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MIDDLE OLIGOCENE MICROFOSSILS FROM THE POLISH
LOWLANDS: THEIR STRATIGRAPHICAL AND

PALEOGEOGRAPHICAL SIGNIFICANCE

Abstract. - Middle Oligocene foraminifer assemblage was found in core material
from several drillings made in the north-western Poland. This assemblage, consisting
of 74 species of both benthic and planktonic foraminifers, resembles that from the
stratotype of septarian clays from FRG and GDR. Its Middle Oligocene age is con­
firmed by calcareous nannoplankton dating (NP 24). The foraminifer assemblage was
related to that of the Middle Oligocene sea of the North-European furrow which
transgressed Poland as far as the Mid-Polish Anticlinorium which became its eastern
margin. Deposits of this age are represented by septarian clays in the Szczecin area
and quartz-glauconitic sands in the south-western (Fore-Sudetic Monocline) and
central Poland (Kujawy). The temperature of water this basin was relatively low.

INTRODUCTION

This is the first report on foraminifers and calcareous nannoplankton
from the Middle Oligocene of Poland. E. Odrzywolska-Bieilkowa and
K. Pozaryska are responsible for identifications of foraminifers and
E. Martini (Frankfurt on Main, FRG) - for identification of nanno­
plankton. The material studied comprises foraminifers from typical Rup­
elian deposits represented by septarian clays penetrated by the Szczecin
IG 1 boreholes. The paper also presents the discussion of the distribution
of the foraminifer species in Middle Oligocene deposits developed in the
sandy-glauconite facies in the following areas (fig. 1): Puck Embayment
and Leba Elevation (boreholes Opalino IG 1, Zelistrzewo IG 1, Klanino
IG 1, Starzyno IG 1, Zdrada IG 1, 2, Sulicice IG 1, Mieroszyno IG 1, 2, 3,
Chlapowo 1, 2, 3, Czarny Mlyn IG 2, Jastrz~bia G6ra IG 1, Werblinia IG 1,
Bialogarda IG 1, Koszalin IG 1), Slupsk (Machowinko borehole, see: Odrzy­
wolska-Bieilkowa 1977), Mozdzanowo (Odrzywolska-Bieilkowa and Blaszak,
in press), Fore-Sudetic Monocline (Globice, Miech6w, Gorz6w Wielkopol­
ski, Wschowa Geo 1, Choszczno boreholes) and Kujawy (Augustynowo).
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The studied core material was derived from boreholes made by the
Geological Institute from Warsaw. The geological profile of the deep bore­
hole Szczecin IG 1 (Tanowo) is discussed in a collective work edited by
M. Jaskowiak-Schoeneichowa (1973) in the series "Profiles of deep bore-
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Fig. 1. Distribution of some borings performing Middle Oligocene deposits on the,·
Polish Lowlands.

holes of the Geological Institute". Tertiary deposits were penetrated at
the depth from 93 to 281 m in this borehole. They are represented by
the Miocene (occurring at depths from 93 to 126 m), Oligocene (126-190 m)'
and Eocene (190-281 m). The Oligocene deposits, containing the fossil
material described here, are represented by grey-brown, usually calcium­
less clays with occasional concentrations of pyrite, and commonly relat­
ively rich in carbonized plant debris. Preliminary identifications of micro­
fossils from single samples were previously published by Odrzywolska­
Bieilkowa (1967, 1973). The list of the identified species is here extended
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Fig. 2. Sites with the Middle Oligocene foraminifers in the Puck Embayment area:
1 Jastrzflbia G6ra IG 1. 2 Czarny Mlyn IG 1, 3 Chlapowo IG 1, 2, 4 Mieroszyno IG 1, 2,
5 Sulicice IG 1, 6 Planino IG 2, 7 Starzyno IG 1, 8 Gluszewo IG 1, 9 Zdrada IG 2,

10 Zdrada IG 1, 11 Werblinia IG 1, 12 Opalino IG 1, 13 Zelistrzewo IG 1.

thanks to supplementary material from the Szczecin IG 1 borehole, made
available through the courtesy of Dr. H. Wolailska. A part of the material
was given to Professor E. Martini of Frankfurt on Main (FRG), who found
there nannofossils typical of the Sphenolithus distentus Zone (NP 24) of
the Middle Oligocene. This nannoplankton assemblage (p. 281 and Table 2)
appears closely related to those known from the Middle Oligocene sep­
tarian clays of GDR and FRG.

Table 1 presents the list of Oligocene fotaminifer species discussed
here as well as other species from the Middle Oligocene deposits from
the Szczecin IG 1 borehole. These species give further support to con­
nections between Middle Oligocene deposits of Poland, GDR, FRG, Bel­
gillm and, to a some degree, European pa'rts of the USSR. The analysis
presented here was made taking into account preliminary results of
studies on Paleogene microfauna from the Puck Embayment and Slupsk
area (Odrzywolska-Bieilkowa 1977), preliminary data on the development
of Paleogene sedimentary basin in the northern Poland (Pozaryska 1976,
1977) and biostratigraphic correlation of the Polish Tertiary, made within
the framework of the IGCP Project no. 124 (Pozaryska and Odrzywolska-
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Bieilkowa 1977). It should be emphasized that Odrzywolska-Bieilkowa
(1967, 1973) correlated Middle Oligocene deposits from the Szczecin IG 1
borehole with coeval deposits fr,om the Gorz6w Wielkopolski and Wscho­
wa Geo 1 boreholes and Zgoda claypit from the vicinities of Szczecin
(Wolailska 1962), Mainz area in FRG (Thursch 1956) and the Kapellen
and Rosenray boreholes (Ellermann 1958, and Indans 1958, respectively).
She also made correlation of Middle Oligocene of Poland and Branden­
burg and Mecklenburg areas in the GDR (Spiegler 1960; Kiesel 1962).
Microfaunal assemblages evidencing the presence of Rupelian deposits in
the Puck Embayment area, identified by Odrzywolska-Bieilkowa, were
listed by Marzec and Wozny (1972) in discussing litho- and biostratigraphy
of that region.

In analysis of foraminifers discussed in this paper, the authors used
comparative materials kindly supplied by Professor H. Bartenstein of
CelIe (FRG) and Dr. S. Ritzkowski of G6ttingen (FRG). The number of
species identified by the authors is four times larger than reported by
Reuss (1865) from the Leopold Fort in the vicinities of Szczecin.

The forami.nifer collection is housed in the Geological Institute, War­
saw, here abbreviated as IGeol Pal

FORAMINIFER SPECTRUM AND AGE OF DEPOSITS

The studied foraminifer assemblage was derived from the depth inter­
val of 131.2-156.1 m in the Szczecin IG 1 borehole. Foraminifers were
derived from grey-green marly or, locally, clay-sandy claystones with
clay-pyritic lumps and pyritized plant remains, passing downward into
dark-brown claystone, sandy-shaly clay rich in plant debris represented
by stem sections and pyritized rootlets. Lithological profile of this bore­
hole was given by Ciuk (1972, 1973) who assigned these strata to the
Czempiilskie Beds of the Middle Oligocene. The deposits, originally inter­
preted as calcium-less, actually yield some amounts of calcium. Low
content of this element in the Middle Oligocene is reflected by poor de­
velopment of foraminifer tests which are usually thin and small.

Rotaliatina bulimoides Reuss is the most important species of the
foraminifer assemblage. The stratigraphic range of this species is con­
sidered to be limited to the Middle Oligocene (Staesche and Hiltermann
1940) which was not questioned in the last 37 years. This species may be,
therefore, regarded as important for the septarian clay facies of the
upper parts of the Rupelian. It is lacking in the Lower Rupelian of both
the Mainz Basin and Poland. Its record from the Upper Rupelian of the
latter area is also of biogeographic importance as up to now it was con­
sidered as limited to the north-western Germany exclusively (Barten­
stein et al. 1962).
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Tab 1e 1

Distribution of Middle Oligocene Foraminifera in Poland and in some
European countries

Poland G.D.R. B.D.R. France Belgium Soviet
Union

~

~
., NO tndans 1958

.,
C ~ ~ "''' ~

.;; ~ 'tlC "'''' Ri tzkowski 1965 '" ~ ""
~

0

u~ ., ~ .~ Grossheide ~
. ~

Ul-< ~
..~

~ • u Tnmko 1965 u ~e~
Species Nt> • > ~ 0 .>< u u

~ .... .Q~ ~ C u>< ~ ~ Spiegler 1965
~ ~ • u '"

~-< ~. u u ~ · ~~ '"
00 "N -Ul "'"' '"'" "'''' ~~ Gramann 1975 '"

Haplophragmoides latidorsatus • • • •spiroplectd~na carinata intermedia • •Spiroplectarmina carinata attenuata • • •GaudrlJina siphonella siphonellf! • • • • •Gaudr!/ina siphonella asiphonia • • • •Gaudryina chilostoma • •Ouinqueloculina 1udl<l1gi • • • • •Ouinqueloculina impressa • • • • •Nodosaria multil ineata •I.enticulina depauperata • • • •Lenticulina inornata • • • • •Lenticulir.a umbonata • • • •Lenticulina subangulata •Dentalina grandi s • • • •Dentalina spinescens • • • • • •Dentalina obliquestriata • • •Dentalina soluta • • • • •Dentalina inornata • •Raphanulina gibba globosa • • •Raphanulina minuta • •Guttulina problema • • • • •Fissur1na lucida • •Bolivina beyrichii • • • • • • •Stilostomella ewaldi • • • • • •Sphaeroidina variabilis • • • • • •Uvigerina batjesi • •Hopk.insina gracilis • • • • • •Tr1farina germanica • • • •Valvulineria petrolei • • • • •Cassigerinella cf. chipolensis •Glob1ger1na angustiumbi11cata • •Globigerina aff. ciperoensis •Globigerina corpulenta • • •Glob1gerina inaequispira •G1ob1gerina officinalis • • •Glob1gerina pseudoeocaena •Olobigerlna 5811111s •Gldbigerlna turk.menlca • •Glob1gerlna turritilina praeturrlt11ina •Cibicides reussi • • •Cibicides ungerianus • • • • • • • •Rotalitina bu1imoides • • • •Globocassidulina oblonga • • •Pullenia bulloides • • • • • •Pullenia quinque10ba • • • • • • •Alabamina tangentiali5 • • • • • • •Gyroidina $oldani • • •Gyroidina girardana • • • • •Helonis affine • • • • • • •Svratk.ina perlata • • • • • •Oridorsalis umbonatus • • .~ • • • •Epistomina elegans • • • • • • • •
Foraminifer spectrum from Middle Oligocene deposits of north-western

Poland comprises 74 species (12 planktonic and 62 benthic). From the
species recorded here, 41 are also known from coeval deposits of GDR, 30
from FRG, 21 from Belgium and only 9 also from the USSR (mainly
Ukraine).

No species typical of the Mediterranean province were found here
which gives further support to low temperature of water in the North­
European basin. Agglutinate foraminifers are markedly less numerous
than the calcareous. Miliolids typical of warm-water basins and sheltered

3 Acta Palaeontologica nr 3i78
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lagoons are scarce. The share of the representatives of the genera Hop­
kinsina and Trijarina, also indicative of low-temperature waters of shelf
slope, is fairly large in the foraminifer spectrum.

Planktonic foraminifer species recorded in the Middle Oligocene of
Poland include Globigerina ojficinalis and G.turritilina. These species are
stratigraphically important, making possible to correlate the foraminifer
assemblage with that typical of the Lower Rupelian whereas the presen­
ce of Globigerina angustiumbilicata - with the Upper Rupelian in the
subdivision proposed by Menner and Krasheninnikov (1960).

Benthic foraminifers predominate in the Rupelian. A half of them be­
long to the species described by Reuss (1851) from coeval deposits in
Germany. The assemblage also comprises representatives of several other
species described by German authors (Andreae 1884; Bornemann 1885;
Spandel 1901).

