
DANUTA PERYT

PLANKTIC FORAMINIFERA ZONATION OF THE UPPER CRETACEOUS IN THE
MIDDLE VISTULA RIVER VALLEY, POLAND

(plates 1-23)

PERYT D., 1980: Planktic Foraminifera zonation of the Upper Cretaceous in the Middle Vistula River valIey, Poland.
Palaeontologia Polonica, 41: 3-101

Abstract. - Planktic foraminifera from the Upper Cretaceous deposits of the Vistula River valIey of Central Poland, the
most complete exposed section of the Upper Cretaceous in Europe, have been studied . In this section, comprising Ceno­
manian to Maastrichtian deposits, 90 species of planktic foraminifera were identified , 5 of them being new: Dicarine//a
longoriai, Marginotruncana caronae, Globotruncana pozaryskae, Chiloguembelina praecursor, Heterohelix vistulaensis.
On the basis of this assemblage 10 foraminiferal zones have been distingui shed : Hedberge//a planispira Assemblage-Zone,
Rotalipora cushmani Range-Zone, Helvetoglobotruncana helvetica Interval-Zone, Marginotruncana coronata Interval-Zone,
Globotruncana lapparenti Interval-Zone, Globotruncana fornicata Interval-Zone, Globotruncana area Interval-Zone, Globi­
gerine//oides multispinus Interval-Zone, Rugoglobigerina pennyi Interval-Zone, Guembelitria cretacea Range-Zone. This
zonation has been correlated with other zonations based on cephalopods, inocerarns and coccoliths of the region studied
as welI as with foraminiferal zonations proposed for other regions of the world .
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Streszczenie. - Opracowano otwornice planktoniczne z osad6w g6rnej kredy, odslaniajacych sicr w dolinie Wisly, stano­
wiacych najbardziej kompletny, naturalnie odsloniety profil osad6w tego wieku w Europie. Og61em, w osadach od ceno­
manu do mastrychtu, stwierdzono 90 gatunk6w, w tyrn 5 nowych: Dicarine//a longoriai, Marginotruncana caronae, Globo­
truncana pozaryskae, Chiloguembelina praecursor, Heterohelix vistulaensis. W oparciu 0 ten zesp61 Wyr6:iniono 10 pozio­
m6w: poziom zespolowy Hedberge//a planispira, poziom zasiegu gatunku Rotalipora cushmani, poziomy niesamoistne:
Helvetoglobotruncana helvetica, Marglnotruncana coronata, Globotruncana lapparenti, Globotruncana fornicata, Globo­
truncana area, Globigerine//oides multispinus, Rugoglobigerina pennyi i poziom zasiegu gatunku Guembelitria cretacea.
Wyroznione poziomy skorelowano z istniejacyrni juz podzialami biostratygraficznymi dla tego obszaru, opartymi na
glowonogach, inoceramach i nannoplanktonie. Przeprowadzono tez korelacje wydzielonych poziom6w otwornicowych
z poziomami otwornicowymi z innych obszar6w swiata,

Praca byla finansowana przez Polska Akademie Nauk w ramach problemu miedzyresortowego MR. 11-6.
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PLANKTIC FORAMINIFERA ZONATION OF POLISH UPPER CRETACEOUS

INTRODUCTION

5

Planktic foraminifera are thought to be one of the most suitable groups for local , regional
and intercontinental stratigraphic correlations, because of their wide geographic occurrence,
abundance and relatively fast rate of evolution.

Numerous stratigraphic subdivisions of the Upper Cretaceous are based upon the planktic
foraminifera, especially upon species belonging to the superfamily Hedbergelloidea LONGORIA
and GAMPER, 1975 (e. g., DALBIEZ 1955; BOLLI 1957; SALAJandSAMUEL 1966; PESSAGNO 1969;
STURM 1969; BELLIER 1973; MASLAKOVA 1977 - comp. table 6). However, these zonations
reply mainly to the lower latitudes, where the rapidly evolving species dominate in warm cir­
cumequatorial waters. General zonations (BOLLI 1966; POSTUMA 1971; van HINTE 1972, 1976)
were based on the data from the literature and they can be applied to lower latitudes only.

Endemic factors also create difficulties in the correlation of the Upper Cretaceous deposits;
for example, ASANO and TAKAYANAGI (1965) established 6 zones of planktic foraminifera in the .
Upper Cretaceous profile of Hokkaido (Upper Albian - Campanian), but their subdivision
appears to be only of regional interest as it is based on forms known endemic to only the Pacific
basin.

To date, only a limited number of studies of the assemblages of planktic foraminifera from
the areas of higher latitudes was undertaken, and they dealt with the assemblages from one or
two, rarely three stages (e. g., BERGGREN 1962; DOUGLAS and RANKIN 1969; NORLING 1973;
BAILEY 1978). No studies of planktic foraminifera for the whole of the Upper Cretaceous have
yet been made from temperate or boreal zones.

The Upper Cretaceous deposits cropping out in the Vistula River valley of the Central
Polish Uplands constitute the most complete profile of the Upper Cretaceous in Europe. They
crop out over a distance of 60 km, from Piotrowice in the south to Bochotnica in the north
(fig. 1), in many places in the steep Vistula riverside and in several quarries (fig. 1). I sampled 33
localities (fig. 1, table 1) situated there. The assemblage of planktic foraminifers occurring
in the profile studied comprises 90 species, 5 of them being new (table 3). Several species are
described in open nomenclature because of the bad preservation or insufficient number of spe­
cimens.

The purpose of this paper is to document the assemblages of planktic foraminifera, to
distinguish biostratigraphic zones on the basis of these foraminifera, to correlate these zones
with orthostratigraphic cephalopod zones and parastratigraphic inoceram zones and, finally,
to correlate them with the foraminiferal zones distinguished in other areas.

This work was conducted in 1973-1977 at the Institute of Paleobiology of the Polish
Academy of Sciences, Warszawa (abbr. ZPAL), where the collection described is housed.
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Fig. 1

location of sampled outcrops and synthetic geologic profile in the area of Middle Vistula River valley (after Pozaryski,
1938)
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Table 1

Location (comp. fig. 1) and characteristic of the outcrops studied

Stratigraphical position

7

Locality

1 I
Jakubowice

Piotrowice

Karsy

Opoczka

Kolonia
Slupia
Nadbrzezna

Slupia
Nadbrzezna

Wesol6wka
31*

Wesol6wka
32*

Wesol6wka
33-35*

Wesol6wka
37-39*

Detailed location

2

800 m north of the bridge
over Vistula river

gorge 300 m south of the
village

smaIl quarry 500 m N of
Karsy and 900 m W of
Ozarow-Tarl6w road

outcrop in steep rivers ide
300 m S of the bridge over
Vistula river

3 meters high escarp be­
side the road running
from Slup ia Nadbrzezna,
on the northern end of
gorge lying in the north­
ern end of village

outcrop in the riverside,
in the gorge separating
Leopold6w and Weso­
16wka villages

gorge S of village in place
of being crossed by the
road running to Slupia
Nadbrzezna

outcrop on a level of path
300 m N of the outlet of
gorge ment ioned above

escarp of the left riverside,
250 m N of preceding out­
crop. Sample 33 taken on
a level of path, sample 34
taken 4 m higher and sam­
ple 35 taken still 3m
higher

northern slope of small
gorge opened to the Vis­
tula River valley N of
Wesol6wka. Sample 37
taken 2 m above the level
of path, sample 38 taken
3m higher and sample 39
- still 2 m higher

Lithology

3

glauconitic sandy
marls 2 m thick,
with phosphoritic
bed of hard ground
in the top

marly opoka with
flints

white hard opoka
with rare black
flints

opoka with very
abundant cherts of
irregular shape

limy opoka with
plentiful cherts ir­
regular in shape

white opoka with
rare irregular
cherts and flints

opoka

opoka

opoka with black
flints

marly opoka

based upon macrofauna,
after POZARYSKI (1938,

1948) if .not stated
otherwise

I 4 I
Cenomanian (SAMSONo­
WICZ, 1925, POZARYSKI
1947, CIESLlNSKlI959)

Lower Turonian (Inocera­
mus lamarcki PARKINS.)

Lower Turonian (lnocera­
mus lamarcki PARKINS.)

