80, pl , 12, fig. 1 (non 2).

1954. Cibicides (Cibicidoides) lee/lis V ASILENKO ; V . P. V ASILENKO, Ano malinidy, p. 165, pl. 28, fig. 6, 7.
1963. Cibicides ( Ctbicidoides) lee/lis V ASILENKO ; 0 . K. KAPTARENKO-C ERNOUSOVA, Atlas ... , p. 145, pl, 30, fig. 6.

Material. - Over one hundred specimens.
Dimensions of two specimens (in mm .) :

1 2
Longest diameter of test 0·57 0'50
Shortest diameter of test 0'50 0·41
Height of test 0·24 0·21

Description. - Test large, involute, pIano-convex or biconvex. Peripheral margin acute,
non lobulate. Chambers distinct, moderately increasing in size as added, 9-10 in number in
last whorl. Sutures strongly curved , very slightly depre ssed on ventral side, with a small cen­
tral plug. Sutures on dorsal side raised , joining in the middle, forming the irregular, drop­
ped boss. Aperture, a slit on the periphery, extending towards the dorsal side. Wall coarsely
poreous on dorsal side, finely poreous on ventral.

Variation. - Considerable; it applies mainly to size and to degree of development of
central bo ss, which can be large, with irregular cavities and additional apertures around its
periphery, or can be small, without additional apertu res.

Remarks. - Our specimens do not differ from the holotype described from Montian
of Donetz Basin. Specimens figured by BROTZEN (1948, pl. 12, fig. 1), described as Cibicides
succedens, seems to belong to C. lectus VASILENKO, because it has a very small central plug
on ventral side and a very characteristic, dropped boss on dorsal side, instead of a smooth,
large plug as in C. succedens. Septal sutures in specimen figured by BROTZEN on dorsal side
are raised and somewhat limbate, thickening into the middle of test, whereas in typical
C. succedens they are flush with surface.

Distribution. - Common in Montian at Bochotnica, G6ra Pulawska , Pamietowo, So­
chaczew and Zyrzyn , This species occurs in Montian of Rus sian Platform, Denmark, Swe­
den , the Netherlands and Pari s Basin (P. MARIE, oral information).
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Cibicides mammillatus BROTZEN, 1948

(Plate XXVII , figs. 4a-c)

1948. Cibicides mam millatus BROTZ EN ; F. BROTZEN, The Swedish Paleocene ... , p. 81, pI. 10, fig. 15.

Matecial. - Few specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0'30
Shortest diameter of test 0·26
Height of test 0.13
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Description. - Test small, biconvex or conoid, compressed, peripheral margin acute
or subacute. Ventral side flat, even slightly concave. Dorsal side convex, with more than
3 whorls. Sutures thickened, the last one depressed. A small, transparent, slightly elevated
plug covers the inner whorls on dorsal side. A shallow umbilicus, sometimes filled, 9 cham­
bers in the last whorl , on ventral side. Aperture at the base of last chamber, extending towards
umbilicus along the last 3 or 4 chambers.

Variation. - Not known, due to scarcity of material.
Remarks. - Our specimens do not differ from the holotype.
Distribution. - Very rare in Montian in Polish material. This species occurs in Lower

Paleocene of Sweden and possibly in Montian of Paris Basin (P. MARIE, oral information).

Cibicides ornatus VAN BELLEN, 1946, emend. POZARYSKA, 1965

(Plate XXV, figs. I a-c)

1946. Cibicides choctavensis C USHMAN & M CGLAMERY var. ornata VAN B ELLEN ; R. C. VAN B ELLEN, Foraminifera ... ,
p. 79, pI. 12, fig. 7-9.

Material. - About one hundred specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0'39
Shortest diameter of test 0'32
Height of test 0·16

Description. - Test pIano-convex, involute on both sides , ventral side strongly convex,
distinctly depressed in the middle, dorsal side flat or sometimes slightly concave. Peripheral
margin bluntly angulated, with a narrow, broadly rounded keel , very slightly lobulate along
last two chambers . Chambers distinct, slightly inflated on ventral side, moderately increasing
in size as added, 9-10 in number in last whorl. Sutures gently depressed, strongly curved and
limbate on dorsal side, raised near the centre. Wall fairly perforated. Aperture at the periphery,
at the base of last formed chamber, extending on dorsal side, penetrating into sutures be­
tween last chambers. Aperture bordered by a lip.