E. Martini (this paper) compares calcareous nannoplankton assemblage
derived from the same samples as the above mentioned foraminifers,
with the assemblages from so-called Rupelian Cz and C3 (Indans 1958).
The Rupelian C z and C3 studied by Indans (1958) is characterized by
the foraminifer assemblages comprising the following species also known
from the- Middle Oligocene of Poland: Cibicides ungerianus, Dentalina
obliquestriata, Gyroidina girardana, Pullenia quinqueloba, Sphaeroidina
variabilis, Melonis affine and various miliolids. The IV horizon of the
Rupelian, differentiated in the GDR and correlated with the Cz and C3

Table 2

Distribution of Middle Oligocene calcareous nannoplankton in the Szczecin IG
I borehole and positicn in the standard nannoplankton zonation

x = present

Samples

131.2-137.2 m

137.2-143.2 m
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horizons of Indans (1958) by Kiesel (1962) contains the following species
known from the Rupelian of Poland: Haplophragmoides latidorsatus, Qu­
inqueloculina impressa, Svratkina perlata, Cibicides ungerianus, and Ala-
bamina tangentialis. .

Taking into account the similarity of the nannoplankton assemblages
from the Rupelian of FRG, GDR and Poland, the deposits penetrated by
the Szczecin IG 1 borehole and other boreholes listed in this paper may be
interpreted as coeval.

WATER TEMPERATURE

According to Thursch (1956), temperature of water in the Rupelian
sea of the North-European furrow was below 20oe. :The studies on tem­
perature of Tertiary seas transgressing the area of Denmark recently
carried out within the framework of the IGCP Project 124 (Buchardt
1977), gave the value as low as 5°C £.o,r Early Oligocene sea and only
somewhat higher, lOoe, for the Middle Oligocene (Rupelian) one. This
temperature crisis from the turn of the Eocene and Oligocene may be
compared with the Messinian (Miocene-Pliocene) and coincides with the
cool wave reflected by cold Oligocene flora recorded by Krutsch and
Lotsch (1962-1969). The analysis presented here showed the presence of
cold-water foraminifer assemblage without any warm-water elements
as nummulitids, asterigerins, pararootalids or tropical varieties of miliolids
typical of warmer-water basins. Planktonic foraminifers found here dis­
play trend to marked reduction in size which, to a certain degree, is also
the case of the benthonic ones.

The foraminifer genera represented in the assemblage include Gaudry­
ina, Bolivina, Lenticulina, Uvigerina, Cibicides, Cassidulina, Pullenia, and
others which indicate normal salinity and low temperature of sea water
according to Murray (1973). The majority of foraminifer tests are at
present impregnated with pyrite. The genus Dentalina is represented by
a fairly high number of species which was usually recorded in upper parts
of the Rupelian. The microfaunal assemblage mainly lived in the outer
shelf zone.

PALEOGEOGRAPHIC CONCLUSIONS

The Rupelian transgression was oonsidered as the maximum Paleo­
gene transgression in northern Europe. The further studies showed that
several localities regarded as Oligocene are, actually, of the Late Eocene
age and the Late Eocene transgression is nowadays considered as the
greatest (see Pozaryska and Odrzywolska-Bienkowa 1977; Pozaryska
1977).

J.
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The marine Lower Oligocene is still insufficiently known. It was form­
erly termed as Lattorfian but this concept is highly disputable and the
Lattorfian is considered as facies of the Upper Eocene by some authors
(Cavelier and Pomerol 1976, Pozaryska and Odrzywolska-Bieilkowa 1977).
Moreover, it was stated as early as 1962 by Koroblmv (Colloque 1962)
that the bulk of the species of the "Lattorfian" microfauna are of the
Eocene age. Only 70 lout of 300 species are not know from the Eocene. The
remaining species are in some sense endemic as they seemed limited to
northern GDR and FRG. It follows that the German "Lattorfian" contains
mostly species known from the Eocene but not the Rupelien or Chattian
(Korobkov 1962: 750-752) so the "Lattorfian" cannot be understood as
Lower Oligocene (Korobkov, l.e.).

Lower Oligocene deposits were nowhere found in borehole columns
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Fig. 3. Distribution of Middle Oligocene deposits in the Polish Lowlands (datal con­
cerning eastern Poland are taken from the Paleogeographic Atlas of the USRR);
1 Oligocene septarian clays, 2 Oligocene glauconitic sands, 3 land-swampy areas,
forming so-called Mazury-Mazowsze barrier, 4 sandy deposits with plant debris but
without coals, 5 clay sands with plant remains and coal intercalations, 6 margin of

the Carpathians.



MIDDLE OLIGOCENE MICROFOSSILS 257

from NW Poland studied by the authors. In several columns are present·
calcium-less and faunistically barren deposits. The deposits with micro­
fossils always appeared to be the Middle Oligocene resting directly on
the Upper Eocene.

The authors found that the extent of the Middle Oligocene deposits
comprises north-western Poland. The Middle Oligocene is developed in two
facies here: (1) calcareous quartz-glauconite sands and (2) Rupelian clays
with septarian nodules. The latter facies is limited to the areas of Szcze­
cin, Koszalin, Darlowo and Slupsk, extending to Machowinko. The extent
of the former fades is much greater, comprising the Wielkopolska basin as
far as Glog6w and Zielona G6ra on the south and Wlodawek, Grudziqdz
and Tczew on the east. The deposits from the Goldap IG 1 borehole in the
Mazury region, formerly assumed to be of the Oligocene age (Bojarski and
Marek 1974), actually belong to the Globanomalina micra Zone of the
Upper Eocene (Odrzywolska-Bienkowa 1976).

Besides the Goldap locality, Upper Eocene foraminifers were found in
deposits penetrated by the Mikasz6wka borehole in the Suwalki area
(Odrzywolska-Bienkowa 1974), at Hipolit6w (Nowak and T. Uberna 1976),
Mialy near Grodno and Siemien near Parczew (Pozaryska 1977), Branica
Suchowolska, Antonin and Mich6w near Radzyn Podlaski (J. Uberna and
Odrzywolska-Bienkowa 1977). All these finds speak against the occurrence
of Oligocene deposits on eastern side of the Mid-Polish Anticlinorium.

In drawing stratigraphic-facies map of the Polish Paleogene, Aren
(1957) assumed that the transgression 'of Oligocene sea comprised the
whole northern Poland. Aocording to that author, the Oligocene sea
entered the area of Poland from the south-east and transgressed Rozto­
cze, the whole Lublin region and later Mazowsze basin, Pomerania and
northern Wielkopolska. The mixing with ,waters of a transgression coming
from the German Lowlands and submerging the north-western Poland
took place in the area situated behind the Odra river line. As it was shown
above, we know nowadays that the bulk of deposits assigned to the Oli­
gocene on AreNs (1957) map actually represent the Upper Eocene (see also
Pozaryska 1977). It should be noted here that this map comprises the
whole Oligocene, i.e. also the Lattorfian which is recently interpreted as
Lattorfian facies of the Upper Eocene (Cavelier and Pomerol 1976). The
Late Eocene age of Lattorfian deposits in Poland was suggested by Od­
rzywolska-Bienkowa as early as 1964 on the basis of guide foraminifer
species found in core material from north-western Poland (see Pozaryska
and Odrzywolska-Bienkowa 1977).

In the Oligocene, the Mid-Polish 'Anticlinorium no longer represented
so distinct eastern boundary of the North-European furrow as in the Late
Eocene. The eastern Poland still acted as a boundary area between this
North-European and Kiev basins. The basins were characterized by dif­
ferent microfaunal assemblages, as well as palynological ones (Grabowska
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1974) evidencing the lack of connections between them. Only a few
species are know from both basin but they are common and without any
greater stratigraphic value. Oligocene successor of the Eocene Kiev basin,
called as Maikop basin, also comprised the areas of the Dnepr-Donetz
aulacogen and its neighbourhood. Older Oligocene is here represented
by brackish sandy facies or the facies of marine sands with fine gravel
of milk quartz or, sometimes, lidite. Such deposits are fairly common in
Poland, suggesting more or less continuous connections between this
basin and north-western Polish Oligocene basin. The deposits were found
in both boreholes and outcrops such as those from G6ra Pulawska on
Middle Vistula river. The deposits are faunistically barren may represent
equivalent of the Charkov Beds of the Lower Oligocene in the Soviet
Union. The deepest parts of the basin include Black Sea and Caspian Sea
and neighbouring areas, already be longing to the Tethys proper and
existing through the whole Oligocene.

Contacts between Middle Oligocene North-European furrow and Ukra­
inian Sea where so~called Maikop series of the Oligocene-Miocene age
were originating, were weak. According to Dr'Ooger (1962), this cannot be
explained just by the lack of seaways but rath-er by complete isolatiOn
and some differences in ecological condihons ,in the two marine basins.
The Ukrainian Maikop basin was characterized by some,what lower water
salinity, evidenced by predominance of anomalinids in foraminifer spect­
rum. Similar concept was put forwards by Drooger (1962) in order to
solve difficulties encountered in correlating Tertiary deposits from Bel­
gium and the Netherlands. The Belgium basin from the Oligocene times
is interpreted as more saline (Batjes 1958) and the Dutch one as some­
what brackish, which is evidenced by predominance of agglutinated
foraminifers and anomalinids (Drooger, Lc.). According to Draoger (Lc.),
it is very difficult to draw reliable chronostratigraphic conclusions on
the basis of foraminifer assemblage mainly consisting of the representativ­
es of the genera Cibicides and Anomalina.

The existence ,of barrier responsible for separation of the North-Eu­
ropean and South-Ukrainian marine basins in the Oligocene times seems
undoubtful. In that situation, the presence of complete pro,files of marine
Paleogene in the Olsztyn area in the northern Poland, assumed by some
authors (Ciuk 1974), seems unsubstantiated. The micropaleontological
studies on material fmm the vicinities of Minsk Mazowiecki (Odrzywolska­
Bienkowa, unpublished report from 1972) failed to show any microfauna
in deposits assigned to the Oligocene. This gives further support to the
existence of land area separating above mentioned marine basins (fig. 3).
No marine deposits with Oligocene foraminifers but only some fish teeth
and coprolites were found in this land area of the Mazury-Mazowsze
barrier. The lack of microfauna (Dqgi & Sztotowo IG borings) makes it
difficult to precise the age of these fresh- or brackish-water deposits. It is
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assumed that palynological studies may be of some help here. Palyno­
logical studies (Grabowska 1972) showed the presence of Middle Oligo­
cene microfloral assemblages indicative of the brackish environment.
Further evidence for the presence of brackish deposits of the Middle
Oligocene age at Rypin, i.e. in the area of the Mazury-Mazowsze barrier
was given by Stuchlik (1964). Ziembinska-Tworzydlo (1974) presented
palynological data for the presence of the Oligocene brackish series in the
Rawicz Trough (western Polish Lowlands), which is situated southward
of the extent of Middle Oligocene marine sandy-glauconitic deposits. The
presence of marine Oligocene in this area, inferred on the basis of litho­
logical premises (Ciuk 1974), is not confirmed by biostratigraphic data as
no marine fauna of this age was found despite of analyses of several hund­
red core samples.

DESCRIPTIONS

Order Foraminiferida Eichwald, 1830
Suborder Textulariinae Delage et Herouard, 1869

Superfamily Lituolacea de Blainville, 1825
Subfamily Haplophragmoidininae Mayne, 1952

Genus Haplophragmoides Cushman, 1910
Haplophragmoides latidorsatus (Bornemann, 1855)

(pI. 7: la, b)

1855. Nonionina latidorsata Bornemann: 339, pI. 16: 4.
1958. Haplophragmoides latidorsatus (Bornemann); Batjes: 98, pI. 1: 1.

Material. - One well-preserved specimen, pyritized.
Dimensions (in mm): diameter IGeol Pall 0.275.
Remarks. - The specimen is very close to the drawing of the holotype (fide

Ellis and Messina 1940), differing in less globular test with a trehd to sharpening
of peripheral margin. Bornemann, Kiesel and Batjes recorded incrustation of tests
of this species with pyrite. The species is very rare.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR and FRG:
Middle Oligocene septarian clays. Belgium: Middle Oligocene clays from Boom.

Subfamily Spiroplectammininae Cushman, 1927
Genus Spiroplectammina Cushman, 1927

Spiroplectammina carinata intermedia Spandel, 1901
(pI. 7: 2, 3)

1901. Spiroplecta carinata (d'Orbigny) Spandel: 112, pl. 2: 4.
1970. Spiroplectammina carinata intermedia (Spandel); Kiesel: 193, pI. 3: 20.
1966. Spiroplectammina carinata oligocenica Nikitina: 333, pI. 1: 23-25; pI. 2: lOa, b.