Upper Turonian (based on
the lithological paralies to
the faun istically determined
strata at the left side of
Vistula river)

Upper Turonian (lnocera­
mus woodsiFIEGL and Ino­
ceramuscostellatusWOODS)

horizon "c"

horizon "c"

horizon "c"

horizon "d"

horizon "d"

based on planktic
foraminifera

5

Hedbergella planispira
zone
Rotallpora cushmani
zone

Helvetoglobotruncana
helvetica zone

Helvetoglobotruncana
helvetica zone

Helvetoglobotruncana
helvetica zone .
Marginotruncana eo­
ronata zone

Marginotruncana eo­
ronata zone

Marglnotruncana
coronata zone

Marginotruncana
coronata zone

Marginotruncana
coronata zone

Marginotruncana
coronata zone

Marginotruncana
coronata zone
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Table 1
(continued)

Wesol6wka
40·

Wesol6wka
41·
Wesol6wka
42·
Wesol6wka
43·
Wesol6wka
44·

Wesol6wka
45·

Swieciechow

Sulej6w

Bliskowice

Walowice

Dorotka

Ciszyca
Kolonia

J6zef6w

Ciszyca
G 6rna

Lopoczno

Kaliszany

Wola
Pawlowska

Piotrawin

2

150 m N of preceding out­
crop, 10 m above the path
level
10m higher, the same lo­
cality as Wesol6wka 40
70 m N of preceding out­
crop
40 m N of preceding out­
crop
outcrop in the middle of
the Vistul a riverside, 40m
N of outcrop Wesol6­
wka 43
quarry, 100 m N of out­
crop Wesol6wka 44

fields of the village, out­
crop in the road 300 m N E
church
quarry in the village

outcrop in the road com­
ing to the road Annopol
-J6zef6w near the chapel
side-space of the road An ­
nopol-J6zef6w in the
village
small quarry in the village

700 m S of the village,
small quarry in the left
side of gorge opening to
the Vistula River valley
escarp at the river

outcrop in steep sides pace
of the road W61ka Lipo­
wa-Ciszyca G6rna, in the
village
escarp several metres high,
500 metres long, in the
steep riverside
outcrop 5 metres above
the valley bottom
northern slope of the Ka­
mienna river valley , small
quarry in place of its out­
let to the Vistula River
valley
big quarry (500 m long,
30 m high)

3

glauconitic op oka

gla uconitic opoka

opoka with inter­
layers of flints
opoka with inter­
layers of flints
opoka

opoka

marl y opoka

opoka

opoka

opoka

opoka

opoka

opoka

opoka

opoka

opoka

marly opoka

opoka interlayered
by ma rls in places

4
horizon "e"

horizon "e"

horizon "f"

horizon "f"

horizon "g" (Santonian­
-POZARYSKI, 1938, Cam­
panian-BLASZKIEWICZ,
1966)

horizon "h " (Sa ntonian ­
-POZARYSKI, 1938, Cam­
panian-BLASZKIEWICZ,
1966) and horizon " i"
(Campanian)
horizons "f" and "g"

horizon "k"

horizon "k"

horizon "I"

horizon "n"

horizon "p"

horizon "r"

horizon "r"

horizon "s"

horizon "s"

horizon "s"

horizon " t" (boundary
bet ween Campanian and
Maa strichtian-KoNGIEL
1962, BLASZKIEWICZ, 1966,
POZARYSKI, 1966 - being
established in the quarry)

I 5

Globotruncana
lapparenti zo ne

Globotruneana
fornicata zone
Globotruneana
fornicata zone
Globotruneana
fornicata zone
Globotruneana area
zone

Globotruneana area
zone

probably Globotrun­
eana area (very POOr
ass emblage)
Globigerinelloides
multispinus zone
Globigerinelloides
multispinus zone

Globigerinelloides
multispinus zone

Globigerinelloides
multispinus zone
Globigerinelloides
multispinus zone

Globigerinelloides
multispinus zone
Globigerine lloides
multispinus zone

Globigerine lloides
multispinus zone

Globigerinelloides
multispinus zone
Globigerinelloides
multispinus zone

Globigerinelloides
multispinus zone
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Table 1

(contin ued)

9

marly opoka and horizon "w"
marls
opoka, in the top horizon "x"
2 layers of marls
(of thickness 1 m)
opoka horizon "x"

opoka covered with horizon "y"
limestone with well
developed hard
ground
opoka inte rlayer- horizon "y"
ed with marl, co-
vered with Iime- horizon "z"
stone (1 m thick)
being the hard
ground. Abo ve -
phosphoritic bed
with numerous frag-
ment s of belemni -
tes, higher - siwak.

Dziurk6w

Solec

Kludzie

Boiska

Bialobrzegi

Jarentowskie
Pole

Chotcza
Lucimia

Dobre

Podgorz

Mecrnierz

Kazimierz

Janowiec

Nasil6w

Bochotnica

2

outcrop beside the road
Dziurk6w-Lipsko, 15 me­
tres high escarp 200 m S of
the bus stop
steep slope near the cros ­
sing of roads : Lipsko -Cze­
karzewice-Ostrowiec and
that running to the centre
of village
outcro p in the Vistul a river­
side near the outlet of
small gorge running from
the village
outcrop in the middle part
of the slope of riverside
lower part of the slope of
riverside
slope of the Vistula river­
side, in half of distance
between Bialobrzegi and
Jarentowskie Pole
exploit ation hole of chalk
exploitation hole of chalk
1.5 km NE of the village,
in the slope of the Vistula
riverside, above the ro ad
to Baryczka
steep escarp in the river-
side between villages :
Podg6rzand Dobre
outcrop in the riverside

escarp 25 metres high over
the Vistula riverside
big quarry (500 m long,
30 m high)

outcrop in the Vistula ri­
verside opposite Kazi­
mierz
big quarry

gorge opened to the Vis­
tula R iver valley

3

opoka

opoka

marly opoka

marls

marl s

marl y opoka

chalk
chalk

marls

marls

4

horizon "u"

horizon "v"

horizon "v"

horizon "w"

horizon "w"

horizon "w"

horizon "w"
horizon "w"

horizon "w"

horizon "w"

5

Globigerinelloides
multispinus zone

Globigerin elloides
multispinus zone

Rugoglobig erina
pennyi zone

Rugog lobigerina
pennyi zone
Rugoglobigerina
pennyi zone
Rugoglobigerina

pennyi zone .

Rugoglobigerina
pennyi zone
Guembelitria
eretaeea zone

Guembelitria eretaeea
zone

Guembelitria eretaeea
zone
Guembelitria eretaeea
zone
Guembelitria eretaeea
zone

Guembelitria eretaeea
zone

Guembelitria eretaeea
zone

Guembelitria eretaeea
zone
Danian

• Numbers of ou tcrops in Wesol6wka after POZARYSKA (1957) to enable comparison of benthic and planktic foraminifera .
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ducing me in the problems of taxonomy of planktic foraminifera and for valuable remarks on my
determination of foraminifera and proposed zonation. My appreciation is also given to Pro­
fessor O. PAZDRO (Institute of Geological Sciences, Polish Academy of Sciences, Warszawa),
Dr. S. CIESLINSKI (Geological Institute, Warszawa), Professor Dr. J. KUTEK (Faculty of
Geology of the University of Warsaw), Dr. J. SZCZECHURA (Institute of Paleobiology, Polish
Academy of Sciences, Warszawa) and to Dr.T. M . PERYT (Geological Institute, Warszawa)
for numerous discussions and valu able comments. Special thanks are extended to Dr. D.
B. SMITH (Ins titute of Geological Sciences, London) for language improvement. Mrs. D.
SLAWIK (Institute of Paleobiology, Warszawa) made the drawings. Scanning electron micro­
graphs were made at the Laboratory of Electron Microscopy of the Nencki Institute of Expe­
rimental Biology, Warszawa, and at the Geological Institute of the University of Fribourg
(Switzerland).

REVIEW OF STRATIGRAPHIC STUDIES

The Cretaceous deposits cropping out in th e area studied have long interested geologists.
Early papers date from the first half of the nineteenth century, but only KRISTAFOWICZ (1895,
1897, 1898 - fide POZARYSKI 1938) properly interpreted the stratigraphy and tectonics of the
region. SAMSONOWICZ (1924, 1925, 1934) demonstrated the existence of Albian and Cenomanian
strata in the bottom of the Vistula River profile and discovered the R ach6w anticline, an im­
portant tectonic structure in that area. LUNIEWSKI (1923) contributed to the geology of the
southern part of the region discuss ed. POZARYSKI (1938) established the detailed stratigraphy of
the Upper Cretaceous of the Vistula River profile on the basis of macrofauna (Cephalopoda,
Brachiopoda, Lamellibrachiata, Gastropoda and Echinoidea). He defined the boundaries
between stages and subdivided the stages into local horizons (comp. table 2). Further studies
of POZARYSKI (1947, 1948, 1951) contributed mainly to the understanding of the stratigraphy
and tectonics in that are a. POZARYSKI'S stratigraphic subdivision of the Upper Cretaceous be­
came a fertile ground for later studies which only slightly modified it, mainly at the stage boun­
daries (comp. table 2). POZARYSKA (1965) demonstrated that the uppermost Maastrichtian
strata, so called Zyrzyn Beds, are lacking in the Vistula River profile, the Paleocene directly
overlying a hardground at the top of a limestone of low Upper Maastrichtian age. KONGIEL
(1962) studying belemnites from the Santonian, Campanian and Maastrichtian deposits, changed
the upper boundary of the Campani an, including in the latter stage the local horizons "s"
and "t", formerly rega rded as being the lowermost Maastrichtian (POZARYSKI 1938). BLASZKIE­
WICZ (1966) presented a new subdivision of the Campanian and Maastrichtian. He distinguished
10 cephalopod zones within the local horizons "g" to "s" (comp. table 2). He placed the bound­
ary between the Campanian and Maastrichtian within the horizon "t". In addition, BLASZ­
KIEWICZ (1966) moved the lower boundary of the Campanian downwards, so as to include the
horizons "g" and "h" in the Campanian, in contrast to POZARYSKI (1938) and KONGIEL (1962)
who put this boundary between the horizons "h" and "i" (table 2).