Variation. - Considerable; it applies to general size. In large specimens, sutures are
not visible on dorsal side, aperture slit strongly developed reaching the centre of test of dorsal
side. The adult specimens a re coarsely perforated.

Remarks. - Our specimens do not differ from the holotype described by VAN BELLEN
(1946), but it seems that th ey differ strongly from Cibicides choctavensis described by CUSHMAN
and MCGLAMERY (1938), therefore it would be justified to erect new species C. ornata VAN
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BELLEN. C. choctavensis CUSHMAN & Mc. GLAMERY has more chambers in the last whorl (101/ 2)

and visible inner coils on dorsal side.
Distribution. - Common in Danian, but only at Pamietowo and in Montian at Pa­

mietowo, Gora Pulawska and Sochaczew. Known from Montian at Limburg region and
probably in Montian of Paris Basin (P. MARIE, oral information).

Cibicides proprius (BROTZEN, 1948)

(Pla te XXVII. figs. 1a-c. Sa-c)

1948. Cibicidoides proprius BROTZEN ; F. BROTZEN. The Swedish Paleocene ... , p, 78, pI. 12. fig. 3, 4.
11948. Cibicides ex gr, spiropunctatus GALL. & MORR. ; D. M. CHALILOV. Stratigrafija ... . p. 87, pl . 6. fig. 5.
1954. Cibicides (Cibicidoides) proprius BROTZEN ; V. P. VASILENKO, Anomalinidy, p. 168. pl, 29, fig. 1,2.
1957. Cibicides (Cibicidoides) proprius BROTZEN; A. WOOD & J. HAYNES, Certain smal1er p. 46. pI. 5, fig. 1.2.
1960. Cibicides proprius BROTZEN; E. K. SUCKAJA. Foraminifery verchnego paleocena p. 255. pI. 5. fig. 3-5.

Material. - About hundred specimens, well preserved.
Dimensions of 2 specimens (in mm.):

1 2
Longest diameter of test 0·34 0·44
Shortest diameter of test 0·30 0'35
Height of test 0·17 0·14

Description. - One of the largest species of Cibicides known in Polish material. Test
. biconvex, the ventral side more convex than the dorsal. Peripheral margin broadly rounded

or bluntly acute, slightly lobulate. 8-9 chambers in the last whorl. On dorsal side distinct,
dropped central plug. Ventral side bears a small transparent plug. 21/ 2 whorls often not visible.
Sutures curved, depressed between last chambers on both sides, remaining raised on dorsal
side. Test distinctly perforated on dorsal side. Aperture on peripheral margin, extending on
ventral side along 3-4 last chambers.

Variation. - Considerable; it applies to general size of specimens as well as to the size
of central plugs.

Remarks. - Our specimens do not differ from the holotype figured by BROTZEN (1948).
Cibicides proprius is very similar to C. spiropunctatus GALLOWAY & MORREY, described from
late Cretaceous of Mexico, and seems to be closely related with it. The latter is less lobulate,
has not depressed sutures and a larger, more prominent ventral plug (see BERMUDEZ, 1949).

Distribution. - Common in Danian and Montian at Bochotnica, Boryszew, Gora Pu­
lawska, Pamietowo and Sochaczew. Known from Swedish, Danish and Dutch Danian and
Paleocene, from Danian and Paleocene of south regions of U . S. S. R. , from Montian of
Paris Basin (P. MARIE, oral information) and Thanet beds (England).

Cibicides sahlstroemi BROTZEN, 1948

(Plate XXVII. figs. 2a-c)

1948. Cibicides sahlstriimi BROTZEN; F. BROTZEN. The Swedish Paleocene ... . p . 85. pl . 17. fig. 1.

Material. - Some hundred specimens, well preserved.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·18
Shortest diameter of test 0·16
Height of test 0·06
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Description. - The smallest known species of Cibicides, less than 0.2 mm. in diameter.
Dorsal side convex, ventral , flat or even slightly concave. 21/ 2 whorls, up to 3, visible on dorsal
side. 10-11 chambers in last whorl. Peripheral margin more or less acute, slightly lobulate,
especially in the last chambers. Sutures slightly curved, distinctly rai sed on dorsal side, the
spiral suture as well as the septal, sutures between last chambers depressed on both sides.
Umbilical plug distinct and large. Aperture, very narrow slit at the base of last 3 chambers,
extending on dorsal side. Wall finely perforated on both sides .