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

IGeol Pal 2
length 0.500
maximum width 0.325
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Remarks. - The specimens are similar in morphology to those figured from the
Middle Oligocene of northern Germany by Staesche and Hiltermann (1940). In Poland
are present both triangular tests and more elongated ones with variable outline of
spiny margin.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1, Choszczno and Gorz6w
Wielkopolski boreholes). In Europe it is known from the Eocene to Middle Oligocene.

Spiroplectammina carinata attenuata (Reuss, 1851)
(pI. 7: 4a, b; 5a, b; 6, 7)

1851. Textularia attenuata Reuss: 84, pI. 6: 54.
1970. Spiroplectammina carinata attenuata (Reuss); Kiesel: 192, pI. 3: 18, 19.

MateriaL - Several well-preserved specimens.
Dimensions (in mm):

IGeol Pal 3
length 0.650
maximum width 0.275

Remarks. - The specimens are very similar to the holotype figured by Reuss.
The variability concerns height of chambers and mode of development of peripheral
margin which is either denticulate (spiny) or strongly sharpened. The last two pairs
of chambers are usually swollen.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1, Choszczno and Gorz6w
Wielkopolski boreholes). GDR: Middle Oligocene.

Family Ataxophragmiidae Schwager, 1877
Subfamily Verneuillininae Cushman, 1927

Genus Gaudryina d'Orbigny, 1839
Gaudryina siphonella siphonella Reuss, 1851

(pI. 7: 8a, b)

1851. Gaudryina siphoneHa Reuss: 78, pI. 5: 42 (non 40, 41).
1962. KarrerieHa siphoneHa (Reuss); Kiesel: 15, pI. 1: 8-11.

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

IGeol Pal 4
length 0.375
maximum width 0.275

Remarks. - The specimens are most close to those shown on Reuss' (1851)
figures 42a, b, markedly differing from those figured elsewhere (Reuss 1851, figs
40a, b; 41). Our specimens are characterized by well-marked triserial structure. The
specimen shown on fig. 8a in pI. 7 displays circular aperture with lip, similarly as
the Reuss' ones.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopolski
boreholes). GDR, FRG, Belgium and Holland: Middle Oligocene.

Gaudryina siphonella asiphonia Andreae, 1884
(pI. 7: 9)

1884. Gaudryina siphoneHa Reuss var. asiphonia Andreae: 200, pI. 7: 7a, b.
1962. KarrerieHa siphoneHa (Reuss); Kiesel: 15, pI. 1: 8, 11.
1969. Gaudryina asiphonia (Andreae, 1884); Kraeva and Zerneckij: 30, pI. 10: la, b.
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Material. - Several well-preserved specimens.
Dimensions (in mm):

IGeol Pal 5
length 0.850
maximum width 0.237

Remarks. - The specimens are very close to those figured by Andreae (1884) and
Kiesel (1962). The biserial part of test is well developed in our specimens so we assig­
ned them to the subspecies Gaudryina siphoneHa asiphonia. But for Kiesel (1962) the
species under discussion is conspecific with KarrerieHa siphoneHa Reuss. Our spe­
cimens are more slender than the Ukrainian ones figured by Kapterenko-Tscher­
nousova (1957, pI. 1: 14a, b).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopolski
boreholes). GDR, FRG and Belgium: Middle Oligocene. Holland: Middle and Upper
Oligocene. USSR: Upper Eocene, Kiev stage. Mexico: Oligocene.

Gaudryina chilostoma (Reuss, 1852)
(pI. 7: 10)

1852. Textularia chilostoma Reuss: 18, a, b.
1866. Gaudryina chilostoma (Reuss): Reuss, 120, pI. 1: 5.
1937. KarrerieHa chilostoma (Reuss); Cushman: 126, pI. 15: 1-8.
1958. KarrerieHa siphoneHa (Reuss); Batjes: 100, pI. 1: 8a, b; non 6, 7.
1962. Karreriella chilostoma (Reuss); Kiesel: 14, pI. 1: 10.

Material. - Several well-preserved specimens.

Dimensions (in mm):
IGeol Pal 6
length 0.587
maximum width 0.350

Remarks. - Our specimens resemble the representatives of the G.chilostoma
figured by Reuss (1852), differing in smaller number of chambers. They differ from
those figured by Batjes (1958, figs 8a, b) in more depressed sutures, and those figured
by Kiesel (1962, pI. 1, fig. 10) in somewhat higher chambers only. The comparisons
suggest that the species is sufficiently figured and its interpretation coherent.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1, Choszczno and Gorz6w
Wielkopolski boreholes). GDR, FRG, Belgium and Holland: Middle Oligocene. This
species was reported from the Oligocene of Trinidad by Cushman (1937).

Suborder Miliolina Delage and Herouard, 1896
Superfamily Miliolacea Ehrenberg, 1839

Family Miliolidae Ehrenberg, 1839
Subfamily Quinqueloculinae Cushman, 1911

Genus Quinqueloculina d'Orbigny, 1826
Quinqueloculina ludwigi Reuss, 1865

(pI. 8: 1a-c; 2a, b)

1865. Quinqueloculina ludwigi Reuss: 126, pI. 1: 12.
1970. Quinqueloculina ludwigi Reuss; Kiesel: 212, pI. 6: 5, 6.

Material. - Over a dozen usually well-preserved specimens.
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Dimensions (in mm):
IGeol Pal 7
length 0.450
maximum width 0.225

Remarks. - Our specimens are very close to that figured by Reuss (1865) (fide
Ellis and Messina 1940), differing in somewhat less flattened terminal part of the
last chamber, and less distinct medial chamber from triserial test side. As it was
shown by Reuss, this species is characterized by a high individual variability. Batjes
(1958) .reported differences in depression of sutures. The specimens from Szczecin
resemble the Belgian representativs of this species illustrated by Batjes (1958).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopolski
boreholes). GDR, FRG: Middle Oligocene. Belgium: Middle Oligocene (clays from
Boom).

Quinqueloculina impressa Reuss, 1851
(pI. 8: 3a-c)

1851. Quinqueloculina impressa Reuss: 87, pI. 7: 59.
1970. Quinqueloculina impressa Reuss; Kiesel: 210, pI. 6: 9.

Material. - Over a dozen well-preserved specimens.
Dimensions (in mm):

IGeol Pal 8
length 0.375
maximum width 0.275

Remarks. - Our specimens are very similar to those figured by Reuss (1851) and
Kiesel (1970), but no Batjes (1958). The Batjes: specimens are clearly angular, which
is not consistent with the description of the holotype.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1, Gorz6w Wie1kopo1ski,
Choszczno and Wschowa Geo 6 boreholes). GDR, FRG: Middle Oligocene. Belgium:
Middle Oligocene (clays from Boom).

Suborder Rotaliina Delage and Herouard, 1896
Superfamily Nodosariacea Ehrenberg, 1838

Family Nodosariidae Ehrenberg, 1838
Subfamily Nodosariinae Ehrenberg, 1838

Genus Nodosaria Lamarck, 1812
Nodosaria multilineata Reuss, 1875

(pI. 8: 5)

1875. Nodosaria (Dentalina) multilineata Reuss: 83, pI. II/20: 13.

Material. - One fragmentary specimen (without aperture).
Dimensions (in mm): length of IGeol PallO test fragment 0.680
Remarks. - Our specimen is almost identical as that figured by Reuss (1875) in

shape of chambers and ornamentation. The specimen assigned to N.multilineata
Reuss by Batjes (1958) differs from the formed in ribs markedly thicker and obscur­
ing sutures. A specimen figured as Dentalina multilineata Bornemann (non Reuss,
1875) by Kraeva and Zerneckij (1969) resembles that figured by Batjes (1958), entirely
differing from ours in appearance.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR: Paleo­
gene.
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Genus Lenticulina Lamarck, 1804
Lenticulina depauperata Reuss, 1851

(pI. 8: 6a, b, 7a, b, 8a, b, 9a, b)

1851. Robulina depauperata Reuss: 70, pI. 4: 29.
1962. Lenticulina (Robulus) depauperata (Reuss); Kiesel: 31, pI. 5: 1.
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MateriaL - Some scores of well-preserved specimens.
Dimensions (in mm):

IGeol Pal 14
maximum diameter 0.525
minimum diameter 0.312

Remarks. - Our specimens easily fall within the limits of intraspecific variability
concerning differences in sharpening of peripheral margin.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopolski
boreholes). GDR, FRG: Middle Oligocene.

Lenticulina inornata (d'Orbigny, 1846)
(pI. 9: la, b)

1846. Robulina inornata d'Orbigny: 102, pI. 4: 25/26.
1846. Robulina intermedia d'Orbigny: 104, pI. 5: 3, 4.

non 1956. Robulus inornatus (d'Orbigny); Kaptarenko-Tschernousova: 133, pI. 9: 1.
1969. Robulus inornatus (d'Orbigny); Kraeva and Zerneckij: 59, pl.' 21: 1.
1970. Lenticulina (Robulus) inornata (d'Orbigny); Kiesel: 230, pI. 9: 3-5.

MateriaL - Several well-preserved specimens.
Dimensions (in mm):

IGeol Pal 18
maximum diameter 0.312
minimum diameter 0.275

Remarks. - Our specimens fall within the limits of variability of this species.
The Ukrainian specimen figured by Kaptarenko-Tschernousova (1956) was exluded
from this species because of a more protruding umbilical node and markedly higher
number of chambers but this species is undoubtedly present in this area (Kraeva
and Zerneckij, 1969). Undoubtful representatives of this species were also recently
described by Kiesel (1970, fig. 5).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR, FRG:
Paleogene. Austria (Vienna Basin): Neogene. USSR (Ukraine): Oligocene.

Lenticulina umbonata (Reuss, 1851)
(pI. 9: 2)

1851. Robulina umbonata Reuss: 68, pI. 4: 24.
1970. Lenticulina (Robulus) umbonata (Reuss); Kiesel: 230, pI. 8: 19.

MateriaL - Several well-preserved specimens.
Dimensions (in mm):

IGeol Pal 19
maximum diameter 0.395
minimum diameter 0.312
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Remarks. - Our specimens correspond to the holotype illustrated by Reuss (1851);
they display well-developed central node and a narrow and somewhat serrate keel
not shown on the Reuss' drawing.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopolski
boreholes). GDR, FRG: Middle Oligocene.

Lenticulina subangulata (Reuss, 1863)
(pI. 9: 3a, b; 4)

1863. Cristellaria subangulata Reuss: 53, pI. 6: 64.
1940. Cristellaria aff. subangulata Reuss; Staesche and Hiltermann: 201, pI. 42: 5.
1962. Lenticulina (Robulus) subangulata (Reuss); Kiesel: 32, pI. 4: 5.

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

IGeol Pal 25
maximum diameter 0.450
minimum diameter 0.375

Remarks. - Our specimens are more rounded than the holotype figured by Reuss
(1863) which makes them more similar to the specimen figured by Kiesel (1962).
They also resemble that figured by Staesche and Hiltermann (1940).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR, FRG:
Lower and Middle Oligocene.

Genus Dentalina Risso, 1826
Dentalina grandis (Reuss, 1865)

(pI. 9: 5)

1865. Nodosaria grandis Reuss: 131, pI. 1: 26, 28.
1956. Nodosaria grandis Reuss; Kaptarenko-Tschernousova: 112, pI. 7: 2.
1962. Dentalina grandis Reuss; Kiesel: 25, pI. 3: 15.
1969. Nodosaria grandis Reuss; Kraeva and Zerneckij: 44, pI. 15: 8.

Material. - Several well-preserved specimens and numerous fragments.
Dimensions (in mm):

IGeol Pal 20
length 0.70
maximum width 0.30

Remarks. - Our specimens are very close to that figured by Reuss (1865). The spe­
cies is well defined.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR, FRG:
Middle Oligocene. USSR (Ukraine): Upper Cretaceous - Oligocene.

Dentalina spinescens Reuss, 1851
(pI. 9: 6)

1851. Dentalina spinescens Reuss: 62, pI. 3: 10.
1958. Nodosaria spinescens (Reuss); Batjes: 116, pI. 3: 13.
1969. Nodosaria spinescens (Reuss): Kraeva and Zerneckij: 46, pI. 15: 15.