The following faunal groups, occurring in the Upper Cretaceous were studied: molluscs
and gastropods (KRACH 1936, KURLENDA 1966, M~TWIEJEW6wNA 1935), echinoids (KONGIEL
1935, CIESLINSKI 1959), ammonites (CIESLINSKI 1959, BLASZKIEWICZ 1966), belemnites (KONGIEL
1962, BLASZKIEWICZ 1966, KURLENDA 1966), brachiopods (PoPIEL-BARCZYK 1968), pelecypods
(PUGACZEWSKA 1977). Besides, POZARYSKA (1954) described 27 species ofbenthic index foramini­
fera for particular stages. POZARYSKI and WnWICKA(1956) reported 18 species of Globotruncana
(now assigned to other 5 genera) and on the basis of these species they established 3 strati­
graphic assemblages: 1 - Cenomanian-Lower Turonian, 2. Upper Turonian-Lower Santonian,
and 3. Upper Santonian-Maastrichtian (table 2). The important paleogeographic conclusion of
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Table 2
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The results of stratigraphic studies of the Upper Cretaceous deposits in the Middle Vistula River valley (after
different authors)
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POZARYSKI and WITWICKA (1956) was that the fauna was free to disperse between the intercon­
nected North-European epicontinental trough and the Tethys during Cenomanian to Santonian
times, whereas in Campanian and Maastrichtian times the connection was restricted.

In her monography on the Lagenidae, POZARYSKA (1957) described 200 species and
discussed the relations between the number of foraminifera and the type of deposit. POZARYSKI

and POZARYSKA (1960) verified the age of strata occurring in the top of the Upper Cretaceous
profile near Pulawy on the basis of Foraminifera. They demonstrated that Danian foraminifers
occur in the phosphoritic layer (horizon "z"), overlying the Upper Maastrichtian opoka. The
phosphoritic layer is packed with the index Upper Maastrichtian species of belemnites, but they
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are evidently reworked. It should be mentioned that the Upper Cretaceous planktic foramini­
fera of the other regions in Poland were a subject of numerous studies (ALEXANDROWICZ 1956;
ALEXANDROWICZ 1966; KSIJ\ZKIEWICZ 1956; BIEDA 1958; WITWICKA 1958; SZCZECHURA 1958;
LISZKOWA 1967; GAWOR-BIEDOWA 1972; TEISSEYRE 1975 and others).

From the Upper Maastrichtian of the Vistula River ostracods (SZCZECHURA 1964, 1965)
and coccoliths (G6RKA 1957) were described. Recently GAZDZICKA (1978) studied the coccoliths
from the Campanian and Maastrichtian and established coccolith zonation; her results will be
discussed later.

LITHOLOGY

The Upper Cretaceous deposits of the Vistula River profile are a 900 m thick sequence
of carbonate and carbonate-siliceous rocks. The lithology of these deposits has been studied by
many authors. POZARYSKI (1938) presented the general petrographic characteristics of the Upper
Cretaceous deposits of the Vistula River profile, POZARYSKA (1952) dealt with the sedimentologic
problems of the Maastrichtian sequence, KURLENDA (1967) discussed the changes in petrographic
development of the part of the Upper Cretaceous profile (Upper Turonian-Lower Campanian)
and WYRWICKA (1977) gave the detailed lithologic characteristics of the Maastrichtian rocks,
based upon examinations with the optical microscope, SEM, chemical determinations and
studies of physical properties. Other papers (e. g., SUJKOWSKI 1931, POZARYSKI 1947, 1951,
UBERNA 1955, 1967, MORAWIECKI 1957, RADWANSKI 1960, KOWALSKI 1961, BLASZKIEWICZ
1962, LOZINSKA-STJ;jPIEN 1964, 1965, KURLENDA 1967, POZARYSKI and POZARYSKA 1970, CIE­
SLINSKI and WYRWICKA 1970) dealt with different aspects of the lithology. .

The carbonate and carbonate/siliceous rocks of the Vistula River profile are extremely
uniform, differing only in their content of quartz and glauconite. That is why these rock types
are described jointly below. The observed differences in the rocks of different ages are mentioned
when discussing the Upper Cretaceous lithologic profile. The environmental interpretation of the
various rock-types was discussed by POZARYSKA (1952) and will not be repeated here. Similarly,
the sandy deposits described in detail by UBERNA (1967) will not be considered.

Rock types

Limestones are light grey to yellow-grey in colour, hard and massive, the fracture being
most frequently rough. They are micritic or microsparitic organodetritic limestones, most
frequently packed biomicrites containing relatively large numbers of quartz grains (of diameter
less than 0·3 mm) and glauconite. In addition, pyrite occurs both as concentrations and as
impregnations of tests. Foraminiferal tests, sponge spicules, inoceram fibres, fragments of
echinoderms and shells of other molluscs are the main bioclastic components. The sparse biomi­
crites, not differing qualitatively in general when compared with the packed biomicrites, occur
relatively rarely. SEM studies indicate that the matrix is detrital apart from the small amount
of marly material; the organic detritus (mainly coccoliths) predominates.

Chalk is white, soft, highly porous. It is a very pure carbonate deposit with only trace
amounts of detrital clay, silt or sand and virtually no glauconite or phosphate. In thin section,
the carbonate fraction (95-96 % of the rock) consists of sparse or packed biomicrites with
numerous planktic and benthic foraminifera. Mollusc fragments, echinoderm plates and sponge
spicules are important macrofossil components while belemnites and bryozoans are important
at some horizons. SI;M studies revealed that the predominant rock components are coccoliths.
The non-carbonate fraction consists of quartz grains (generally 0·01--0·1 mm) and, more rarely,
glauconite and pyrite.
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Opokas are the prevailing principal rock type in the Upper Cretaceous profile of the
Vistula River valley. They are yellow-white to light grey in colour, hard to very hard, light and
porous. Most frequently they are sparse biomicrites, strongly impregnated by opal. Foramini­
feral tests or sponge spicules prevail in the composition, more rarely fragments of brachiopods,
molluscs and echinoids are present, while bryozoans and radiolarians occur rarely. Quartz
grains (usually less than 0·15 mm diameter) occur in small amount (less than 10 %), glauconite
is rarer and forms light green, oval or reniform grains of 0·02-0·2 mm diameter; it also fills
foraminiferal chambers and some spicule canals, In addition, piryte or ferrous hydroxides occur
in form of the lumps unevenly distributed in the matrix and as impregnations of skeletal

.fragments.
Gaizes are yellow-green in colour, fragile, porous. The grain components form more than

50 %of the rock; glauconite (often 25 %of rock, forms grains of diameter 0,1-0,5 mm), quartz
(less than 20 %, of diameter 0,01-0,08, maximum O' 3 mm) and skeletal fragments (less than 10%;
fragments of incocerams, other molluscs, gastropods, echinoids, foraminiferal tests filled most
commonly by opal or glauconite and spicules of siliceous sponges) are the main skeletal compo­
nents. Feldspar grains, lumps of ferroan hydroxides and single grains of phosphates and
collophane fragments occur in subordinate amounts. The matrix, of contact type, is a siliceous­
clayey mass with admixtures of ferroan hydroxides.

Marls are grey or light grey in colour, hard and massive. The matrix is composed of
cryptocrystalline carbonate-clayey material, in which angular quartz grains (of diameter up
to 0·1 mm) occur in variable amounts. Pyrite is common, while glauconite occurs only in trivial
quantities. In the matrix foraminiferal tests are locally abundant, fragments of other molluscs,
brachiopods and bryozoans or radiolarians are rare. Organic fragments composed of collophane
are numerous.

Description of the Upper Cretaceous profile

The profile studied begins with glauconitic sandy marls of the Cenomanian, overlying
Albian sandstones and phosphoritic layer (SAMSONOWICZ 1925; POZARYSKI 1947). At the Low­
er-Upper Cenomanian boundary a hardground is observed. The thickness of the Cenoma­
nian deposits is variable (UBERNA 1967); in Jakubowice (fig. I; table I) it ranges between I and
2m.

The Cenomanian deposits are overlain by the Turonian deposits, 220 m thick (POZARYSKI
1938). The lower part of the Lower Turonian, the Inoceramus labiatus zone, is developed as
inoceram-oligostegine limestones, locally passing laterally into gaizes with glauconite and quartz
and phosphoritic concretions lCIESLINSKI and WYRWICKA 1970). In the lower part of the
Inoceramus lamarcki zone white marls occur, a few metres thick, without glauconite. Towards
the top they pass into opokas with irregular cherts forming partings up to 15 cm thick arranged
in layers. In the area of Piotrowice the opokas are decalcified (POZARYSKI 1951) in the top part.
In the uppermost part of the Inoceramus lamarcki zone opokas with bands of platy cherts several
centimetres thick occur. The Inoceramus costellatus - Inoceramus inconstans zone is represented
by white limy opokas (containing, according to KURLENDA 1967, about 50-65 %of CaCOa and
30-47 %of insoluble residue) with cherts and grey flints with white dots in places. The top part
of the Turonian - the Inoceramus schloenbachi zone - is represented by white marls with
grey flints .