Variation. - Not considerable; thi s applies mostly to ornamentation which obscures
the proper plan of test.

Remarks. - Our specimens are more flattened than the holotype, described from
Swedish Paleocene (BROTZEN, 1948), being much more similar to topotypes from Klagshamn.

Distribution. - Thi s species was known up to now only from Paleocene of Sweden.
Common in uppermost Maastrichtian, Danian and Montian in almost all studied borings
and outcrops in Poland .

Cibicides simplex BROTZEN, 1948

(Plate XXVI, figs. 2 a-c)

1948. Cibicides {Cibicidoides) simplex BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p, 83, pI. 13, fig. 4,
non fig. Sa-c.

?1960. Anomalina simplex (B ROTZEN); E. K. SUCKAJA, Foraminifery verchnego paleocena ... , p. 250, pI. 3, fig. 1,2.
1960. Cibicides simplex BROTZEN ; R. K. OLS SON, Foraminifera ... , p. 53, pl, 12, fig. 7-9.

Material. - Some hundred specimens, well pre served.
Dimensions of an average specimen (in mm.):

Longest diameter of test 0·70
Shortest diamete r of test 0·60
Height of test 0'25

Description. - Test pIano-convex. Dorsal side flat or even slightly convex. Ventral
side moderately convex. Coiled involute, the inner whorls not visible. 10-11 chambers in the
last whorl. Sutures very strongly curved, limbate and raised on both sides, especially on
dorsal side. Sutures slightly depressed between last chambers on ventral side. Peripheral mar­
gin angular. Aperture arched at the base of last chamber, extending on dorsal side, bordered
sometimes by a narrow lip . Wall coarsely perforated on dorsal side.

Variation. - Insignificant. A highly distinctive species.
Remarks. - Our specimens are very similar to the holotype, described from the Swedish

Paleocene (BROTZEN, 1948) and to topotypes from Klagshamn. The similarity of C. simplex
with Anomalina ekblomi (BROTZEN) and another species was described in detail by BROTZEN
(1948, p. 83). In our opinion C. simplex is close to C. mammillatus BROTZEN, in which the
ventral side possesses a central transparent plug, covering inner whorls.

Distribution. - Common in Upper Cretaceous and Danian. Not so common in Mon­
tian . Kn own from Sweden and North America, possibly from Montian of Paris Basin
(P. MARIE, oral informat ion) and Upper Paleocene of the Crimea (SUCKAJA, 1960).
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Cibicides succedens BROTZEN, 1948

(Plate XXVIII, figs. I , 5)

1944. Cibicides cryptomphalus (REUSS) var. hercegovinensis OEWrrr PUYT; A. TEN DAM, Die stratigraphische
Gliederung .. . , p . 132, pI. 5, fig. 9.

1948. Cibicides succeden s BROTZEN; F. BROTZEN, The Swedish Paleocene ... , p. 80, fig. 2. pl . 12, not fig. I.
1953. Cibicides succedens BROTZEN; N. K. BYKOVA, Foraminifery .. . , p. 94, pI. 5, fig. 2, not fig. I.
1954. Cibieides (Cibicidoides ) sueeedens BROTZEN ; V. P. VASILENKO, Anomalinidy, p. 159, pl. 27, fig. 5, 6.
1957. Cibicides (Cibicidina) sueeedens BROTZEN; A. WOOO & J. HAYNES, Certain smaller ... , p. 50, pl. 5, fig. 6, 7.
1960. Cibicides ( Cibicidina) sueeedens BROTZEN ; A. ROUVILLOIS, Le Thanetien du Bassin de Paris, p, 76, pl. 4,

fig. 59.
1960. Cibieides suecedens BROTZEN; R . K. OLSSON, Foraminifera .. . , p, 53, pl. 12, fig. 10-12.
1963. Gavelinopsis sueeedens (BROTZEN); J. HOFKER, Foraminifera from the Cretaceous ... , LXIII, p . 7, text-fig. 5.