Material. - One damaged specimen.
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Dimensions (in mm):
IGeol Pal 26
length of test fragment 0.650
width 0.180

Remarks. - Our specimen fully corresponds to those figured by Reuss (1851)
and Kraeva and Zerneckij (1969) in shape of chambers and their ornamentation. The
specimen figured by Batjes (1958) is characterized by more cylindrical chambers and
thicker and more blunt spines.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR, FRG and
Belgium: Oligocene, USSR (Ukraine, Emba region and Mangyshlak): Upper Eocene­
Oligocene.

Dentalina obliquestriata Reuss, 1851
(pI. 9: 7)

1851. Dentalina obliquestriata Reuss: 63, pI. 3: 11, 12.
1962. Dentalina obliquestriata Reuss; Kiesel: 26, pI. 4: 2.

non 1969. Nodosaria obliquestriata (Reuss); Kraeva and Zerneckij: 45, pI. 15: 14.

Material. - Several fragmentary specimens.
Dimensions (in mm):

IGeol Pal 27
length of test fragments 0.650
maximum width 0.190

Remarks. - Our specimens are identical as those figured by Reuss (1851) and
Kiesel (1962). This species was invalidly put into the synonymy of the species Nodo­
saria emaciata (Reuss), common till the present, by Batjes (1958). The specimen figur­
ed as D.obliquestriata Reuss by Kraeva and Zerneckij (1969) actually belongs to Bi­
farina liebusi Schubert. We consider Dentalina obliquestriata Reuss as guide species
for the middle parts of the Rupelian (Rotaliatina bulimoides Zone)

Occurrence. - Poland: Middle Oligocene (Rotatiatina bulimoides Zone) (Szczecin
IG 1 and Gorz6w Wielkopolski boreholes). GDR, FRG: Middle Oligocene. Belgium:
Middle Oligocene (clays from Boom). Holland: Middle and Upper Oligocene.

Dentalina soluta Reuss, 1851
(pI. 9: 8, 10)

1851. Dentalina soluta Reuss: 60, pI. 3: 4.
1962. Dentalina soluta Reuss; Kiesel: 27, pI. 3: 14; pI. 4: L

Material. - About a dozen of more of less incomplete specimens.
Dimensions (in mm):

IGeol Pal 28
length 0.500-0.260
width 0.312-0.320

Remarks. - Our specimens somewhat differ from that figured by Reuss (1851) in
the lack of distinct constriction at the boundary between the last two chambers, but
the shape of chambers in the same. The Polish specimens are similar to those figured
by Batjes (1958), and Kiesel (1962).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopolski
boreholes). GDR, FRG and Belgium: Middle Oligocene. Holland: Middle Oligocene­
Lower Miocene.
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Dentalina inornata d'Orbigny, 1846
(pI. 9: 9)

1846. Dentalina inornata d'Orbigny: 44, pI. 1: 50, 51 (fide Catalogue of Foram., Ellis
and Messina).

1970. Dentalina inornata d'Orbigny; Kiesel: 225, pI. 8: 1.

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

IGeol Pal 29
length 0.870
maximum width 0.184

Remarks. - Our specimen somewhat differs from that figured by d'Orbigny (1846)
in less convex lower part of chambers, being identical as that figured by Kiesel
(1970).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR: Paleocene,
Eocene. Austria (Vienna Basin): Miocene.

Family Polymorphinidae d'Orbigny, 1839
Subfamily Polymorphininae d'Orbigny, 1839

Genus Raphanulina Zborzewski, 1834
Raphanulina gibba globosa (Miinster, 1838)

(pI. 10: 6a, b)

1838. Polymorphina globosa MUnster; Roemer: 386, pI. 3: 33.
1930. GlobuZina gibba var. globosa (MUnster); Cushman and Ozawa: 64, pI. 17: 8, 9.
1962. GlobuZina gibba d'Orbigny var. globosa (Roemer); Kiesel: 49, pI. 7: 11.

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

IGeol Pal 30
length 0.600
maximum width 0.525

Remarks. - Our specimens are incomparable with hardly legible drawing of
MUnster (1838), being identical as those figured by Cushman and Ozawa (1930) and
very similar to that figured by Kiesel (1962).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR: Middle
Oligocene. FRG: Middle-Upper Oligocene. Austria (Vienna Basin): Miocene.

Raphanulina minuta (Roemer, 1838)
(pI. 10: 3a, b)

1838. Polymorphina minuta Roemer: 386, pI. 3: 35.
1962. Globulina minuta (Roemer); Kiesel: 49, pI. 7: 17.

Material. - About a dozen well-preserved specimens.
Dimensions (in mm):

IGeol Pal 31
length 0.520
maximum width 0.325

Remarks. - Our specimens are very close to those figured from GDR by Kiesel
(1962). In Poland this species seems confined to the RotaZiatina buZimoides Zone.
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Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR: Middle
Oligocene, FRG: Middle - Upper Oligocene.

Genus Guttulina d'Orbigny, 1839
Guttulina problema d'Orbigny, 1826

(pI. 10: 4a-b)

1826. Guttulina problema d'Orbigny: 266: 14.
1962. Guttulina problema d'Orbigny; Kiesel: 45, pI. 7: 4.
1970. Guttulina problema d'Orbigny; Didkovski and Satanovskaja: 76, pI. 49: 9a, b.

Material. - About a dozen well-preserved specimens.
Dimensions (in mm):

IGeol Pal 42
length 0.375
maximum width 0.325

Remarks. - This species is highly variable. Early Tertiary (Danian and Montian)
forms are characterized by more strongly depressed sutures and individualized
overhanging chambers (Pozaryska 1965) and the younger, Late Paleogene and Neo­
gene forms - by more coherent tests (Didkovskij and Satanowskaja 1970).

Occurrence. - This species is pandemic in the whole Tertiary and Quaternary.

Family Glandulinidae Reuss, 1860
Subfamily Oolininae Leoblich and Tappan, 1961

Genus Fissurina Reuss, 1850
Fissurina Lucida (Williamson, 1848)

(pI. 10: 5)

1848. Entosolenia marginata var. lucida Williamson: 17, pI. 2: 17.
1962. Fissurina lucida (Williamson); Kiesel: 155, pI. 8: 5.

Material. - About a dozen well-preserved specimens.
Dimensions (in mm):

IGeol Pal 44
length 0.350
maximum width 0.284

Remarks. - Our specimens are characterized by central parts of tests somewhat
wider than that figured by Williamson (1848) but falling within the limits of intra­
specific variability. The species is very close to Fissurina marginata and was initially
treated even as subspecies of the latter.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR, FRG:
Middle Oligocene. Austria (Vienna Basin): Miocene.

Family Bolivinitidae Cushman, 1927
Genus Bolivina d'Orbigny, 1939
Bolivina beyrichi Reuss, 1851

(pI. 10: 8, 9, 10)

1851. Bolivina beYrichi Reuss: 83, pI. 6: 51.
1962. Bolivina beyrichi Reuss; Kiesel: 60, pI. 9: 6.
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Material. - About a dozen mostly fragmentary specimens.
Dimensions (in mm):

IGeol Pal 48
length 0.587
maximum width 0.1.57

Remarks. - Our specimens are almost identical as that figured by Reuss (1851).
The species is characterized by a high intraspecific variability, concerning curvature
of sutures and development of spines on peripheral margin.

Occurrence. - Poland: Middle Oligocene (Szczecin IG I, Choszczno, Drawno, Go­
rz6w Wielkopolski boreholes). GDR, FRG, Belgium and Holland: Middle Oligocene.

Family Eouvigerinidae Cushman, 1927
Genus StHostomella Guppy, 1894
Stilostomella ewaldi (Reuss, 1851)

(pI. 8: 4)

1851. Nodosaria ewaldi Reuss: 58, pI. 3: 2.
1956. Nodosaria ewaldi Reuss; Kaptarenko-Tschernousova: 105, pI. 6: 8-10.
1962. Nodosaria ewaldi Reuss; Kiesel: 23, pI. 4: 7.
1969. Nodosaria ewaldi Reuss; Kraeva and Zerneckij: 43, pI. 15: 5.

Material. - About a dozen broken specimens usually without aperture.
Dimensions (in mm):

IGeol Pal 50
length 0.775
width 0.108

Remarks. - As it was reported by other authors (Kiesel 1962; Batjes 1958; Kap­
tarenko-Tschernousova 1956 and others), the preservation of the representatives of
this species is usually fragmentary and only a single specimen with aperture is
known (Wo1aiiska, MS). The aperture is formed by a thin, fine and very long tube end­
ing with a slightly widened circular opening with lip.

This species evolved from Early Paleocene Dentalina vistulae Pozaryska (1957),
somewhat smaller but also with very strongly elongate chambers, weakly incised
sutures, smooth surface of the test and extended aperture. Oligocene Stilostomella
ewaldi Reuss represents evolutionary link leading to Miocene species Nodosaria longi­
scata d'Orbigny. The names Nodosaria ewaldi and N.longiscata were sometimes in­
validly used for Early Paleocene forms such as those from Midway Fm. in Texas
(Plummer 1926). A species surprisingly close to the above described was reported un­
der the name Nodosaria farcimen from the Pliocene of Italy (Catania) by Silvestri
(1872).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopol­
ski boreholes). GDR, FRG, Belgium and Holland: Middle Oligocene. USSR (Ukraine):
Paleogene.

Superfamily Buliminacea Jones, 1875
Family Sphaeroidinae Cushman, 1927
Genus Sphaeroidina d'Orbigny, 1826
Sphaeroidina variabilis Reuss, 1851

(pI. 10: la, b; 2 a, b)

1851. Sphaeroidina variabilis Reuss: 88, pI. 7: 61, 64.
1969. Sphaeroidina variabilis Reuss; Kraeva and Zerneckij: 168, pI. 76: 9a, b; lOa, b.
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Material. - Over a dozen well-preserved specimens.
Dimensions (in mm):

IGeol Pal 56
diameter 0.250

Remarks. - Our specimens are identical as those figured by Reuss (1851) and
Kiesel (1962). Vasicek (1954) initially regarded Sphaeroidina variabHis as synonym
of S.buUoides which is known to occur from the Miocene till the present. In a sub­
sequent paper, Vasicek (1956) interpreted S.variabHis as a subspecies of S.buUoides
confined to the Lower Tertiary. According to the present authors, sutures deeper in­
cised than in S.bulloides and a small, spherical cham,ber from the base of the aper­
ture, not present in the latter species, make it possible to regard S.variabilis as
a separate species of the genus Sphaeroidina.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1, Gorz6w Wielkopolski,
Choszczno and Wschowa Geo 6 boreholes) and Upper Oligocene (Fore-Sudetic Mono­
cline, Mat! and Smigielska 1977). GDR, FRG, Belgium and Holland: Middle Oligocene.
USSR (Ukraine, Caucasus Northern, Sakhalin): Oligocene - Miocene. USA: Oligocene.

Family Uvigerinidae Haeckel, 1894
Genus UVigerina d'Orbigny, 1826

Uvigerina batjesi Kaasschieter, 1961
(pl. 10: 7)

1961. Uvigerina batjesi Kaasschieter: 197, pI. 8: 27, 28; pI. 9: 23.
1973. Uvigerina batjesi Kaasschieter; Gawor-Biedowa: 130, pI. 1: 4.

Material. - About a dozen well-preserved specimens.
Dimensions (in mm):

IGeol Pal 58
diameter 0.275
maximum width 0.190

Remarks. - Our specimens fully correspond to those figured by Kaasschieter
(1961).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole) and Upper
Eocene (Ilawa borehole). GDR, FRG, Belgium and Holland: Eocene and Middle Oligo­
cene.

Genus Hopkinsina Howe and Wallace, 1932
Hopkinsina gracilis (Reuss, 1851)

(pI. 11: 1, 2, 3)

1851. Uvigerina gracilis Reuss: 77, pI. 5: 39.
1962. Angulogerina gracilis (Reuss); Kiesel: 56, pI. 8: 10, 11, 12 (with synonymy).

Material. - Several dozens of well-preserved specimens.
Dimensions (in mm):

IGeol Pal 62
length 0.587
maximum width 0 156

Remarks. - Our specimens are identical as those figured by Batjes (1958), being
somewhat variable in elongation of test and interrelations between bi- and triserial
parts (see pI. 11: 1, 2, 3).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1, Choszczno, Gorz6w
Wielkopolski and Wschowa Geo 6 boreholes, Leba elevation and Puck Bay). GDR, FRG,
Belgium: Middle Oligocene.