The total thickness of the Coniacian deposits overlying the Turonian deposits is about
30 m. They are white marls, containing 73 %of CaCOa and 20 %of insoluble residue according
to KURLNDA 1967 with light grey flints at the bottom and white limy opokas (53 %of CaCOa
and 40 %of insoluble residue) with light grey flints in the top. In the topmost part of the Conia­
cian deposits, at the boundary with the Santonian deposits, a layer of light grey flints 25 cm



14 DANUTA PERYT

t
ge Znne Outcrops

euembeli t ria
ceeeeeee

M~6mierz

b-------:~

~~~~=~

Podg6r z

t:"-------il
~-:.--:..-:..:~

..Ru909 10b i qerina

pe nn yi

L~Cln:~
_~'!:'-...l

t:~~=:l
t:=-=-:.=:I

Kludz ie

~

Bol s k a

~

Jaren~owgk i e __ Chotc!~
_P.:':e_ ~:::-...1

Blalobrzegi ~-.:-=-:-~
~::=::-;:~

Gl o biQ" r lnelloi de s

D'Ulti spi n Lls

Wo l a
Pawl o ws k a

~

Su l e j 6w

Oziu rk6w

~

D:>rotka

~

Ci s zy c a
Ko lonl a

~

Ciszy c a
G6 r n a

~ J 6 ze f6w

Wa lowlce

~

Lopo czno

~

Kal l szany

~

PlotrawJ.n

~

G..Iobo t runcdln a
ared

~wleclechOw

~

We so16wka 42

~
Weso l.6wka

41

~."
Globot r unc an a

lapparen ti

Gl o bo t runcdM

f ornloaea

~

~~---+----------t~:r:;t4~-----------~
VI

Wes ol6wka

~
Shpla Wesot6wka 3 1~n

~ adb r 2 e zn a ~

~
KOt. s t uo t a
Nddb rze :ina

~
Opo c z k a

t- r o e r o-...t c e

J a<ubo wl .,e ~

M4 r ql no t r unc ana
coron'a t dI

::i
~ r---r----~-I~~~~---------l
~ e l vetog l obotru.'1c d! ]

hclve ti c a

1-+--------t-fftFiia

~J
- _- _ 37

~ ..flota l~ pora cu s hman

7. Hedber qella ~ l2
~ pl ani spira ~ I m

C]1 l~ ---16- -- I-:.---j 'r---
Fig. 2
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thick occurs. According to KURLENDA (1967) it originated by the washing out of the underlying
flinty opokas during emersion at the end of the Coniacian.

The Santonian deposits, of total thickness of60 m (comp. POZARYSKI 1938), begin with light
yellow opokas containing 43-50 % of CaCOa and 45-47 % of insoluble residue (comp. KURLENDA
1967) with light grey cherts. In the lowermost part of the Santonian deposits the sudden increase
of the glauconite and quartz content is marked when compared with the Turonian and Coniacian
deposits; 5 % versus 1% for glauconite and 2 % versus less than. 0·6 % for quartz, respectively
(KURLENDA 1967). The size of grains increases as well. It should be noted that this increase in the
content of glauconite and quartz is marked only in the lowermost part of the Santonian deposits
and later the content of both components decreases relatively sharply to 1% (comp. POZARYSKI
1938, KURLENDA 1967). In the upper part of the San tonian profile there are light yellow limy
opokas (containing, according to KURLENDA 1967, 53-56 % of CaCOa and 40 % of insoluble
residue) together with light grey cherts.

The Campanian deposits, of total thickness 220 m are light yellow limy opokas, containing
55 % of CaCOa and 38 % of insoluble residue (KURLENDA 1967), interlayered with marls. At the
bottom of the Campanian deposits a glauconite bed occurs (BLASZKIEWICZ ·1962). BLASZKIEWICZ
(1962) concluded that the association ofbelemnite rostra (showing traces of corrosion), phospha­
tic concretions and evidence of scouring activity of currents seem to testify to breaks in the
sedimentation. The Campanian opokas pass gradually into the Maastrichtian opokas. They
can be distinguished only by their fauna.

The Maastrichtian deposits are about 370 m thick and according to POZARYSKI (1938),
comprise two lithologic units. In the Lower Maastrichtian there are 120 m of marly opokas
(containing 35-50 % of CaCOa) with intercalations of soft whitening rock (containing 60-70 %
of CaCOa) (horizons "s ", " t", "u" ,' '' v''). In the Upper Maastrichtian 200 m of marls with
intercalations of chalk, containing 70-80 % of CaCOa, are present (horizon " w"). Higher in the
profile, opokas with marls intercalations (the so called "Kazimi erz opoka" of CaCOa content
more than 20 % and of thickness 50 m - horizon "x") occur. In the top of the Maastrichtian
the white hard limestone containing more than 90 % of CaCOaand of thickness 1 m (horizon "y"),
known from outcrops in Bochotnica and Nasilo w (comp. figs. 1,2) is present. WYRWICKA (1977)
accepted the tripartite lithologic division of the Maastrichtian and distinguished two transitional
series. Above the limestone, in Bochotnica, there is a bed 0·4 m thick of fine-grained glauconitic
marly limestone with numerous phosphoritic concretions. It belongs to the Danian (POZ.ARYSKA
1967). The uppermost part of the Maastrichtian is not represented in the Vistula River profile
(POZARYSKA 1965).

FORAMINIFERAL BIOSTRATIGRAPHY

On the basis of the study of the planktic foraminifera from the Upper Cretaceous profile
of the Vistula River valley (Tabl e 3) it has been possible to distinguish 10 foraminiferal zones.
These zones are ofB types : 1. range-zones (e. g., Guembelitria cretacea Zone), 2. interval-zones
(e.g., Marginotruncana coronata Zone), and 3. assemblage-zone (Hedberge/la planispira Zone).

The assemblage charact eris tic for each zone, comprises the following groups of species:
1. species occurring in a given zone only;
2. species appearing in a given zone and passing higher;
3. species occurring in a given zone and lower;
4. transit species, occurring both in a given zone and in adjacent zones.
In addition, some species may occur in a part of a given zone only. For establishing the

boundaries of zones only the first two categories of species were taken into account.
The Upper Cretaceous successions in various parts of the world have been subdivided on

the basis of planktic foraminifers, mainly globotruncanides, especially in the lower latitudes.
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Occurrence of planktic Foraminifera in the outcrops examined
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The rate of evolution in populations of planktic foraminifera was more rapid in the warm
Tethyan water than in the temperate or boreal zones. Furthermore, the species composition of
assemblages is different in temperate and boreal zones compared with warm water zones, so
that in these areas it is impossible to recognize the zones characteristic of lower latitudes, such
as the Dicarinella concavata Zone, Globotruncana calcarata Zone, Globotruncanita gansseri
Zone or Abathomphalus mayaroensis Zone, in temperate areas. Therefore, when distinguishing
new zones, for the zonal index, I selected species of wide geographical distribution and with
clearly defined futures, by which they can be easily and accurately identified.

The following biozones were recognized in upward succession:
, 1. Hedbergella planispira Zone
2. Rotalipora cushmani Zone
3. Helvetoglobotruncana helvetica Zone
4. Marginotruncana coronata Zone
5. Globotruncana lapparenti Zone
6. Globotruncana fornicata Zone
7. Globotruncana area Zone
8. Globigerinelloides multispinus Zone
9. Rugoglobigerina pennyi Zone

10. Guembelitria eretacea Zone.

Hedhergella planispira Zone

Category: Assemblage-zone.
Age: Lower Cenomanian.
Definition : Interval, with abundant small hedbergellas to the first appearance of Rotalipora

cushmani (Monnow) (tables 2, 4).
Characteristics: Characterized by common occurrence of Hedbergella planispira (TAPPAN),

H. angolae CARON, H. cr. caspia (VASSILENKO), H. delrioensis (CARSEY) and absence of Rotali­
pora cushmani (Monnow). Besides, Praeglobotruncana delrioensis (PLUMMER), Globigerinelloides
caseyi (BoLLI, LoEBLICH and TAPPAN) and Hedbergella simplicissima (MAGNE and SIGAL) occur
in small number (tables 3, 4, 5).

Remarks. - In all earlier zonations, the Cenomanian stage was subdivided on the basis
of species belonging to the genera Rotalipora and Thalmanninella (comp. table 6). In the Vistula
River profile Thalmanninella is absent and Rotalipora is represented by one species, R. cushmani
(Monnow), the index fossil for the Upper Cenomanian zone of the same name. Because of the
absence of planktic foraminifera which could serve for establishing the age of the Hedbergella
planispira Zone, the Lower Cenomanian age of the zone is accepted on the basis of its position
in the profile and the earlier determination of its age on the basis of cephalopods (POZARYSKI
1947, CIESLINSKI 1959). The Hedbergella planispira Zone differs from the previously established
zones in the Lower Cenomanian in the world firstly in the lack of representatives of Thalmanni­
nella. However, the presence of representatives of Hedbergella, especially H. planispira (TAPPAN)
and H. delrioensis (CARSEY), the presence of Praeglobotruncana delrioensis (PLUMMER) and
Globigerinelloides caseyi (BoLLI, LOEBLICH and TAPPAN), and the absence of Rotalipora cushmani
(MORROW), permit correlation of the Hedbergella planispira Zone with the Rotalipora voluta
zone of the Gulf Coastal Plain (PESSAGNO 1967) and the Rotalipora appenninica zone of Cali­
fornia (DoUGLAS 1969) and Libya (BARR 1972). The Hedbergella planispira Zone is