Material. - Some hundred specimens, well preserved.
Dimensions of 2 specimens (in mm.):

1 2
Longest diameter of test 0 '50 0'50
Shortest diameter of test 0·47 0·40
Height of test 0·30 0·25

Description. - Test strongly convex on ventral side, flattened or slightly convex on the
dorsal. Distinct, large, transparent plugs on both sides, covering inner whorls. The plug strongly
elevated on dorsal side. Peripheral margin acute, sometimes bluntly keeled. 9-10 chambers
in the last whorl. Sutures distinct, not raised, slightly depressed, strongly curved, transparent.
Aperture peripheral, extending along 3 chambers on dorsal side. Wall smooth, glossy, finely
perforated on dorsal side, more distinctly on ventral side.

Variation. - Applies mainly to general shape which can be pIano-convex, or more or
less biconvex. The plug sometimes is very small (in specimens not very high), sometimes very
large (in high specimens).

Remarks. - Cibicides sueeedens BROTZEN is, on the one hand , very similar to C. leetus
VASILENKO (see C. leetus, p. 132), and on the other, to C. voltziana (O'ORB.). The young speci­
mens of C. voltziana (O'ORB.) are very similar to C. sueeedens, especially to the plana-convex
specimens of the latter. Adult specimens differ from C. sueeedens in general shape, being al­
ways biconvex, generally bigger and lacking a plug on ventral side.

Distribution. - Cibicides sueeedens is very common in Montian in Europe, as well as
in America. According to BROTZEN'S paper (1948), it is closely related to C. voltziana from
the Maastrichtian and Danian.

Cibicides voltzianus (O'ORBIGNY, 1840)

(Plate XXVIII, figs. 4a-e)

1840. Rotalina (Rotalina) voltziana O'ORBlGNY ; A. O'ORBIGNY, Memoire sur les Foraminiferes ... , p . 31, pI. 2,
fig. 32-34.

1937. Planulina voltziana (O'ORBIGNY, 1840); N. A . KAUNIN, Foraminifera .. . , p. 56; pl , 8, fig. 118·120.
?I 940. Cibicides vo/tziana O'ORBIGNY; F . BROTZEN, Flintrannans ... , p . 24, text-pl. 7, fig. 3.
1941. Cibicides Voltziana O'ORBIGNY, var. dentieu/ata MARIE; P. MARIE, Les Foraminiferes ... , p. 248, pI. 37,

fig. 348-349.
11953. Cibicides libycus LE Rov: L. W. LE Rov, Biostratigraphy ... , p . 24, pl , 5, fig. 1-3.
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1954. Cibicides ( Cibicidoides) voltzianus (ORBIGNV) emend . MARIE; V. P. VASILENKO, Anoma linidy, p. 154,
pI. 25, fig. 3, 4.

1956a. Gavelinopsis voltziana (O'ORBIGNY) ; J . HOFKER, Les Foraminiferes ... , p, 197, fig. 45 (on p. 221).
1957. Gavelinopsis voltziana (O'ORBlGNV) ; J. HOFKER, Foraminiferen ... , p. 336, text-fig. 387, 388.
1961. Gavelinopsis voltziana (O'ORBlGNV) ; J. HOFKER, Die Forarniniferen-Fauna der Gruben Hemmoor und

Basbeck, p. 141, text-fig. 10.
1961. Cibicides ( Cibicidoides) voltz ianus (ORBIGNV) emend. MARIE; V. S. AKIMEC, Stratigrafij a i foraminifery ... ,

p. 171, pI. 17, fig. 4, 5.
1963. Cibicides ( Cibicidoides) voltzianus (ORBIGN V) ; O. K . KAPTARENKO-CERNOUSOVA et al., Atlas ... , p. 99,

pl , 24, fig. 1.

Material. - About hundred specimens, well preserved.
Dimensions of an average specimen (in mm.) :

Longest diameter of test 0'50
Shortest diameter of test 0·40
Height of test 0·20

Description. - Test large, biconvex, compressed, peripheral margin acute, bluntly
keeled, lobulate, chambers slightly inflated , gradually increasing in size as add ed, 9 in number
in last whorl. Sutures distinct, limbate, depressed on ly between last chambers, being somewhat
sickled. Distinct, glossy umbilical plug on ventral side, more prominent tha n central, drop­
ped plug on dorsal side. Wall coa rsely perforated on do rsal side, finely perforated on ventra l.
Aperture on the periphery extending alon g two last chambers on dorsal side, bordered by
an unporeous, distinct lip.