4 Acta Palaeontologica nr 3/78
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Genus Trifarina Cushman, 1923
Trifarina germanica (Cushman and Edwards, 1938)

(pI. 11: 4)

1938. Angulogerina germanica Cushman and Edwards: 85, pI. 15: 14--16.
1958. Angulogerina gracilis (Reuss) var. germanica Cushman and Edwards; Batjes:

136, pI. 6: 4.
/

Material.-About a dozen well-preserved specimens.
Dimensions (in mm):

IGeol Pal 83
length 0.375
maximum width 0.162

Remarks. - Our specimens are similar to that figured by Batjes (1958). The spec­
ies seems limited to middle parts of the Rupelian, Le. to the Rotaliatina bulimoides
zone.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehoLe). GDR, Belgium:
Middle Oligocene.

Superfamily Discorbacea Ehrenberg, 1938
Family Discorbidae Ehrenberg, 1938

Subfamily Baggininae Cushman, 1927
Genus Valvulineria Cushman, 1927

Val vulineria petrolei (Andreae, 1884)
(pI. 11: 5a, b)

1884. Pulvinulina petrolei Andreae: 217, pI. 8: 15.
1962. Valvulineria petrolei (Andreae); Kiesel: 68, pI. 10: 3.

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

IGeol Pal 64
maximum diameter 0.234
minimum diameter 0.221

Remarks. - Our specimens are identical as the holotype figured by Andreae
(1884) and those figured by Batjes (1958). Photos of our specimens show that the
pores are coarser than it would follow from figures given by the above mentioned
authors. The species is confined to middle part of the Rupelian, the Rotaliatina buli­
moides zone.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1, Gorz6w Wielkopolski
and Choszczno boreholes). GDR, FRG and Belgium: Middle Oligocene.

Superfamily Glohigerinacea Carpenter, Parker and Jones, 1862
Family Hantkeninidae Cushman, 1927

Subfamily Cassigerinellinae Bolli, Loeblich and Tappan, 1957
Genus Cassige1'inella Pokorny, 1959

Cassigerinella d. chipolensis (Cushman and Ponton), 1932
(pI. 11: 6a, b)

1964. Cassigerinella chipolensis (Cushman and Ponton); Postuma: p. 254, text - fig.
p.255.
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Material. - Two well-preserved specimens.
Dimensions (in mm): maximum diameter 0.242
Remarks. - Our specimens are very small and with glittering test surface which

agrees with description given by Postuma (1964). They differ from the illustrated
holotype of C.chipolensis (see Cushman and Ponton 1932: 98, pI. 15: 2a, c) in less
incised sutures whereas the shape of aperture and arrangement of chambers are
typical of this species. It should be noted that according to Postuma (1964), this
species does not belong to planktonic foraminifers as its walls are not porous.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). Cassigerinella
chipolensis is known from the Oligocene of Belgium and Trinidad and Lower Miocene
of Florida.

Family Glohigerinidae Carpenter, Parker and Jones, 1862
Subfamily Glohigerininae Carpenter, Parker and Jones, 1862

Genus Globigerina d'Orbigny, 1862
Globigerina angustiumbilicata Bolli, 1957

(pI. 12: la, b)

1957. Globigerina angustiumbilicata Bolli: 109: pI. 22: l'2a, l3c; p. 164, pI. 36: 6a, b.
1962. Globigerina angustiumbilicata Bolli; Eames et al.: 85, pI. 9: 9, 16.
1975. Globigerina angustiumbilicata Bolli; Stainforth et. al.: 253: 105 (1-5c).
1975. Globigerina angustiumbilicata Bolli; Bertels: 44, pI. 3: 4, 5.

Material. - A few well-preserved specimens.
Dimensions (in mm):

IGeol Pal 65
maximum diameter 0.312
minimum diameter 0.280

Remarks. - Our specimens do not differ from the holotype figured by Bolli (1957).
The species differs from Globigerina ouichitaensis ciperoensis Blow in narrower um­
bilicus and smaller and arcuate aperture asymmetrically located and with lip.
Eames and others (1962) considered that this species is related to G.ofjicinalis Subbotina
(1953) as they found several transitional forms in the material from the western
Africa.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). USA: uppermost
Bartonian - top of Rupelian (Cipero Formation). Venezuela: Miocene (Pozon Form­
ation). SW France: common in Oligocene - Miocene junction beds. Argentina: Oligo­
cene, Globigerina ciperoensis zone. According to Stainforth (1975), this species occurs
from the Upper Eocene to Pleistocene.

Globigerina aff. ciperoensis Bolli, 1954
(pI. 12: 3a, b)

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

IGeol Pal 66
maximum diameter 0.275
minimum diameter 0.254

Remarks. - Our specimens slightly differ from the holotype of Globigerina
ciperoensis Bolli, mainly in poorly marked fifth chamber almost indiscernible in

4*
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the last whorl. Dorsal side of our specimens is very similar to that of the specimen
figured as G.ciperoensis by Cushman and Stainforth (1945).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). Trinidad, Tan­
zania, Argentina: Oligocene.

Globigerina corpulenta Subbotina, 1953
(pI. 11: 7a, b; 8a, b)

1953. Globigerina corpulenta Subbotina: 76, pI. 9: 5a, b, W -7a, b, w; pI. 10: la, b,
w-3a, b, w; 4a, b.

1969. Globigerina corpulenta Subbotina; Kraeva and Zerneckij: 106, pI. 43: 5a, b, w.
1975. Globigerina corpulenta Subbotina; Caus: 303, pI. 1: 16a, b.

Material. - About a dozen well-preserved specimens.
Dimensions (in mm):

IGeol Pal 67
maximum diameter 0.325
minimum diameter 0.316

Remarks. - Our specimens do not differ from the holotype figured by Subbotina
(1953). The species appears most similar to Globigerina eocena GUmbel (1868), differing
in chambers less closely adjoining one another and more depressed sutures only.

Occurrence. - Poland: Middle Oligocene (basal Rupelian in the Szczecin IG 1
borehole). USSR (Mangyshlak, Central Asia and Ukraine): uppermost Upper Eocene.
Spain: Paleogene.

Globigerina inaequispira Subbotina, 1953
(pI. 12: 2a, b)

1953. Globigerina inaequispira Subbotina: 69, pI. 6: 1-3.
1976. Globigerina (Eoglobigerina) inaequispira Subbotina; Hillebrandt: 331, pI. 1:

1, 6, 8, 11, 13; pI. 2: 7a, b.

Material. - A few well-preserved specimens.
Dimensions (in mm):

IGeol Pal 68
maximum diameter 0.184
minimum diameter 0.182

Remarks. - Our specimens well correspond to the holotype figured by Subbotina
(1953). Chambers of representatives of this species are very close to those of Globige­
rina linaperta Finlay (1939) in shape, essentially differing, however, in the shape or'
aperture.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). USSR (Cauc­
asus): Eocene and Oligocene. Spain: Eocene and Oligocene junction beds (Globigerina
caucasica zone).

Globigerina officinalis Subbotina, 1953
(pI. 11: lOa, b)

1953. Globigerina officinalis Subbotina: 78, pI. 11: 1-7.
1975. Globigerina officinalis Subbotina; Stlainforth et al.: 211, 71, 1-7.
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Materia!. - A few well-preserved specimens.
Dimensions (in mm):

IGeol Pal 69
maximum diameter 0.156
minimum diameter 0.152

Remarks. - Our specimen fully corresponds, to the holotype figured by Subbotina
(1953) in a very low aperture with lip and finaly-perforated test wall. This species
resembles Globigerina ouichitaensis Howe and Wallace in shape, differing in the
lack of wide umbilicus and more tightly packed chambers. It differs from G.senilis
Bandy (1949) in markedly smaller size and narrower aperture.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). USSR: Upper
~ocene~ Lower Oligocene (Caucasus), Lower Oligocene (Ukrainian Carpathians,
Crimea and Aral Sea Depression and Georgian SSR), Oligocene (Ustjurt). Spain:
Paleogene.

Globigerina pseudoeocaena Subbotina, 1953
(pI. 12: 4a, b)

1953. Globigerina pseudoeocaena Subbotina: 67, pI. 5: la, b, w; 2a, b, w.

Material. - A few well-preserved specimens.
Dimensions (in mm):

IGeol Pal 70
maximum diameter 0.350
minimum diameter 0.324

Remarks. - Our specimens do not differ from the holotype figured by Subbotina
(1953).' This species is most close to G.eocaena GUmbel (1868), differing in less elon­
gate test, differentiated size of chambers of the last whorl and more tight packing
chambers.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). USSR (Ukraine,
Crimea, Caucasus and Mangyshlak): Upper Eocene.

Globigerina senilis Bandy, 1949
(pI. 11: 9a, b)

1949. Globigerina ouichitaensis Howe and Wallace var. senilis Bandy: 121, pI. 22: 5a, c.
1975. Globigerina seniUs Bandy; Bertels: 445, pI. 4: la, b.

Material. - A few well-preserved specimens.
Dimensions (in mm):

IGeol Pal 71
maximum diameter 0.372
minimum diameter 0.350

Remarks. - Our specimens do not differ from the holotype figured by Bandy
(1949). This species differs from Globigerina ouichitaensis Howe and Wallace in coarser
perforated test wall, less depressed sutures between chambers and somewhat asym­
metric location of apertural chamber.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). USA (Alabama):
Upper Eocene (Jackson Formation). East Africa: Eocene - top of Oligocene. Argen­
tina: Oligocene.
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Globigerina turkmenica Khalilov, 1956
(pI. 11: lla, b)

1969. GtobigeTina tUTkmenica Khalilov; Kraeva and Zerneckij: 109, pI. 44: 7a, b, w.

MateTiat - A few well-preserved specimens.

Dimensions (in mm):
IGeol Pal 72
maximum diameter 0.312
minimum diameter 0.275

RemaTks. - Our specimens do not differ from the holotype in number of cham­
bers nor the type of aperture. The species is close to stratigraphically younger species
GtobigeTina apeTtuTa (Cushman, 1918), differing in markedly smaller and less obtuse
aperture and somewhat higher apertural chamber.

OccuTTence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). USSR (Ukraine,
Northern Caucasus, Azerbaijan and Turkmenia): Upper Eocene.

Globigerina turritilina praeturritilina Blow and Banner, 1962
(pI. 11: 12a, b)

1962. GtobigeTina tUTTitiUna pmetuTTitiUna Blow and Banner: 99, pI. 13: A-C.

MateTial. - A few well-preserved specimens.

Dimensions (in mm):
IGeol Pal 73
maximum diameter 0.275
minimum diameter 0.250

RemaTks. - Our specimens do not differ from the holotype of this subspecies
figured by Blow and Banner (1962). Our specimens differ from the representatives of
GlobigeTina tUTTitiUna tUTTititina Blow and Banner (1962) in less swollen chambers,
wider umbilicus, somewhat higher apertural chamber and finer perforated test wall.

OccuTTence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). Africa (Tan­
zania): Upper Eocene, from the GtobigeTapsis semiinvotuta to GlobigeTina tUTTitiHna
tUTTitilina zone.

Globigerina sp.
(pI. 11: 13a, b; 14a, b)

MateTiat - A few well-preserved specimens.

Dimensions (in mm):
IGeol Pal 74
maximum diameter 0.282
minimum diameter 0.250

RemaTks. - Our specimens are similar to both these of the species GtobigeTina
pseudodubia Bandy (1949) and GtobigeTina conglomemta Schwager (1866) from the
Neogene of India. The identification is, unfortunately, precluded as dorsal side of the
Indian species was not figured.

OccuTTence. - Poland: Middle Oligocene (Szczecin IG 1 borehole).
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Superfamily Orbitoidacea Schwager, 1876
Family Cibicididae Cushman, 1927

Subfamily Cibicidinae Cushman, 1927
Genus Cibicides de Montfort, 1808

Cibicides reussi Ten Darn and Reinhold, 1942
(pl. 12: 5a-c; 6a-c)
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1942. Cibicides reussi Ten Dam and Reinhold: 100, pI. 8: 4a, c.
1962. Cibicides reussi Ten Dam and Reinhold; Kiesel: 74, pI. 11: 4.