equivalent to the assemblage "IV" described by HELLER (1975) from the Lodz region and other
equivalents (comp. table 6) are the "zone 3" recognized in Switzerland (CARON 1966), zones
CnI and Cn2 in SE France (PORTHAULT 1974) and, in the general zonations, the following zones:
Rotalipora reicheli, Rotalipora brotzeni and Rotalipora appenninica (BoLLI 1966) and Rotalipora
apenninica-Rotalipora buxtorfii (van HINTE 1976).
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T able 4

Ranges of planktic Foraminifera in the Middle Vistula River profile
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Hedbergella brittonensis
RotaHpora cushmani r--
Dlcarinella imbri ca t a -
Helvetogl obotruncana helvet ica --
Prae globotruncana hi l alens i s -
Dicarinella biconve xa bi convexa -
Dicarinella bi con vexa gi gantea --Hedbergella sp • -Dicarinella longoriai
Whi tei nella balti ca
Marginotruncana marginata
Het erohelix reus si
Harg ino truncana caronae
Harginotrunca na sp .
Mar gi no t r uncana pseudol i nne i ana.
Hargi notruncana co ronata
He dbergella por t sdow nensi s
Heterohe lix globu losa
Heterohe l ix marernani
Marginot run ca na s p . l -Marginotruncana ef . renzi -
Harginotruncana s i nu os e
Gl obi gerine lloi de s bentonensis
Har gi no t r uncana paraco ncavata
Hedbergella bo rnhol mensis
Ar chaeogl obigerina bosquen s is
Har gi no t r uncana longilocula
Ar chaeogl ob i ge r i na cretacea
Ar chaeogl obi ge r i na bl owi
Globo t r unc ana l appa re n t i
Planog lobu l ina carseyae - - ----- --- -- '-Globotruncana linneiana
Globo t r unq ana f orni cata
Globo t r uncana obliqua
Pseudotext ul aria sp . -
Dicarinella cf . ccncevara -
d'l obo t r uncana area
Globotruncana ven tri cosa
Globotruncana church i
He t e r ohe li x ultimat umida
Heterohe l ix ven t ilabr el li fo rmi s
He t e r oheli x striata
Gl obotrunca na pessagnoi -
Globotruncana pl ummerae -
Heterohelix pulchr a -
Globotruncana bu l l o ides
Globige r i nelloide s mul ti s pin us
Chi loguernbel i na pr aecursor - - -----
Glo bigerinelloi de s prairi ehil lensis
Glob i ge r inelloides volut us
Gl ob igerinelloides ya ucoe nsis
Rugo gl obigerina rugosa
Abathornphalus ? cf . suoor na t us -
Abathomphalus ? hill i I- ---
Globot runcana sp , I -
Globotruncana sp . 2 -
Heterohelix planata
Globotruncana no t ht
Gl obo t r uncana sp, -
Glooo truncana pozarY5k ae f-- ---
Guembeli t r i a harri s i --- ---
Rugogl ob igerina mi l amensi s
Rugoglob i geri na pe nn yi - I---
Rugoglobigeri na hexacamerata - I--
Globotruncanel l a pe t alo i de a
Hedberge lla crassa
Globo t r uncana pa t e l li f ormis
Glob otruncanita e levat a
Pseudotextularia de fo rmi s
Race miguembel ina powel li
Pl.Jno gl obulina ace rvul inoi des
Planog l obulina bra zoens is
Pseudotextularia c f . e legans
Guembel i t ria cretacea -
Heter ohe l ix vi s t ulaens i s -
Pseudoguembelina sp , -
Heterohel ix navarr oen s i s -
Guembel i t r i a ce llomana -
Rugoglob i ge r i na rot undata -
Guembeli triella sp. -
Rugoglob igerina macroce phala -
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Rotalipora cushmani Zone

Category: Range-zone
Age: Upper Cenomanian
Definition: Total range of Rotalipora cushmani (Monnow) (tables 3, 4).
Characteristics: In addition to the index fossil, Praeglobotruncana stephani (GANDOLFI)

and Hedbergella brittonensis LOEBLICH and TAPPAN make their appearance in this zone. Globi­
gerinelloides caseyi BOLLI, LOEBLICH and TAPPAN has its last occurrence. Hedbergella angolae
CARON, H. cf. caspia (VASSILENKO), H. delrioensis (CARSEY) and H. planispira (TAPPAN) are
transit species (table 3, 4, 5).

Remarks. - This zone was established in Italy (BORSETTI 1961) as a subzone. BOLLI (1966)
recognized it as a zone. In other regions the assemblage of planktic foraminifera from the
Rotalipora cushmani Zone if often more varied and abundant when compared with the Polish
assemblage, especially in areas of warm water deposits.t Taking into account its rather poor
species composition, the Rotalipora cushmani Zone from central Poland is very similar to the
zone of the same name recognized in Belgium (MOORKENS 1969). In the Polish assemblage,
apart from the following species: Rotalipora cushmani (Monnow), Hedbergella delrioensis
(CARSEY), Praeglobotruncana stephani (GANDOLFI), P. delrioensis (PLUMMER), being in common
with the Belgium assemblage, the genus Hedbergella is prevailing, while in the Belgium assem­
blage the genus Praeglobotruncana prevails. In the Rotalipora cushmani-greenhornensis Zone
from the Gulf Coast Plain (PESSAGNO 1967) almost all species found in Poland occur but in the
Polish assemblage the representatives of Schackoina are lacking. The age equivalents of the
Rotalipora cushmani Zone in Poland are the Rotalipora Zone in Austria (STURM 1969), the Upper
Rotalipora Zone in Tunis (DALBIEZ 1955), the Rotalipora cushmani-turonica Zone in Romania
(SANDULESCU 1969) and Western Carpathians (SALAJ and SAMUEL 1966) and the Rotalipora
cushmani Zone in California (DOUGLAS 1969b), southern USSR (MAsLAKovA 1977), Bulgaria
(VAPTZAROWA 1976b) and Libya .(BARR 1972). Moreover, the horizons Cn3, Cn4, Cn5, Cn6,
and Tul in SE France (PORTHAULT 1974) are equivalent; in all these zones Rotalipora cushmani
(MORROW) is present while Praeglobotruncana stephani (GANDOLFI) and numerous species of
Hedbergella and Helvetoglobotruncana helvetica (BoLLI) are absent. The "V" assemblage distin­
guished by HELLER (1975) in the Lodz region corresponds to the assemblage of the Rotalipora
cushmani zone from the Vistula River profile. The equivalents of the Rotalipora cushmani zone
of Central Poland are the Rotalipora cushmani Zone and Rotalipora gando/jii-Rotalipora green­
hornensis Zone in general zonations (comp. table 6).

Helvetoglobotruncana helvetica Zone

Category: Interval-zone
Age: Lower Turonian
Definition: Interval, with zonal marker from the last occurrence of Rotalipora cushmani

(MORROW) to the first occurrence of Marginotruncana coronata (BoLLI) (tables 3, 4).
Characteristics: Helvetoglobotruncana helvetica (BoLLI), Dicarinella imbricata (MoRNoD),

D. longoriai sp. n., D. biconvexa biconvexa (SAMUEL and SALAJ), D. biconvexa gigantea (SAMUEL
and SALAJ), Praeglobotruncana hilalensis BARR, Hedbergella sp. occur only in this zone. The last
occurrences of Praeglobotruncana delrioensis (PLUMMER), P. stephani (GANDOLFI), Hedbergella
simplicissima (MAGNE and SIGAL) were noted within this zone. Marginotruncana marginata
(REUss), Whiteinella baltica DOUGLAS and RANKIN and Heterohelix reussi (CUSHMAN) make
their appearance in this zone in the profile studied. Hedbergella angolae CARON, H. brittonensis
(LoEBLICH and TAPPAN), H. cf. caspia (VASSILENKO), H. delrioensis (CARSEY), H. planispira
(TAPPAN) are transit species (tables 3, 4, 5).

Remarks. - This zone was established in Tunis (DALBIEZ 1955). The index species was well
chosen and this zone has been accepted by most of workers, although it has not always been
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pistinguished within the range proposed by DALBIEZ. The H. helvetica Zone from the Vistula
river profile can be correlated with the zone of the same name recognized in Tunis (DALBIEZ
1955), Italy (BoRSETTI 1962), Bulgaria (VAPTZAROVA 1976b), southern USSR (MASLAKOVA
1977), Romania (SANDULESCU 1969), Belgium (MOORKENS 1969), NW Pacific (DoUGLAS 1971)
and Libya (BARR 1972) and with the Marginotruncana helvetica assemblage zone of the Gulf
Coast Plain (PESSAGNO 1967). It is coeval also with the Praeglobotruncana Zone established in
Austria (STURM 1969), Tu2 zone of France (PORTHAULT 1974) and ~one "VI" of Prealpes
medianes (CARON 1966). The composition of assemblages "VI" and "VII" described from the
Lodz region (HELLER 1975) is similar to that of the H. helvetica Zone. In general zonation its
equivalents are : Globotruncana helvetica Zone (van HINTE 1976) and Praeglobotruncana gigantea
and Hedbergella lehmanni Globotruncana helvetica Zones (BOLLI 1966) (comp. table 6).

Marginotruncana coronata Zone

Category: Interval-zone
Age: Upper Turonian-Coniacian
Definition: Interval, from the first occurrence of Marginotruncana coronata (BOLLI) to the

first occurrence of Globotruncana lapparenti BRoTzEN (tables 3, 4).
Characteristics: In addition to the Index species at the base of the zone Marginotruncana

pseudolinneiana PESSAGNO, M. caronae sp. n., Heterohelix globulosa (EHRENBERG), H. moremani
(CUSHMAN) and Hedberg ella portsdownensis (WILLIAMS-MITCHELL) make their appearance.
Marginotruncana SP'1 and Marginotruncana cf. renzi (GANDOLFI) occur only in the middle part
of the zone. Hedbergella bornholmensis DOUGLAS and RANKIN, 'M arginotruncana paraconcavata
PORTHAULT, M. sinuosa PORTHAULT, M. longilocula (GANDOLFI), Archaeoglobigerina blowi
PESSAGNO, A. bosquensis PESSAGNO, A. cretacea (d'ORBIGNY) and Globigerinolloides bentonensis
(MORROW) first appear in the upper part of the zone while Planoglobulina carseyae (PLUMMER)
first appear near the top. Hedbergella angolae CARON, H. cf. caspia (VASSILENKO) and Whiteinella