Variation. - Considerable; it applies to general shape and size and to the degree of
development of plugs.

Remarks. - Thi s species is similar, on th e one hand, to Cibicides spiropunctatus GAL­
LOWAY& MORREY from Upper Cretaceous, and on the other ha nd, to C. proprius BROTZEN
from Danian and Montian. It differs in having more compressed test, less acute and having
lobulate peripheral margin and more inflated chambers. In comparison with the holotype,
our specimens have a more blunted periphery, less visible or quite obscured and invisible
inner coils on dorsal side, and more curved sutures on vent ral. The last chamber in holotype
is more strongly inflated. BROTZEN (1948) suggests that Cibicides succedens from Paleocene
is closely related to C. voltzianus (D'ORBIGNY). HOFKER supposes that C. voltz ianus is restricted
rather up to Maastrichtian, while in Danian Gavelinopsis involuta (REUSS) is developed.

Distribution. - This species occurs commonly in Upper Maastrichtian in all studied
borings and quarries, rarely in Danian at Bochotnica, Sochaczew and Zyrzyn. Known in
Upper Cretaceous mainly from Upper Campanian - Ma astrichtian of Paris Basin, Belgium ,
the Netherlands, Germany, Sweden, North America and sout h regions of U . S. S. R.

Cibicides sp.

(Plate XXVIII, figs. 3a-c)

Material. - About 30 specimens; the last chamber often damaged.
Dimensions of 2 specimens (in mm.):

I 2
Longest diameter of test 0·28 0'25
Shortest diameter of test 0'24 0'22
Height of test 0·10 0·09
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Description. - Test small, piano-convex, slightly lobulate in outline, especially at the
end of the last whorl. Per ipheral margin angular. Dorsal side bear s small umbonal plug, sur­
rounded - as a rul e - by a na rrow slit, penetrating between chamber margins and forming
a sta r-like pattern. Ventral side with the centra l portion slightly depressed and sometimes
with small plug. Chambers distin ct, 10-12 in number in the adult whorl, increasing gradually
in size as added. Sutures distinct, slightly depre ssed, almost radial on ventral side, but rai sed ,
thickened near central part of test at the beginning, curved on dorsal side. Wall smooth ven­
trally, but finely perforat ed dorsally. Ap erture at the base of last formed chamber, at the pe­
riphery, with a very slight lip, extending over into the dorsal side.

Variation. - Not considerable; it applies to general size and the development of the
star-like pattern in central part of dorsal side .

Remarks. - This highly distinctive species is not similar to any kno wn Cibicides spe­
cies. It seems to be a new species.

Distribution. - Rare in Danian at Pamie towo, and in Montian at G6ra Pulawska,
Pamietowo and Sochaczew.

Genu s KARRERIA RZEHAK, 1891

Karreria fallax RZEHAK, 1891

(Plate XIX , figs. 3, 4)

1891. Karreria /allax RZEHAK; A. R ZEHAK, Di e Fo ra miniferenfa una ... , p. 4, pl, 7, fig. 7a-c, 8a-b.
1927. Karreria fa llax R ZEHAK ; A. FRANKE, Di e Foraminiferen und Ostrak oden ... , p. 40, pI. 4, fig. 7a-b.
1948. Karreria/allax RZEHAK; F . BROTZEN, Th e Swedish Paleocene ... , p. 114, pl, 18, fig. 3, text-fig. 34, 35 (1-14),

36, 37.
1957. Karreria fa llax R ZEHAK; J. HOFKER, Foraminifera fro m the Cretaceou s , XX VII, p. 98, fig. I , 2.
1961. Karreria fa llax R ZEHAK; V. P. VASILENKO, Foraminifery verchnego mela , p. 144, pl. 29, fig. 5 ; pl. 30,

fig. 1-4 ; pl , 31, fig. 1, 2.
1962. Karreria /allax R ZEHAK; M. E. SCHMID, Di e Forarniniferenfauna ... , p. 345, pI. 5, fig. 5.