Material. - Several fairly well preserved specimens; the last chamber often
damaged.
Dimensions (in mm):

IGeol Pal 76
maximum diameter 0.437
minimum diameter 0.286

Remarks. - Our specimens are identical as the holotype figured by Ten Dam and
Reinhold (1942). This species was described from upper part of the Middle Oligocene
of the Netherlands. The analysis of our material also suggests that it is limited
to the Rotaliatina bulimoides zone of upper parts of the Rupelian in the Central
Europe.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole). GDR, FRG,
Holland: Middle Oligocene.

Cibicides ungerianus~d'Orbigny, 1846)
(pI. 12: 7a-c)

1846. Rotalina ungeriana d'Orbigny: 157, pI. 8: 16, 18.
1962. Cibicides ungerianus (d'Orbigny, 1848); Kiesel: 75, pI. 11: 7 (with synonymy).

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

IGeol Pal 82
maximum diameter 0.450
minimum diameter 0.325

Remarks. - Our specimens are identical as those figured by d'Orbigny (1846).
They are also similar to those from the Oligocene of GDR, figured by Kiesel (1962).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopolski
boreholes), Miocene (margins of the Holy Cross Mts and Carpathian Foredeep). GDR,
FRG, Belgium and Holland: Middle Oligocene. Hungary: Middle Oligocene (clays
from Kiscel). USSR: Eocene - Oligocene (Turkmenia, Tadzhik Depression and Mangy­
shlak), America: Oligocene. Austria: Miocene (Vienna Basin). Czechoslovakia, Bulgaria:
Miocene. At present, Cibicides ungerianus occurs in the Mediterranean Sea, Atlantic
and Pacific.

Superfamily Cassidulinacea d'Orbigny, 1839
Family Cassidulinidae d'Orbigny, 1839

Genus Globocassidulina Voloshinova, 1960
Globocassidulina oblonga (Reuss, 1850)

(pI. 13: la-c)

1850. Cassidulina oblonga Reuss: 376, pl. 48: 5, 6.
1958. Cassidulina subglobosa var. Brady; Batjes: 127, pI. 6: 10.
1970. Cassidulina oblonga Reuss; Didkovskij and Satanowskaja: 141, pI. 81: Ga, b; 8.
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Material. - About a dozen specimens with terminal chambers damaged.
Dimensions (in mm):

IGeol Pal 89
length 0.340
maximum width 0.180

Remarks. - Our specimens somewhat differ from the holotype (Reuss, 1850) in
more rounded peripheral margin. The specimen assigned to Cassidu!ina subgLobosa
Brady by Batjes (1958) resembles them in test outline and arrangement of chambers.
The same is the case of specimens figured by Didkovskij and Satanowskaja (1970).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 borehole), Miocene (Car­
pathian Foredeep). FRG and Belgium: Middle and Upper Oligocene. USSR: Oligocene
(Caucasus), Miocene (Ukraine). Bulgaria, Romania and Austria: Miocene.

Family Nonionidae Schultze, 1854
Subfamily Nonioninae Schultze, 1854

Genus PulZenia Parker and Jones, 1862
PulZenia bulZoides (d'Orbigny, 1846)

(pI. 13: 2a, b; 3a, b)

1846. Nonionina buHoides d'Orbigny: 107, pI. 5: 9, 10.
1969. PuHenia buHoides (d'Orbigny); Kraeva and Zerneckij: 100, pI. 42: 2a, b.

Material. - About a dozen well-preserved specimens
Dimensions (in mm):

IGeol Pal 90
minimum diameter 0.214
maximum diameter 0.237

Remarks. - Our specimens are very close to the specimen figured by d'Orbigny,
differing in somewhat less incurved sutures. A high variability in the degree of flat­
tening of tests of this species was stressed by Batjes (1958).

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopolski
boreholes), Miocene (Carpathian Foredeep). GDR, FRG and Belgium: Midddle Oligo­
cene. USSR (Ukraine): Upper Oligocene (Sphaeroidina variabHis zone). Austria (Vienna
Basin): Miocene. Japan (Okinawa): Miocene.

PulZenia quinqueloba (Reuss, 1851)
(pI. 13: 4a, b)

1851. Nonionina quinqueLoba Reuss: 71, pI. 5: 31.
1969. PuHenia quinqueLoba Reuss; Kraeva and Zerneckij: 101, pI. 42: 3.
1977. PuHenia quinqueLoba (Reuss); Pozaryska: pI. 5: 7a, b.

Material. - Several well preserved specimens.

Remarks. - Our specimens are similar to the holotype (Reuss, 1851) in test outline
and shape of sutures, differing in four (instead 5) chambers in the last whorl. Four­
chambered specimens were also figured by Kraeva and Zerneckij (1969).

Occurrence. - Poland: Upper Eocene (Siemieil), Middle Oligocene (Szczecin IG 1
and Gorz6w Wielkopolski boreholes). GDR: Middle Oligocene. FRG: Middle Oligo­
cene - Miocene. Holland and Belgium: Oligocene - Miocene.
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Family Alabaminidae Hofker, 1951
Genus Rotaliatina Cushman, 1925

Rotaliatina bulimoides (Reuss, 1851)
(pI. 12: 8, 9)

1851. Rotaliatina bulimoides Reuss: 77, pI. 5: 38.
1962. Rotaliatina bulimoides (Reuss); Kiesel: 70, pI. 10: 8 (with synonymy).

Material. - A few well-preserved specimens.
Dimensions (in mm):
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IGeol Pal 86
length 0.375
maximum width 0.225

Remarks. - Our specimens are identical as the holotype figured by Reuss (1851).
The variability concerns elongation of spiral part of test only.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1, Gorz6w Wielkopolski and
Wschowa Geo 6 boreholes). GDR, FRG: Middle Oligocene. Holland: Middle Oligocene.
Belgium: Middle Oligocene (clays from Boom).

Genus Alabamina Toulmin, 1941
Alabamina tangentialis (Clodius, 1922)

(pI. 13: 5a, b)

1922. Pulvinulina tangentialis Clodius: 138, pI. 1: 14.
1970. Alabamina tangentialis (Clodius); Kiesel: 295, pI. 17: 8.

Material. - About a dozen well-preserved specimens.
Dimensions (in mm):

IGeol Pal 101
maximum diameter 0.312
minimum diameter 0.276

Remarks. - Our specimens are identical with the ho1otype.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wie1kopolski
boreholes). GDR and FRG: Middle Oligocene. Belgium: Middle Oligocene (clays from
Boom). Holland and SW France: Middle Oligocene. Middle Miocene of North Sea
coasts.

Genus Gyroidina d'Orbigny, 1826
Gyroidina soldanii d'Orbigny, 1826

(pI. 13: 6a-c)

1826. Gyroidina soldanii d'Orbigny: 278, pI. 46: 10-12.
1977. Gyroidina soldanii d'Orbigny; Pozaryska: 43, pI. 4: 4a-c.

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

IGeol Pal 107
maximum diameter 0.320
minimum diameter 0.289
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Remarks. - Our specimens differ from the holotype figured by d'Orbigny (1826)
by widened sutures, being more close to those described from the Upper Eocene of
eastern Poland and Oligocene of Belgium (Batjes, 1958).

Occurrence. - Poland: Upper Eocene (Siemien) and Middle Oligocene (Szczecin
IG I, Gorz6w Wielkopolski and Choszczno boreholes). Europe and America: Middle
Oligocene, Miocene.

Gyroidina girardana Reuss, 1851
(pI. 13: 7a-c)

1851. Gyroidina girardana Reuss: 73, pI. 5: 24.
1970. Gyroidinoides girardanus Reuss; Kiesel: 288, pI. 16: 2.
1974. Gyroidina soldanii forma girardana (Reuss); Ulleberg: 282, pI. 5: I, 5; pI. 7: 8, 9.

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

IGeol Pal 108
maximum diameter 0.524
minimum diameter 0.482

Remarks. - Our specimens are identical as the holotype figured by Reuss (1851).
The variability concerns differences in degree of flattening of test and width of um­
bilicus.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopolski
boreholes). GDR, FRG and Denmark: Middle Oligocene. America an Egypt: Paleogene.

Family Anomalinidae Cushman, 1927
Genus Melonis de Monfort, 1808

Melonis affine (Reuss, 1851)
(pI. 14: la, b; 2a, b)

1851. Nonionina affinis Reuss: 72, pI. 5: 22.
1977. Melonis affine (Reuss); Pozaryska and Odrzywolska-Bienkowa: 62, pI. 4: 8a, b

(with synonymy).

Material. - Over a hundred of mainly well-preserved specimens.
Dimensions (in mm):

IGeol Pal 110
maximum diameter 0.320
minimum diameter 0.250

Remarks. - Our specimens are insignificantly more swollen than the holotype
figured by Reuss (1851) but easily fall within the limits of intraspecific variability
which is connected with the degree of flattening of test.

Occurrence. - Poland: Upper Eocene (northern Poland), Middle Oligocene (Szcze­
cin IG I, Gorz6w Wielkopolski, Choszczno, Wschowa Geo 6 boreholes). GDR, FRG,
Belgium and Holland: Middle Oligocene.

Genus Svratkina Pokorny, 1956
Svratkina perlata (Andreae, 1884)

(pI. 14: 4a, b; 5a-c)

1884. PulvinuHna perlata Andreae: 216, pl. 8: 12.
1977. Svratkina perlata (Andreae); Pozaryska: 42, pI. 5: la-c.
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Materia!. - Fifteen well-preserved specimens.
Dimensions (in mm):
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IGeol Pal 43
maximum diameter 0.242
minimum diameter 0.220

Remarks. - Our specimens are identical as the holotype figured by Andreae (1884).
Variability high (see Pozaryska 1977).

Occurrence. - Poland: Upper Eocene (Siemien), Middle Oligocene (Szczecin IG 1
and Gorz6w Wielkopolski boreholes). GDR, FRG: Middle Oligocene, Rupelian. Bel­
gium: Middle Oligocene (clays from Boom).

Genus Orido1'salis Andersen, 1961
Oridorsalis umbonatus (Reuss, 1851)

(pI. 14: 3a-c)

1851. Rota!ina umbonata Reuss: 75, pI. 5: 35.
1970. Eponides umbonatus (Reuss); Kiesel: 292, pI. 17: 2.

non 1969. Eponides umbonatus (Reuss); Kraeva and Zerneckij: 78, pI. 28: 2a, b, w.

Materia!. - Some dozens of well-preserved specimens.
Dimensions (in mm):

IGeol Pal 52
maximum diameter 0.375
minimum diameter 0.330

Remarks. - Our specimens are identical as the holotype figured by Reuss (1851).
They are characterized by well-developed additional skeletal elements on ventral
side, represented by six-arm star in central part of the test. This element is missing
in the specimen figured by Kraeva and Zerneckij (1969) so it was excluded from this
species.

Occurrence. - poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopol­
ski boreholes). GDR, FRG, Belgium and Holland: Middle Oligocene.

Superfamily Robertinacea Reuss, 1850
Family Ceratobuliminidae Cushman, 1927
Subfamily Epistomininae Wedekind, 1937

Genus Epistomina Terquem, 1883
Epistomina elegans (d'Orbigny, 1826)

(pl. 14: 6a-c; 7a-c)

1826. Rotalia e!egans d'Orbigny: 276: 54.
1846. Rotalina partschiana d'Orbigny: 153, pI. 7: 28-30.
1970. Epistomina partschiana (d'Orbigny); Didkovskij and Satanovskaja: 88, pl. 56:

5a, b, w.

Materia!. - Some dozens of usually well-preserved specimens.
Dimensions (in mm):

IGeol Pal 56
maximum diameter 0.312
minimum diameter 0.293

Remarks. - Our specimens are very similar to those figured as Rotalia e!egans
d'Orbigny, 1826, and Rotalina partschiana d'Orbigny, 1846. We agree with Kiesel that
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RotaZina partschiana is the junior synonym of RotaZia eZegans. According to Pazdro
(1969), there is no reason for separating a new genus HogZundina (Brotzen, 1948) for
post-Mesozoic representatives of the genus Epistomina.

Occurrence. - Poland: Middle Oligocene (Szczecin IG 1 and Gorz6w Wielkopolski
boreholes), Miocene (Carpathian Foredeep, margins of the Holy Cross Mts). GDR,
FRG: Rupelian. Belgium: Middle Oligocene (clays from Boom) - Miocene. Holland:
Middle Oligocene - Miocene. Austria: Miocene (Vienna Basin). USSR (Ukraine): Mio­
cene.