baltica DOUGLAS and RANKIN die out within the uppermost part of the zone. Marginotruncana
marginata (REUss), Hedbergella brittonensis LOEBLICH and TAPPAN, H . delrioensis (CARSEY),
H. planispira (TAPPAN) and Heterohelix reussi (CUSHMAN) are transit species (tables 3, 4, 5).

Remarks. - The time range of the Marginotruncana coronata Zone has been designated
in many ways (comp. table 6). It was established in Tunis (DALBIEZ 1955) as the Globotruncana
schneegansi Zone. BOLLI (1957) designated in Trinidad this horizon the Globotruncana renzi
Zone, later changed (BOLLI 1966) into Globotruncana schneegansi Zone. These two names are
most frequently used. DOUGLAS (l969b) designated the coeval horizon the Globotruncana
cachensis Zone and BARR (1972) the Globotruncana sigali Zone. It was established in Belgium
(MOORKENS 1969) as the Globotruncana coronata Zone. Analysis of the assemblage of planktic
foraminifera and of their vertical distribution shows that this horizon is coeval to the Margino­
truncana coronata Zone of the Vistula River profile. Another equivalent of the Marginotruncana
coronata Zone of the profile studied is the horizon with "big, flat Globotruncana" established
in Romania (SANDULESCU 1969). In Poland, the flat, large marginotruncans - M . coronata
(BOLLI), M. pseudolinneiana PESSAGNO, M. sp ., M. cf. renzi (GANDOLFI) do indeed dominate ­
while the forms used in the lower latitudes for distinguishing this zone (i. e., M . angusticarinata
(GANDOLFI), M. canaliculata (REUss), M. sigali (REICHEL)) are absent. On the same basis the
Marginotruncana coronala Zone can be correlated with the Globotruncana renzi Zone of Bulgaria
(VAPTZAROVA 1976a, b), Iraq (DARMOIAN 1975) and the Gulf Coast Plain (PESSAGNO 1967,
1969), with the Globotruncana schneegansi Zone of Austria (STURM 1969) and the Carribean
(PREMOLI SILVA and BOLLI 1973,) with the Globotruncana lapparenti lapparenti Zone and Globo­
truncana lapparenti tricarinata Zone of Italy (BORSETTI 1962), with the Globotruncana sigali
Zone of Libya (BARR 1972) and the Globotruncana cachensis Zone of California (DOUGLAS
1969b). In the zones re, Tu" r», COl' Co 2, Stl established in SE France (PORTHAULT 1974)
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the following species occur: Marginotruncana coronata (BOLLI), M. pseudolinneiana PESSAGNO,
M. marginata (REUSS), M. paraconcavata PORTHAULT, M. sinuosa PORTHAULT, two last species
as well as M. renzi (GANDOLFI) becoming extinct at the end of St 1 zone, This corresponds to
the extinction of these species at the end of the Marginotruncana coronata Zone in Poland.
Assemblages "VIII", "IX" and "X" of the Lodz region (HELLER 1975) also indicate the Margino­
truncana coronata Zone. The equivalent of the Marginotruncana coronata Zone in general
zonation of van HINTE (1976) are the Globotruncana sigali-renzi, Globotruncana schnezgansi
Zones (comp. table 6).

Globotruncana [apparent; Zone

Category: Interval-zone
Age: Lower Santonian
Definition: Interval, from the first appearance of Globotruncana lapparenti BROTZEN to

the first appearance of Globotruncana fornicata PLUMMER (tables 3, 4).
Characteristics: In this zone, the genus Marginotruncana is considerably impoverished

quantitatively compared with the preceding zone whereas the first representatives of Globo­
truncana make their appearance here, Of 10 species of Marginotruncana occurring in the Margino­
truncana coronata zone, only Marginotruncana coronata (BOLLI), M. longilocula (GANDOLFI),
M. pseudolinneiana PESSAGNO, M. marginata (Reuss) and M. paraconcavata PORTHAULT cross
the lower boundary of the Globotruncana lapparenti Zone. The representatives of Whiteinella
are lacking in this zone. At the base of the zone, in addition to the index species, Globotruncana
linneiana (d'ORBIGNY) makes its appearance. The upper boundary of the Globotruncana lappa­
renti Zone is not crossed by Hedbergella brittonensis LOEBLIcH and TAPPAN. Hedbergella
delrioensis (CARSEY), H . planispira (TAPPAN), H . portsdownensis (WILLIAMS-MITCHELL),
H. bornholmensis DOUGLAS and RANKIN , Marginotruncana marginata (REUSS), M. pseudolin­
neiana PESSAGNO, M. coronata (Botu), M. paraconcavata PORTHAULT, Heterohelix reussi
(CUSHMAN), H. globulosa (EHRENBERG), H. moremani (CUSHMAN), Globigerinelloides bentonensis
(MORROW), Archaeoglobigerina blowi PESSAGNO, A. bosquensis PESSAGNO are transit species
(tables 3, 4, 5).

Remarks. - The Globotruncana lapparenti Zone was established in the Upper Turonian
of Italy (BORSETTI 1962) and recognized by MASLAKOVA (1977) in the southern USSR. The
recent classifications of planktic foraminifera (PESSAGNO 1967; LONGORIA and GAMPER 1975)
assume that the position of the primary aperture, the development of apertural apparatus and
the presence of accessory apertures are the basic criteria of classification at the family level.
On this basis the genus Globotruncana previously thought to occur from the Turonian to the
Maastrichtian was included into several families and genera, and the genus Globotruncana
s. s. was defined on the basis of the following criteria: umbilical primary aperture, umbilicus
covered by tegiIIa with infralaminal and intralaminal accessory apertures, chambers truncated
by two keels, rugosities irregularly distributed. Globotruncana makes its appearance in the
Santonian, and one of its earliest representatives is G. lapparenti BROTZEN. In the studied
profile, G. lapparenti BROTZEN appears at the base of the Santonian and it serves for the designa­
tion of the zone comprising the Lower Santonian deposits. The Lower Samonian foraminiferal
zone is commonly named after Dicarinella concavata (BROTZEN) ; however, this species, with
the exception of one specimen determined as Dicarinella cr. concavata (BROTZEN), was not
found in the profile studied. Its absence at that latitude is probably related to its limitation to
warm-waters. Globotruncana lapparenti BROTZEN was more cosmopolitan than Dicarinella
concavata (BROTZEN); as it is easy to identify and appears in the studied profile at the Coniacian­
Santonian boundary, it has been chosen as the index species of the zone. It should be stressed
that there are many similarities between the assemblages -of planktic foraminifera from the
Vistula river profile and from the Gulf Coast Plain (camp. PESSAGNO 1967) at the Coniacian-
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Santonian boundary and in the Lower Santonian. Thus, the genus Whiteinella is absent with
the exception of the lowermost part of the G1obotruncana lapparenti Zone in the studied profile
as in the Marginotruncana concavata Zone in the Gulf Coast Plain. In the Marginotruncana
concavata Zone, only 2 species of the genus Marginotruncana occur in great numbers while
5 .other species occur only sporadically; the first ones are: M arginotruncana angusticarinata
(GANDOLFI), M. coronata (BOLLl) and M. renzi (GANDOLFI). The genus Archaeoglobigerina is
represented in the Gulf Coast Plain by the same species as in Poland; they appear in both
areas not before the end of the Coniacian and become numerous in the Lower Santonian.
Furthermore, Globotruncana lapparenti first appears at the base of the Santonian in both Poland
and the Gulf Coast Plain. The next zone - Globotruncana fornicata Zone, is distinguished
on the basis of the same criteria as the Globotruncana fornicata zone of the Gulf Coast Plain.
All those characteristics enable us the Globotruncana lapparenti zone from the Vistula River
profile to be correlated with the Marginotruncana concavata Zone from the south-eastern part
of the USA. Another equivalent of the Globotruncana lapparenti Zone is the lower part of St2
zone established in SE France (PORTHAULT 1974). As in the Vistula River profile, the boundary
between zones Stl and St2 is not crossed by several species of Marginotruncana, among them
M. sinuosa PORTHAULT and the first species of Globotruncana (c. bulloides VOGLER and Gi forni­
cata PLUMMER) make their appearance. The upper part of the St2 zone, in which Globotruncana
fornicata PLUMMER occurs in great number, corresponds to the succeeding zone in the Vistula
river profile. Almost all workers put the boundary between the Coniacian and the Santonian
at the base of the Lower Santonian Dicarinella concavata Zone (comp. table 6), e. g., BOLLl
1957, 1966; PESSAGNO 1967; MAsLAKovA 1977; VAPTZAROVA 1976b; commonly being reco­
gnized in lower latitudes. The Globotruncana lapparenti Zone is the age equivalent of the Globo­
truncana concavata Zone of Belgium (MOORKENS 1969), the southern USSR (MASLAKOVA 1977),
Iraq (DARMOIAN 1975) and Trinidad (BOLLI 1957) and in general zonations (BOLLl 1966, van
HINTE 1976), and of the Marginotruncana concavata zone of the Gulf Coast Plain (PESSAGNO
1967). Other equivalents are: the Globotruncana concavata cyrenaica zone of Libya (BARR 1972)
and the zone "A" in Austria (IBRAHIM 1976).

Globotruncana fornicata Zone

Category: Interval-zone
Age: Upper Santonian