Material. - Some hundred specimens, well preserved .
Dimensions of 2 specimens (in mm .) :

1 2
Lo ngest diameter of test 0' 48 0'70
Sho rtest diameter of test 0·40 0·65
Height of test 0,30 0·40

Description. - Test rou nded or elongated, piano-convex, evolute on dorsal side which
can be flat or concave, involu te on ventral side which is strongly convex. Peripheral margin
rounded, outline distinctly lobate. Cha mbers distinct , inflated, triangular in general shape,
except the last one which is more strongly swollen, six in number on dorsal side, five on ven­
tral. In th e adult often arra nged rectilinearly. Sutures distinct, radiating from the cen­
tre, deeply depressed, curved on ventral side. Umbilical depres sion rather small or often
ab sent. Wall smooth, thick. Ap erture, round or elongated area, rather large , at the base of the
last formed chamber. Sometimes two or more openings situated near the periphery.

Variation. - Considerable, applies mainly to general shape of test, coiled or rectilinear,
and to chambers. Intraspecific variation was discussed in detail and figured by BROTZEN
(1948), HOFKER (1957) and VASILENKO (1961).
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Remarks. - The affinities between Karreria fallax and Cibicides beaumontianus were
discussed by the three above mentioned authors. Our specimens do not differ from the holo­
type, described by RZEHAK from the Danian of Austria (BROTZEN, 1948, p. 114), earlier de­
scribed as Lower Tertiary ( R ZEHAK, 1891).

Distribution. - Very common in Danian and in Montian at Bochotnica, Boryszew,
G6ra Pulawska, Nasilow, Pamietowo, Sochaczew and Zyrzyn, Common in Danian and Montian
in other countries.
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cristata, Angulogerina (Uvigerina } 100

crypto mpha lus hercegovinensis, Cibicide s cf. 14, 130 , 136, PI. XX VI
cunea ta , Angulogerina . 14. 23 , 43. 99 . PI. XV

curta, Bolivlnoldes • . . 20
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fr ankei , A tuxophragm ium
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Frank eina ...
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eurlandt, Cristellaria
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eobultotdes, Globis vrino
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daubjergens is, Globigcrin oides

dcadcricki, Loxostom um
dvgo lye ri, Crist ellar ia
dego lyeri, Lenttcul lna
d egol yer i, R obulu s .

Dcntati na . , . . .
dioscuriae, Echtnocorvs

Dlscocy clina . , .
Oiscorbi s . . . .
discus, Planular ia.
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dorreeni, Botlvlnoldvs
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comp ressa. Globlgerina . . . . • 20, 26 . 32. 34 . 36. 38 , 39. 41

compressa var. pseudobulloides , Globigeri na 123
contpressa, Glob oro ta lla . 32. 126
conlca, Globotruncana . . 38
con;co truncala . A carinina . 34. 41
conlcotrn ncata , Globorota lia 38, 4 1, 4 ::!.

conicotruncata prae pentacamerata, Glob orotalia . 38
Conocorbina . . . . . . . . . . . . . 105. 106

Conorbina? sp. o r eoconor bina sp. 105. PI. XVI
cons trlcm, Cibicidoides . . . . . . . 26
constr ictus, Discoscaphites , . , . . . 34
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convergens, Plecti na? . . 60 . 61, PI. III
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PI. X IX
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danicu , Gavelinella .
danica , Hercoglossa . .

danica, Tritax ia . . ,

dani cus, Bourget icrinus
danicus , Brissopneustes
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Chi loguem belina . . .
choctavensis, Clb icides ,
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Cibicides .
Cibicidcs vp.

cimbrlca, Psrudouvlg rrinu
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Fr ondicularia sp. . .

Frondicuta ria sp, A .

[ usiformis, Potynwmhin« .
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gibba , Gl o bulina . .
glbba , Polymorpha .

eirardana , Gy roidinu

gl udius, Cr istellaria .
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Globlgerina . . . .
Globiger ina sp.
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grunif eru , No nionina

graniferum, Nonion
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granula tus, Valeu aster,
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s rs t. Lent iculina ( A:-, w ("olw;) .