CALCAREOUS NANNOPLANKTON

During investigation of 113 samples between 50.0 and 239.3 meters of
the Szczecin (= Stettin) IG 1 borehole, 2 horizons containing calcareous
nannoplankton were found. The upper horizon, approximately between
131.2 and 156.1 meters, belongs to the Oligocene calcareous nannoplank­
ton zone NP 24 (Sphenolithus distentus Zone) as discussed below. The low­
er horizon, approximately between 192.0 and 223.0 meters, can be placed
in the Eocene calcareous nannoplankton zones NP 15 (Chiphragmalithus
alatus Zone) and NP 16 (Discoaster tani nodifer Zone). The intervals bet­
ween 50.0 and 131.2 meters, 156.1 and 192.0 meters as well as between
226.6 and 239.3 meters are barren in calcareous nannoplankton.

In the Oligocene succession the first occurrences of calcareous nanno­
plankton are within the interval between 149.7 and 156.1 meters, probably
around 152 meters as three of 10 samples from this interval contain
calcareous nannoplankton. The highest occurrences were noted approxi­
mately at 134 meters as four out of 8 samples from the interval between
131.2 and 137.2 meters were barren in calcareous nannoplankton. The
assemblages found are poorly preserved and most specimens are effected
by solution.

A total of 18 samples are grouped together in their respective interval
because their unknown position within these intervals, and distribution of
autochtonous calcareous nannoplankton species is listed in table 2. Re­
worked nannoplankton species from the Upper Cretaceous and Paleogene
are present in most samples and include the following taxa:

ArkhangeZskieZZa cymbiformis Vekshina,
1959
Cretarhabdus ? anthrophorus (Defland­
re) Bramlette and Martini, 1964
Cretarhabdus crenulatus Bramlette and
Martini, 1964
CribrosphaerelZa ehrenbergi Archangel­
sky, 1912
GZaukoZithus dipZogrammus (Deflandre)
Reinhardt, 1964
Lithastrinus floralis Stradner, 1962

MicrorhabduZus stradneri Bramlette and
Martini, 1964
MicuZa staurophora (Gardet) Stradner,
1963
Nephrolithus frequens G6rka, 1957
Predicosphaera cretacea (Archangelsky)
Gartner, 1968
TetraZithus acuZeus (Stradner) Gartner,
1968
TetraZithus trifidus (Stradner) Bukry,
1973
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Watznaueria barnesae (Black) Perch­
Nielsen, 1968
Chiasmolithus solitus (Bramlette and
Sullivan) Locker, 1968
Cyclococcolithus formosus Kamptner,
1963
Discoaster barbadiensis Tan Sin Hok,
1927

Discoaster cf. tani Bramlette and Riedel,
1954
Ericsonia subdisticha (Roth and Hay)
Roth, 1969
Isthmolithus recurvus Deflandre, 1954
Reticulofenestra umbilica (Levin) Mar­
tini and Ritzkowski, 1968
Zygodiscus sigmoides Bramlette and
Sullivan, 1961

The high percentage of reworked calcareous nannoplankt.on was also
noted for equivalent beds in Northern Germany by Locker (1968) and
Muller (1970).

The autochtonous calcareous nannoplankton assemblages include the
following species:

Braarudosphaera bigelowi (Gran and
Braarud) Deflandre, 1947
CoccoHthus abisectus Milller, 1970
Coccolithus eopelagicus (Bramlette and
Riedel) Bramlette and Sullivan, 1961
Coccolithus pelagicus (Wallich) Schiller,
1930
Cyclococcolithus floridanus (Roth and
Hay) Milller, 1970
Cyclococcolithus hoerstgensis Milller,
1970
Dictyococcites dictyodus (Deflandre and
Fert) Martini, 1969
Discolithina desueta Milller, 1970

Discolithina multipora (Kamptner) Mar­
tini, 1965
Discolithina pygmaea Locker, 1967
Helicosphaera bramlettei (Milller) Jafar
and Martini, 1975
Helicosphaera recta (Haq) Jafar and
Martini, 1975
Reticulofenestra clatrata Milller, 1970
Reticulofenestra lockeri Milller, 1970
Reticulofenestra retisimilis Milller, 1970
Sphenolithus sp.
Zygrhablithus bijugatus (Deflandre) De­
flandre, 1959

The autochtonus calcareous nannoplankton is dominated by Reticulo­
fenestra lockeri in almost all samples. Fairly common ar-e Coccolithus abi­
sectus, Cyclococolithus floridanus, Dictyo::occites dictyodus and Reticulo­
fenestra clatrata. Other species listed above in table 2 are rare and not
present in all samples. Species like Braarudosphaera bigelowi, Discolithi­
na desueta, Discolithina multipara, Discolithina pygmaea and Zygrhablit­
hus bijugatus, which are known fwm "near shore" environments and
shallow water (e.g. Muller 1971) are rare, indicating somewhat deeper
water during part of the Sphenolithus distentus Zone (NP 24) in the
area investigated.

Concerning the stratigraphic position of the interval between 134 and
152 meters containing calcareous nannoplankton the placement in zone
NP 24 (Sphenolithus distentus Zone) of the standard calcareous nanno­
plankton zonation (Martini 1971) is based on substitute species as spheno­
liths commonly used as index-species in the Middle Oligocene are
missing in most of the North Sea basin (Muller 1970). Coccolithus abisectus
and Helicosphaera recta have their first occurrence at or near the base of
zone NP 24, which is originally defined by the first occurrence of Spheno-
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lithus ciperoensis. The boundary between zone NP 24 (Sphenolithus dis­
tentus Zone) and NP 25 (Sphenolithus ciperoensis Zone), originally defin­
ed by the last occurrence of Sphenolithus distentus, in the North Sea basin
is better d~fined by the first occurrence of Discolithina enormis and Heli­
cosphaera perch-nielseniae (Benedek and Muller 1974; Martini and
Muller 1975), which seem to occur first near the last occurrence of Sphe­
nolithus distentus elsewhere. In samples investigated Coccolithus abisectus
as well as Helicosphaera recta have been found, but Discolithina enormis
and Helicosphaera perch-nielseniae were not encountered, consequently
the interval between 134 and 152 meters can be placed in zone NP 24
(Sphenolithus distentus Zone) of the standard calcareous nannoplankton
zonation.

The Oligocene calcareous nannoplankton assemblages from the Szcze­
cin IG 1 borehole show close similarities to assemblages of other north­
German "Septarien-Ton"-occurrences, e.g. Freienwalde/Oder and Berlin­
Hermsdorf (Muller 1970; Martini and Muller 1971; Locker 1972), Nenn­
hausen and Wafimannsdorf (Locker 1972), and to the upper Lintfort beds
(Obere Lintforter Schichten) to the lower Rhine valley (Benedek and
Muller 1974), which can be correlated to foraminiferal horizons C2 and C3

of Indans (1958) and which also can be placed in nannoplankton zone
NP 24. They are younger than the assemblages found in the type Rupe­
lian, in which Coccolithus abisectus and Helicosphaera recta are not yet
present, and which belong to zone NP 23 (Sphenolithus predistentus Zone)
of the standard calcareous nannoplankton wntation (Muller 1970; Martini
and Muller 1971). For correlations to the Mainz basin and the upper Rhine
valley see Muller 1971. Zone NP 24 is present in some fam~us foram­
iniferal localities in Trinidad and can be correlated to the Globorotalia
opima opima zone of the planktonic foraminifera zonation (Bramlette and
Wilcoxon 1967).
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EWA ODRZYWOLSKA-BIENKOWA, KRYSTYNA POZARYSKA I ERLAND MARTINI

SRODKOWOOLIGOCENSKIE MIKROSKAMIENIALOSCI Z NIZU POLSKIEGO
I ICH ZNACZENIE STRATYGRAFICZNE I PALEOGEOGRAFICZNE

Streszczenie

W okolicach Szczecina (wiercenie Szczecin IG 1) stwierdzono wystE:powanie osa­

d6w srodkowego oligocenu zawierajqcych liczne gatunki otwornic. Badany zesp61

otwornic zawiera zar6wno gatunki planktoniczne jak i bentoniczne wykazujqce ana­

logie do zespo16w z osad6w stratotypowych H6w septariowych Niemiec. Zesp61 ten

byl zwiqzany z morzem srodkowego oligocenu bruzdy p61nocno europejskiej, kt6re

objE:lo PolskE: zachodniq az do antyklinorium srodkowo polskiego stanowiqcego jej

wschodnie obrzezenie. Zamieszczona tu lista otwornic jest uzupelniona gatunkami

pochodzqcymi z r6wnowiekowych 'osad6w licznych otwor6w wiertniczych Instytutu

Geologicznego z innych rejon6w Polski. Badany zesp61 otwornic sklada siE: z osobni­

k6w drobnych 0 cienkich skorupkach. Cienkoskorupowosc byla spowodowana zar6wno

chemizmem srodowiska (slaba wapnistosc osad6w) jak i niskq temperaturq zbiornika.

Zesp61 otwornic bentonicznych, zawierajqcy wazny stratygraficznie gatunek Rotalia­

tina bulimoides (Reuss), przemawia za powstaniem osadu w strefie szelfowej basenu.

5*



288 E. ODRZYWOLSKA-BIENKOWA, K. POZARYSKA and E. MARTINI

Gatunki planktoniczne umozliwily korelacj~ osad6w badanego obszaru z osadami

wyzszego rupelu NRD, RFN, Belgii i Holandii a takze kraj6w pozaeuropejskich.

Badany zesp6l otwornic planktonicznych jest w wi~kszym stopniu podobny do ze­

spol6w z Europy Zachodniej niz do zespolu z basenu majkopskiego, ZSRR. Wyniklo to

zapewne ze slabych kontakt6w mi~dzy morzem srodkowo oligocenskim bruzdy p6l­

nocno europejskiej a basenem majkopskim, oddzielonym lqdowym obszarem hipote­

tycznym rygla mazursko-mazowieckiego. 0 istnieniu tej zapory utrudniajqcej polqcze­

nie wyzej wymienionych zbiornik6w wydajq si~ swiadczyc negatywne wyniki poszu­

kiwan fauny morskiej w osadach srodkowego oligocenu w Polsce p6lnocno wschodniej

i wschodniej. Wiek osad6w srodkowo oligocenskich okreslony na podstawie otwornic

zostal poparty badaniami nannoplanktonu wapiennego (Zona Sphenolithus distentus

NP 24). Om6wiony w niniejszym opracowaniu zesp6l nannoplanktonu wykazuje

scisle podobienstwa do zespol6w wystwujqcych w ilach septariowych NRD i RFN.

3BA O,ll;JKY:lBOJIhCKA-BEHhKOBA, KPhICThIHA rr02KAPhICKA, 3PJI3H,ll; MAPTMHM

CPE,ll;HEOJU1TOIJ;EHOBbIE MJ1KPOOKAMEHEJIOCTJ1 J13 IIOJIbCKOn
HJ13MEHHOCTJ1 J1 J1X CTPATJ1rPA<I>J1"tlECKOE J1 IIAJIEOrEOrPA<I>J1"tlECKOE

3HA"tlEHJ1E

B OKpeCTHOCTRX I.I.J;eI..V'lHa (cKBa]l{"ma - I.I.J;e~"'1H IG 1) o6Hapy]l{eHo BblcTyrrJIeHY:le

OCa,l\KOB cpe,l\Hero OJIY:lrO~eHa, COAep]l{a~Y:lX MHOrOqY:lCJIeHHble BY:l,l\bl cPopaMY:lHY:lcPep.