Definition: Interval, from the first abundant occurrence of the zonal marker to the first

appearance of Globotruncana area (CUSHMAN) (tables 3, 4).
Characteristics: At the base of the zone Globotruncana fornicata PLUMMER appears. in

great number and a little higher Globotruncanaobliqua HERM.; Dicarinella cf. concavata (BROT­
ZEN) and Pseudotextularia sp. are rare. Marginotruncana coronata (BOLLI), M. marginata
(Rruss), M. pseudolinneiana PESSAGNO, Archaeoglobigerina blowi PESSAGNO and Globigerinelloides
bentonensis (Monnow) die out within this zone. Hedbergella bornholmensis DOUGLAS and
RANKIN, H. delrioensis (CARSEY), H. planispira (TAPPAN), Marginotruncana longilocula (GAN­
DOLFI), M. paraconcavata PORTHAULT, Globotruncana lapparenti BROTZEN, G. linneiana d'ORBIG­
NY, Archaeoglobigerina bosquensis PESSAGNO, A. eretacea (d'ORBIGNY), Heterohelix globulosa
(EHRENBERG), H. moremani (CUSHMAN) and H. reussi (CUSHMAN) are transit species (tables 3,
4, 5).

Remarks. - This zone was established by BOLLl (1957) and emended by PESSAGNO (1969)
who recognized it as a subzone. According to PESSAGNO (1969), the assemblages from this zone
are characterized by the absence of the representatives of Marginotruncana. Species of Globo­
truncana, such as G. lapparenti BROTZEN, G. fornicata PLUMMER, G. bulloides VOGLER increase
in abundance. Dicarinella concavata (BROTZEN) is absent in the Upper Cretaceous Vistula River
profile, and therefore the lower boundary of the zone is established on the basis of the first
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abundant occurrence of Globotruneana fornieata PLUMMER. The other species of Globotruneana
(G. lapparenti BROTZEN, G. linneiana (d'ORBIGNY), G. obliqua HERM) that replace the species of
Marginotruneana terminating within this zone, 'become more abundant. PESSAGNO (1967) stated
in the definition of the Globotruneana fornieata Zone that species of Marginotruneana do not
occur in it, the last representatives of that genus having become extinct at the boundary of the
Marginotruneana eoneavata Zone and the Globotruneanafornieata Zone. However, many authors
report the presence of species of Marginotruneana not only in the-Upper Santonian but still
in the lowermostCampanian (e. g., PORTHAULT 1974; DOUGLAS 1969a, b; OWEN 1973, IB­
RAHIM 1976, VAPTZAROVA 1976b). The Globotruneana fornieata Zone of central Poland is
correlated with the same zone in the Gulf Coast Plain on the basis of the abundant occurrence
in both places of Globotruneana fornieata PLUMMER, the occurrence of Globotruneana bulloides
VOGLER, G. lapparenti BROTZEN and representatives of Arehaeoglobigerina. It may be also
correlated with the zone of the same name of Trinidad (BOLLI 1957, 1966), Iraq (DARMOIAN 1975)
and the southern USSR (MASLAKOVA 1977), as well as with the upper part of St2 and lower
part of St3 zones established in SE France (PORTHAULT 1974). In all these localities, the represen­
tatives of Globotruneana fornicata PLUMMER, G. lapparenti BROTZEN, G. bulloides VOGLER,
occur in great number coeval with a less common Marginotruneana eoronata (BOLLI), M. pseudo­
linneiana Pessagno and M. marginata (REUSS); but Globotruneana area (CUSHMAN) is absent.
In addition, the zone "B" established in Austria (IBRAHIM 1976) in which the genus Margino­
truneana is replaced by Globotruncana (G..fornieata PLUMMER, G. bulloides VOGLER, G.plummerae
GANDOLFI, G. cf. area (CUSHMAN) and others) and Archaeoglobigerina cretacea (d'O~IGNY)

may be also correlated with the Globotruncana fornicata Zone of central Poland (table 6).

Globotruncana area Zone

Category: Interval-zone
Age: Lower Campanian
Definition: Interval, from the first appearance of Globotruncana area (CuSHMAN) to the

first appearance of Globigerinelloides multispinus (LALICKER) (tables 3, 4).
Characteristics: In addition to the index species, Globotruncana churehi MARTIN,G. ventri­

cosa (WHITE), Heterohelix striata (EHRENBERG), H. ultimatumida (WHITE and H. ventilabrelli­
formis (van der SLUIS) make their appearance in this zone. Within the lower part of the zone,
the last marginotruncans: M. longiloeula (GANDOLFI) and M . paraconeavata PORTHAULT
terminate. Transit species are: Hedbergella bornholmensis DOUGLAS and RANKIN, H. delrioensis
(CARSEY), H. planispira (TAPPAN), Globotruncana fornieata PLUMMER, G. lapparenti (BROTZEN),
H. linneiana (d'ORBIGNY), G. obliqua HERM, Arehaeoglobigerina bosquensis PESSAGNO, A . cretacea
(d'ORBIGNY), Heterohelix globulosa (EHRENBERG), H. moremani (CUSHMAN) and H. reussi
(CUSHMAN).

Remarks. - This zone was established in the Western Carpathians (SALAJ and SAMUEL
1966). The lower boundary of the zone is marked by the appearance of Globotruncana rugosa
(MARIE). Its stratigraphic range is the Lower Campanian. DOUGLAS (1969b) recognized the
Globotruneana area zone in California but he admitted its greater stratigraphic range. He
designated two subzoncs within it: Globotruneana stuartiformis subzone and Globotruneana
churehi Subzone. In the DOUGLAS' scheme, 'the age equivalent of the Globotruncana area Zone
sensu SALAJ and SAMUEL (1966) is the Globotruneana stuartiformis Zone. In the Upper Cretaceous
Vistula River profile the Globotruncana area Zone was distinguished according to the principle
of priority both in regard to the name of zone and its stratigraphic range. It should be mentioned
that the most frequently used name for defining the age range of the Globotruncana area Zone
is the Globotruncana elevata Zone although it is not in accordance to the priority principle in
regard to the range of the latter, established by DALBIEZ (1955) in Tunis for the entire Campanian
section. STURM (1969) in Upper Austria delimited its stratigraphic range to the Lower Campanian
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only. In such stratigraphic meaning that zone was distinguished in the southern part of the
USSR (MAsLAKovA 1977) and Bulgaria CVAPTZAROVA 1975). The Arehaeoglobigerina blowi
Subzone of the Gulf Coast Plain (PESSAGNO 1967, 1969) may be correlated with the Globo­
truneana area Zone of the Vistula River profile as well; both zones are characterized by similar
assemblages of planktic foraminifera, differing only in the absence of single keeled globotruncans
from stuarti group in the Vistula River profile. Globotruncanita is represented by Globotruneanita
elevata only, occurring sporadically and only in the upper part of its world stratigraphic range.
The zones "C" and "D " established in Austria (IBRAHIM 1976) yield richer assemblage of globo­
truncans, but all species from the Globotruneana area Zone of the Vistula river profile can be
found in these zones. Globotruneana area (CUSHMAN) appears not before the beginning of the "C"
zone and Globotruneana plummerae GANDOLFI in the "E" zone. That is why I treat the "C"
and "D" zones as coeval with the Globotruncana area Zone. The upper part of St3 zone establish­
ed in SE France (PORTHAULT 1974) is correlated with the Globotruneana area Zone of central
Poland; starting from the middle part of St3 zone, Globotruneana area (CUSHMAN) occurs in
great number tog ether with Globotruncana plummerae GANDOFI, G. linneiana (d'ORBIGNY),
G. lapparenti BROTZEN, G. bulloides VOGLER and other species occurring in the Globotruneana
area Zone in the Vistula river profile (table 6).

Globigerinelloides multispinus Zone

Category: Interval-zone
Age: Upper Campanian-Lowermost Maastrichtian
Definition: Interval, from the first appearance of Globigerinelloides multispinus (LALIC­

KER) to the first appearance of Rugoglobigerina pennyi BRONNIMANN (tables 3, 4).
Characteristics: The zone is dominated by representatives of Globotruneana. The genus

Heterohelix is an important element of the assemblage whereas the other genera are less common.
In the lowermost part, in addition to the index species, Globigerinelloides prairiehillensis PESSAG­
NO, G. volutus (WHITE), Globotruneana bulloides VOGLER, G. pessagnoi LONGORIA, G. plummerae
GANDOLFI and Heterohelix pulehra(BROTZEN) appear. The last three named species in the profile
studied are limited to the Globigerinelloides multispinusZone. Moreover, Chiloguembelina praecur­
sorsp. n. is reported for the first time in the lowermost part of the Zone. Abathomphalus?subornatus
(GANDOLFI), Globotruncana sp. , G. sp., and G. SP.2 occur in the middle part of the Zone. Globigeri­
nelloides yaueoensis PESSAGNO, Rugoglobigerina rugosa (PLUMMER), Globotruncana pozaryskae
sp.n., G. nothi BRONNIMANN, Heterohelix planata (CUSHMAN) and Guembelitria harrisiTAPPAN, ap­
pear in the lower.and middle parts of the Zone and pass higher. In the uppermost part of the Zone
Rugoglobigerina milamensis SMITH and PESSAGNO, Hedbergella delrioensis (CARSEY), H. bornhol­
mensisDOUGLAS and RANKIN and Heterohelix reussi(CUSHMAN) make their appearance. Archaeo­
globigerina bosquensis PESSAGNO dies out within the middle part of the Zone. Other species
present in that Zone (tables 3, 4, 5) are transit species.