Guttulina . .
Gyroidinotaes .
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lmt ti , A llomorphinu .
hamata, Cris tr llaria .

ham ata , M urginulina
hamat a, Sa racenari a
hantken i, G u u u lina .
hav unens is, Astu colus cf .
havanc nsi s, M arglnul ina .

hemicomprcssus , Ci bicides .
I,em;co mprr...sus, Cibicides tGemclltde s)
trenuspnaera, Clbicldes . . . . . . . .
herccgovincnsts , cf. rryrnonmhalus , Ctbi cldes
he rupe nsis , Tyloc ldaris .

Het erohellx . . . .1
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ho fker i, Allo rnorphina
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inconstans , A carinina .
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incrass atu , Botivina , .

inrrussatu glguntea , Bulivlna .
tndolens is. Acarintna .
indolcnsi ... . Protobrissns . . .
intl ar a , Orbignyna .
infiato, Spirolina . .
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Iarvis i , Saraccnariu
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kcijzeri , M arssonetta . .
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tactea, GUtI"I;'1(I .

Iucvigat a , Gl andulina. . . . . .

kie vlgata, Xodosurla [ Gtandntinu t
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proprius, Cibicides {Cibicldoidesl
propriu s , Ciblcidoldes • . . .
prunella, Hemlaster , . . . .
p-eudobulloi des , Gl obiger ina

m oatu var , ruegensis , Bulimlna
ovatum ; Haplophr agm ium
ovatus, Echlnocorys : .
oxycolla , Gaudryina . .
oxv cc na . Ma rsson clla .
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pa leoce nica, Bulimina . . 14. ~3 . ~4 . ~6 . 37. 9H. PI. XV
palcocenica , Bu lim ina [Reussellu r , 9H
nateocenica , Nodosarella , • 0 • • 20
pa leocenica , Pleurostomella, . . . 14. ~O, 23
pal eocenica, Pseudop ol ymorphina H8. PI. XIII
paleocenlcus, Anunobacut ites : . . 26
pa leoc enicus , Astacolus . 14. ~6. 78. PI. X
Palmula , . . . . . . ~R. 79
papll/ata. TI",cidecl . . . . 31
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pur allelu, Pseudoglan d ulinu 73 , PI. IX
Pararotatiu , . 0 • • • 0 • • 118

parisien sis, Cla vulina , . . . . . 23, 54. P I. IV
parvula, Buliminella . 96, PI. XV
uarvuta, Praebullmina ; . 96
Patellinoides Z sp, 105
pedlfo rmis, Marginulina . 2J
perforatus, Globorotalltes II1
pe motus , Nu mmulites , . 3R
ncm texa, Cerat obulimlna ~8, 117
pertusa , Gavelinella , . :20, 21, 26

peterss oni; Bolivinoldes 23.26, 101
pindborgl, Aruyrotheca 30
plana ta , Itollvlnito • . . .. 10)

Planomalina (Gfot igerillelloides) 20
Planorota lia . . • . . 126
Plunu lar ia . . . . . . 28
ntanutatus . .Nu mmttli tes 39
Plect lna • • • • . . . 60
plena , Bullm ina 20 , ~I, 26
plummerac a rkansasana , Textula r ia SI , PI. I

"plummerae, Lo x ost omum cf. . 14, PI. XV
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plummerae; Textularia SI
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Poly mo rphlna sp. . . . . . . . . . . . . . . . . ~4 . 1'1. X II I
pommerana, Stcnstocina 0 25
po ntoni , G yro idi no ides ~~ . 108. PI. XVIII
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posselti , Crania 28
praeacutu, A ncmal ln u . 37 . 4 1. 129. PI. XXVII I

praeacllla . Anomalina (Pseudovatvuttncrt a) . . . 129
praccursor , N umm ul ites 3t\
pra ecnrsorta , A car in lna . . . . . . 34 . 37
Pro eg lobot runcana . . . . . . . 20
Praeg lobotruncunu {Hedbergellu } . ~O

praetubercullfera, Globo rota lio . . 119

prima. Elphldiella , . . . . . . . . 14. 26
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problema, Guttulinu . . . . ~O. 21. 23, 26. 30. 83 . 84, PI. X I1
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naheolensis, Lamarckina
naheolensis, Lingulina .
navarroana, Pulvinulinella
Neoconorblna, . . . . .
Neoconorbina sp. , Con orbin a ? sp. o r
nltlda, Gy roldina • . .
nob/ lis, Anomalinoidcs .
N odos aria :
No nion 0 •