J1cCJIeAOBaHHbli1 c60p cPopaMY:lHl1cPep COAep]l{Y:lT KaK rrJIaHKTOHHble, TaK Y:l 6eHTOHHble

BY:lAbI, rrpORBJIRIO~Y:le aHaJIOrY:lIO co C60POM CTpaTOTY:lrrOBbIX OCa,l\KOB CerrTapY:leBbIX

rJIY:lH repMaHY:lY:l. 3TOT c60p 6blJI OBR3aH c MopeM cpeAHero Om1rO~eHa ceBepo-eBpo­

rrei1cKoi1 60p03Abl, KOTopoe OXBaTblBaJIO 3arraAHyIO IIoJIbwy,' BrrJIOTb AO cpeAHero

rrOJIbCKOrO aHTY:lKJIY:lHOpY:lYMa, RBJIRIO~erOCR ero BOCTOqHblM oKai1MJIeHY:leM. IIpeAcTaB­

JIeHHbli1 KOMrrJIeKC cPopaMY:lHY:lcPep AOrrOJIHeH BY:lAaMI1, rrpOY:lCXOAR~Y:lMY:l Y:l3 ocaAKOB

paBHoro B03paCTa 06Y:lJIbHY:lX CKBa]l{Y:lH reOJIOrY:lqeCKOrO J1HCTY:lTyTa B pa3HblX pai10Hax

IIOJIbWY:l. J1cCJIeAOBaHHbli1 c60p cPopaMY:lHY:lcPep COCTOI1T Y:l3 MeJIKY:lX oco6et1 C TOHKOi1

cKopyrrKoM. TOHKOCTb cKopyrrKl1 6blJIa Bbl3BaHa KaK XY:lMY:l3MOM cpeAbl (CJla6aR Y:l3­

BeCTKOBOCTb ocaAKoB), TaK Y:l HY:l3K0i1 TeMrreparypoi1 6accei1Ha. KOJIJIeK~Y:lR 6eHToHHblX

cPopaMY:lHY:lcPep, COAep]l{a~aR CTpaTY:lrpacPY:lqeCKY:l Ba>KHbli1 IBY:lA Rotatiatina butimoides

(Reuss), YKa3bIBaeT Ha o6pa30BaHY:le ocaAKa B WeJIbcP0Boi1 30He 6accei1Ha. IIJIaHKToH­

Hble BY:lAbI rr03BOJIRJIY:l CAeJIaTb KOppeJIR~I1IO ocaAKoB, Y:lcCJIeAyeMoro pat10Ha C ocaA­

KaMJ.1 BepXHero pyrreJIR r,ll;p, <I>pr, BeJIbrY:lY:l Y:l rOJIJIaHAY:lY:l, a TaK]I{e Y:l3 rro3aeBporret1-
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CKJ<lX CTpaH. J1cCJIe~OBaHHbIH c60p ¢OpaMJ<lHJ<I¢ep B 60JIbWel1 CreneHJ<I nO~06HbIH

C60paM J<l3 3ana~H0I1 EBponbI, 'leM ~O c60pa J<l3 Mal1KOnCKOrO 6aCCe11Ha, CCCP. 3TO

06"bSlCHSleTCSI CJIa6bIMJ<I KOHTaKTaMJ<I MOpSl Cpe~HerO OJIJ<lrOl\eHa CeBepO-eBpOneI1CKoi:1

60P03~bI J<I MaHKOnCKOrO 6aCCe11Ha, pa3~eJIeHHbIM MaTepJ<lKOM rJ<lnOTeTJ<I'lHOrO Ma3YP­

CKO-Ma30Bel\KOrO pJ<lreJISI. 0 CYII:(ecTBoBaHJ<IJ<I 3TOrO nopora, OCJIO}KHSlIOII:(erO CIBSl3b

Bblwe Ha3BaHHbIX 6aCCeI1HOB, no BCel1 BepOSlTHOCTJ<I, CBJ<I~eTeJIbCTBYIOT OTpJ<ll\aTeJIbHble

pe3YJIbTaTbI nOJ<lCKOB MOPCKOH ¢aYHbI B oca~Kax cpe~Hero OJIJ<lrOl\eHa B ceBepo-!,\oc­

TO'lHOH J<I BOCTO'lHOH IIoJIbwe. B03pacT oca~KOB cpe~Hero OJIJ<lroqeHa 6bIJI onpe~eJIeH

Ha OCHOBaHJ<IJ<I ¢OpaMJ<lHJ<I¢ep, J<I OH nO~TBep~J<lJICSI npJ<l I1CCJIe~OIBaHI1S1X 113BeCTHSlKOBoro

HaHHOnJIaHKTOHa (30Ha Sphenolithus distentus NP 24). PaccMoTpeHHbIH B HaCTOSlII:(eH

CTaTbe c60p HaHHOnJIaHKTOHa npOSlBJISleT 6JII13KOe CXO~CTBO co c60paMI1, BbICTymIIO~

II:(I1MI1 B CenTapl1eBblX rJII1HaX r,ll;p 11 <%>pr.

EXPLANATION OF THE PLATES 7-16

All specimens from Szczecin 1G 1 borehole, Middle Oligocene, calcareous
nannoplankton zone NP 24 (Sphenolithus distentus Zone)

Foraminifera (pIs 7 to 14) X 80; calcareous nannoplankton (pIs 15 and 16)
approximately X 2000

Plate 7

'1: Haplophragmoides latidorsatus (Bornemann): a front view, b side view, 1Geol
PalL

2. 'Spzroplectammina carinata intermedia Spandel: microspheric form, front view,
1Geol Pal 2.

3. Spiroplectammina carinata intermedi,a Spandel: microspheric form, front v~ew,

1Geol Pal 9.
,4. Spiroplectammina attenuata Reuss: microspheric form, a front view, b side view,

1Geol Pal 3.
5. Spiroplectammina attenuata Reuss: macrospheric form, a front view, b side view,

1Geol PallO.
6, 7. Spiroplectammina attenuata Reuss: intraspecific variability, 1Geol Pal U.
8. Gaudryina siphonella Reuss: a apertural view, b side view, 1Geol Pal 4.
9. Gaudryina siphonella asiphonia Andreae: side view, 1Geol Pal 5.

10. Gaudryina chilostoma (Reuss): side view, 1Geol Pal 6.

Plate 8

1. Quinqueloculina ludwigi Reuss: a, b opposite sides, c apertural view, 1Geol Pal 7.
2. Quinqueloculina ludwigi Reuss: intraspecific variability: a side view, b apertural

view, 1Geol Pal 126. '
3. Quinqueloculina impressa Reuss: a, b opposite sides, c apertural view, 1Geol

Pal 8.
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4. StilostomeHa ewaldi (Reuss): IGeol Pal 50.
5. Nodosaria multilineata Reuss: IGeol Pal 10.
6, 7, 8, 9. Lentieulina depauperata (Reuss): intraspecific variability: a side view,

b apertura1 view, IGeol Pal 14.

Plate 9

1. Lentieulina inornata (d'Orbigny): a side view, b apertural view, IGeol Pal 18.
2. Lenticulina umbonata (Reuss): IGeol Pal 19.
3. Lentieulina subangulata (Reuss): a side view, b apertural view, IGeol Pal 25.
4. Lentieulina subangulata (Reuss): intraspecific variability, IGeol pat 24.
5. Dentalina grandis Reuss: IGeol Pal 120.
6. Dentalina spinescens Reuss: IGeol Pal 26.
7. Dentalina obliquestriata Reuss: IGeol Pal 27.
8, 10. Dentalina soluta Reuss: IGeol Pal 28.
9. Dentalina inornata d'Orbigny: IGeol Pal 29.

Plate 10

I, 2. Sphaeroidina variabilis Reuss: a side view, b apertural view, IGeol Pal 56.
3, 4. Raphanulina minuta (Roemer): a, b views from opposite sides, IGeol Pal 31, 42.
5. Fissurina lucida Williamson: IGeol Pal 44.
6. Raphanulina gibba globosa (Roemer): a, b views from opposite sides, IGeol Pal 30.
7. Uvigerina batjesi Kaasschieter: IGeol Pal 58.
8, 9, 10. Bolivina beyTichi Reuss: intraspecific variability, IGeol Pal 48.

Plate 11

1, 2, 3. Hopkinsina gracilis (Reuss): intraspecific variability, IGeol Pal 62-
4. TTijarina germanica (Cushman and Edwards): IGeol Pal 63.
5. Valvulineria petrolei Andreae: a dorsal view, b ventral view, IGeol Pal 64. ,
6. CassigerineHa cf. chipolensis Cushman and Ponton: a side view, b apertural view,

IGeol Pal 71.
7, 8. Globigerina corpulenta Subbotina: intraspecific variability; a dorsal view, b

ventral view, IGeol Pal 67.
9. Globigerina senilis Bandy: a ventral view, b dorsal view, IGeol Pal 71.

10. Globigerina officinalis Subbotina: a ventral view, b dorsal view, IGeol Pal 69.
11. GZobigeTina tUTkmenica Khalilov: a dorsal view, b ventral view, IGeol Pal 72.
12. Globigerina turrilina praetuTrilina Blow and Banner: a dorsal view, b ventral

view, IGeol Pal 73.
13, 14. Globigerina sp.: intraspecific variability; a dorsal view, b ventral view,

IGeol Pal 74.

Plate 12

1. GZobigeTina angustiumbilicata Bolli: a dorsal view, b ventral view, IGeol Pal 65.
2. Globigerina inaequispiTa Subbotina: a dorsal view, b ventral view, IGeol Pal 68.
3. Globigerina aff. ciperoensis Bolli: a dorsal view, b ventral view, IGeol Pal 66.
4. GlobigeTina pseudoeocaena Subbotina: a dorsal view, b ventral view, IGeol Pal 70.
5, 6. Cibicides Teussi Ten Dam: intraspecific variability; a dorsal view, b ventral

view, c apertural view, IGeol Pal 76.
7. Cibicides ungerianus (d'Orbigny): a dorsal view, b ventral view, c apertural view,

IGeol Pal 82.
8, 9. Rotaliatina bulimoides (Reuss): intraspecific variability, IGeol Pal 86.
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Plate 13

~91

1. GZobocassiduLina obZonga (Reuss): a, b views from opposite sides, c apertural view,
IBeol Pal 89.

2, 3. PuZZenia buZZoides d'Orbigny: intraspecific variability; a side view, b apertural
view, IGeol Pal 90.

4. PuZZenia quinqueZoba Reuss: a side view, b apertural view, IGeol Pal 96.
5. AZabamina tangentiaLis (Clodius): a ventral view, b dorsal view, IGeol Pal 101.
6. Gyroidina soZdanii (d'Orbigny): a dorsal view, b ventral view, c apertural view,

IGeol PallO:.
7. Gyroidina girardana (Reuss): a dorsal view, b ventral view, c apertural view,

IGeol Pal 108.

Plate 14

1, 2. MeZonis affine (Reuss): intraspecific variability; a side view, b apertural view,
IGeol Pal 110.

3. OridorsaLis umbonatus (Reuss): a dorsal view, b ventral view, c apertural view,
IGeol Pal 52.

4, 5. Svratkina perZata (Andreae): intraspecific variability; a dorsal view, b ventral
view, c apertural view, IGeol Pal 43.

6, 7. Epistomina eZegans (d'Orbigny): intraspecific variability; a dorsal view, b
ventral view, c apertural view, IGeol Pal 56.

. Plate 15

1. Braarudosphaera bigeZowi (Gran and Braarud) Deflandre. Sample 137.2-143.2 m H.
1b Crossed nicols.

2. CoccoZithus abisectus MUller. Sample 131.2-137.2 m A. 2b Crossed nicols.
3. CoccoZithus eopeZagicus (Bramlette and Riedel) Bramlette and Sullivan. Sample

137.2-143.2 m H. 3b Long axis 30° to crossed nicols.
4. CycZococcoLithus fZoridanus (Roth and Hay) MUller. Sample 131.2-137.2 m A. 4b

Crossed nicols.
5. Dictyococcites dictyodus (Deflandre and Fert) Martini.' Sample 131.2-137.1 m B.

5b Long axis 0° to crossed nicols.
6. DiscoZithina multipara (Kamptner) Martini. Sample 137.2-143.2 m H. 6b Long axis

45° to crossed nicols.

Plate 16

1, 2. DiscoZithina pygmaea Locker. Two different specimens. Sample 137.2-143.2 m H.
2 Long axis 90° to crossed nicols.

3. HeZicosphaera bramZettei (MUller) Jafar and Martini. Sample 143.2-149.7 m A. 3b
Long axis 45° to crossed nicols.

4. HeZicosphaera recta (Haq) Jafar and Martini. Sample 143.2-149.7 m E. 4b Long
axis 30° to crossed nicols.

5. ReticuZofenestra Zockeri MUller. Sample 131.2-137.2 m B. 5b Long axis 45° to
crossed nicols.

6. SphenoZithus sp. Sample 137.2-143.2 m H. 6b Crossed nicols.
7. ZygrhabZithus bijugatus (Deflandre) Deflandre. Sample 131.2-137.2 m A. 7b Long

axis 0° to crossed nicols.
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