N onlonella ,
No nio nella s po

Nummulltes 0

obliquus , Echinocorys 0 • 0 •

octocame rata, Gyroidina , 0 •

octoca mera ta , G yroid ino ides 0

odumi, Bolivina
oedurni, Bolivinita 0

oedumi, Tylocidar is .
Orb lgnyna • • • .
orchldea , Candit es
ornala . Clbiclde s .
orna tus, C ibici des
Osang ularla • • 0

osnabrugensis, Cr istellaria

o va ta , Bulimina .
Ol'Qt a, Echinocorys
OVOID, L ituola . .
ovata, Nonionella
ova ta, Orbignyna • .
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marginodenuuo, Globorotu tia {Truncorosutiu c ,

\/arginulina . . .
Marginulina sp. . .
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ma rlierei, Dlscorbis,
Ma rssonella . . . .
ntauriclana, Guembelibrio

ma ximus , Democrinus . .
meeterenae, Pseudoparrellu ,
megalopotitana , Dentallna .
megalopolitana• •Vodosaria .
rnegalopolitan a , Svenia . .
membranacea , Globorota lia,

mexiaensls, Sp iroplecta mmina
midwayens is , Adhaerentia . .
mi dwayensis, Alabamina . .
mldwayensis, Chlloguembelinu
mldwayens is, Robulus. . . .
nudwayensis var. trinltatensis , Dlscorbls ,

midwayen sis trinitatensis, M ississippina .
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minlmus, Eponldes .
mlsrensls, A nomallna
Mlsslsslpplna , • • .
mob ergi; Terebratula

mohreni, Arenobulimina
monmoutbensis, Dorothia 0

monmoutbensis, Verneuilin a 0

muensteri , Guttulina .
miinsteri, Polymorphlna

multlcostata, Dentallna
multlcost ata, Lagena 0

multlllneata, Dent allna
munierl, Coraster , . 0

muralis, Angulogerin a 0
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triloculinoides, Gl obigerina (Sub bot ina) .
triloculinoldes, Subb ot ina
trinitatensls , Mlsslssippina

triplex ; Acarinina . .
Tristix . . . . • . . . .
trivialis, G lobiger ina . .
troostae nodosa, No nionellu
troos tae ornamcntata , No nionetta .
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scanlca , Bolivinopsi s 24
schlotheimi , Dltrnpa , 30

seguenz iana , Flssurina . 23
sehnc nsis , Bolivina . . 26
selme nsis, Bolivinita 102
selmen sis, Eouvlgerina . 22
sclmensis, Tapp anina . 14, 2.1, 23, 24, 102, ])1. XV
semiimpressa, Cristellaria (Robulus) 66
serpcmtna, Hercoglo ssa 43

seunesi, Discocyc lina 43

S igmo mo rph ina , . . StJ

simp lex , Anomalina . 128, 135
simplex, Ci bici dcs. 20, 21, 24, 26, 32, 128, 135, PI. XXVI
simplex , Cibiddes ( Cibicidoides) . . . . . . . 135
soldanii, Gy roidina . . . . . . . . .. 1.07
so ldanll , Gyr oldinoldes . . . . . . . . 20. 21, 24, 107, 109
soldanii va r, octocamerata , Gyroidlnoides 20. 107, 101\
soldanii var. subangulata, Rotolla IOtoi
so ldadoensis, No nionella . 95
soluta , Sigmomorphina . 26, 30, 89. 9U. PI. XII
spbae rtca , Arenobulimlna 57
sphaer icus , Coraster 3~

Sp iroplectammlna , . . . 24 , 43, 4X
splropuncta tus, Cibicidcs , . 134, 137
strigillata , Ci tharina , . . 81
striatopuncta ta, Lagenu . 23
s tria to-radia tus, Hem ipneust vs . 31, 42
stuar ti , Globotr uncana 38
subangulata , Gy roidina . . 23, 108
subangu la ta, Gyroidino ides 21, 24, lOS, PI. XVIII
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