Remarks. - The long time span of this Zone makes it the longest so far distinguished.
However, I do not find any evidence to subdivide it. Taking into account its total range, the
Zone can be correlated only with Zones: Globotruneana elevata and Rugotruneana subcircumno­
difer, recognized in the Gulf Coast Plain (PESSAGNO 1967, 1969). Globigerinelloides multispinus
(LALICKER) and G. volutus (WHITE) occur in the Gulf Coast Plain profile starting from the base
of the Globotruneana elevataZone. Heterohelix pulehra (BROTZEN) and Globotruneana plummerae
GANDOLFI are present only within the Globotruneana elevata Zone while the representatives of
the genus Rugoglobigerina become numerous in the uppermost part of this Zone. These simi­
larities and the simultaneous presence of many common species from the genera Heterohelix
and Globotruneana permit acceptance of the Globotruneana elevata and Rugotruneana subcir­
eumnodifer zones of the Gulf Coast Plain as coeval with the Globigerinelloides multispinus
Zone of central Poland. The local horizons "E", "F" , "G" established in Austria (IBRAHlM 1976)
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on the basis of globotruncans are most probably coeval with the Globigerinelloides multispinus
. zone of central Poland. IBRAHIM (1976) gives no information about the identity of other genera
of planktic foraminifers at these horizons, so the correlation is less well founded. However,
the presence of common species such as Globotruncana area (CUSHMAN), C. fornicata PLUMMER,
G. lapparenti BROTZEN, G. bulloides VOGLER, G. ventricosa (WHITE) and G. plummerae GANDOLFI

, (the last in the Vistula River profile occurring in the Globigerinelloides multispinus Zone only)
.in zones "E", "F", "G" of Austria and in the Globigerinelloides multispinus Zone of central
Poland, permits correlation with these Zones. In the general zonation by van HINTE (1976)
the age equivalents to the Globigerinelloides multispinus Zone are the following Zones: Globo­
truncana stuartiformis, G. subspinosa, G. calcarata and G. scutilla, and in that by BOLLI (1976)
the Zones: Globotruncana stuarti s. I., G. tricarinata and G. lapparenti lapparenti (table 6).

Rugoglobigerina pennyi Zone

Category: Interval-zone
Age: Upper part of Lower Maastrichtian
Definition: Interval, from the first appearance of Rugoglobigerina pennyi BRONNIMANN

to the first appearance of Guembelitria cretacea CUSHMAN (tables 3, 4).
Characteristics: At the base of the Zone, in addition to the index species, Rugoglobigerina

hexacamerata BRONNIMANN and Globotruncanella petaloidea (GANDOLFI) make their appearance.
Hedbergella crassa (BOLLI), Globotruncana patelliformis GANDOLFI, Globotruncanita elevata
(GANDOLFI), Pseudoguembelina sp., Pseudotextularia deformis (KIKOINE), Racemiguembelina
powelli SMITH and PESSAGNO, Planoglobulina acervulinoides (EGGER) and P. brazoensis MARTIN
are restricted to the upper part of the zone. All species of Globotruncana crossing the Globige­
rinelloides multispinus-Rugoglobigerina pennyi Zone boundary die out within the uppermost
part of the latter Zone. Rugoglobigerina rugosa (PLUMMER) and the species of Heterohelix
occurring in the Zone pass to the higher Zone.G enerally speaking, the Zone is characterized
by the sudden bloom of Rugoglobigerina in its lower part, the mass occurrence of Globigerinelloi­
des in its upper part and the complete extinction of Globotruncana at the end of the Zone
(tables 3, 4, 5).

Remarks. The time span of the Rugoglobigerina pennyi Zone corresponds to the Globo­
truncana gansseri Zone established in Trinidad (BOLLI 1957) . The base of the latter zone is
marked by the appearance of Globotruncana gansseri BOLLI and the upper boundary by the
appearance of Abathomphalus mayaroensis (BOLLI). The definition of the Globotruncana gansseri
Zone was emended by PESSAGNO (1969). According to him, the Globotruncana gansseri Zone
is characterized by common to abundant Globotruncana gansseri BOLLI, G. aegyptiaca NAK­
KADY, G. duwi NAKKADY, G. trinidadensis GANDOLFI, Pseudotextularia deformis (KIKOINE),
Pseudoguembelina palpebra BRONNIMANN and BROWN and Guembelitria cretacea CUSHMAN.
Globotruncana stuarti s. s. (de LAPPARENT), G. conica WHITE, Racemiguembelina fructicosa
(EGGER) and Planoglobulina acervulinoides (EGGER) make their appearance in the upper part
of the Globotruncana gansseri Zone. Comparison of the species composition of the Globotruncana
gansseri and Rugoglobigerina pennyi Zones reveals the complete absence of single-keeled globo­
truncans (with the exception of Globotruncanita elevata (BROTZEN)), in the Polish assemblage.
However, in the Rugoglobigerina pennyi zone there occur several species known only from
(or first appearing in) the Globotruncana gansseri Zone (Globotruncana patelliformis GANDOLFI,
Rugoglobigerina hexacamerata BRONNIMANN, R . pennyi BRONNIMANN, Pseudotextularia deformis
(KIKOINE), Racemiguembelina powelli SMITH and PESSAGNO, Planoglobulina acervulinoides
(EGGER), P. brazoensis MARTIN, Pseudoguembelina sp.) and these permit correlation of the
Rugoglob igerina pennyi Zone with the Globotruncana gansseri Zone. Guembelitria cretacea
CUSHMAN does not appear in Poland below the base of the next zone. The Rugoglobigerina
pennyi Zone is correlated with the Globotruncana gansseri Zone of Libya (BARR 1972), Iraq
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(KASSAB 1973; DARMOIAN 1975), India (GOVINDAN 1972) and the Globotruncana contusa Zone
of Western Australia (WRIGHT and APTHORPE 1976). The Globotruncana gansseri, Globo­
truncana stuarti and Globotruncana contusa Zones of the general zonation by van HINTE
(1976) are equivalent to the Rugoglobigerina pennyi Zone (table 6).

Guembelitria cretacea Zone

Category: Range-zohe
Age : Upper Maastrichtian
Definition: Total range of Guembelitria cretacea Cushman (tables 3, 4).
Characteristics: Coeval with the index species, Heterohelix vistulaensis sp. n. makes it

appearance and, slightly higher, Heterohelix navarroensis LOEBLICH and Guembelitria cenomana
(KELLER). In the uppermost part of the Zone Rugoglobigerina rotundata BRONNIMANN, R. macroce­
phala BRONNIMANN and Guembelitriella sp. occur. In addition, the zone yields the following species,
known also from the Rugoglobigerina pennyi Zone : Rugoglobigerina hexacamerata BRONNI­
MANN, R. milamensis SMITH and PESSAGNO, R. pennyi BRONNIMANN, R. rugosa (PLUMMER),
Heterohelix globulosa (EHRENBERG), H. moremani (CUSHMAN), H. planata (CUSHMAN), H. striata
(EHRENBERG), H. ultimatumida (WHITE), H. ventilabrelliformis (van der SLUJS), Guembelitria
harrisi(TAPPAN), Globigerinelloidesprairiehillensis PESSAGNO, G. volutus(WHITE) and G. yaucoen­
sis PESSAGNO. In the lowermost part of the zone Globigerinelloides multispinus (LALICKER)
occurs for the last time. In general, this zone may be easily recognized by the presence ~f abun­
dant representatives of Heterohelix and Guembelitria, considerable numbers of Rugoglobigerina
and Globigerinelloides and the absence of Globotruncana (tables 3, 4, 5).

Remarks. - Almost all workers recognize a single zone - the Abathomphalusmayaroensis
Zone - spanning the Upper Maastrichtian. Because of the lack of this zonal marker in the
Upper Maastrichtian of Poland I attempted to find an acceptable substitute for the higher
latitudes. Guembelitria cretacea CUSHMAN, known from the Middle and Upper Maastrichtian,
was thus chosen as an index species for the Upper Maastrichtian of Poland. The associated
assemblage and especially the presence of Rugoglobigerina rotundataBRONNTMANN and R. macro­
cephala BRONNTMANN, known only from the Abathomphalusmayaroensis Zone, enables me to
correlate the Guembelitria cretacea Zone with the Abathomphalusmayaroensis Zone of Trinidad
(BOLLI 1957, 1959, 1966), the Gulf Coast Plain (PESSAGNO 1967, 1969), Carribean (PREMOLI
SILVA and BOLLI 1973), Austria (STURM 1969), Romania (SANDULESCU 1969), the USSR (MASLA­
KOVA 1977), NW Pacific (DOUGLAS 1971), Libya (BARR 1972), Iraq (KASSAB 1973), India (Go­
VINDAN 1972) and Australia (WRIGHT and ApTHoRPE 1976). Further equivalents of the Guembe­
litria cretacea Zone in central Poland are zones "E" and "F" in Austria (HERM 1962) and, in
general zonation, the Abathomphalus mayaroensis Zone (table 6).

DISCUSSION

Within the Upper Cretaceous deposits of the Vistula River profile I distinguish 10 zones
on the basis of planktic foraminifera. The age of the zones discussed was established on the
basis of:

1. Direct correlation of the species occurring in the Vistula River profile with the species
occurring in the stratotypes of stages ;

2. All available data on the stratigraphic range of individual species found in the Vistula
river profile;

3. Data from the associated macrofauna, mainly of inocerams and cephalopods.
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Ta ble 5

Established zones with characteristic species
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fo rn i ca t lJ
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llfargino truncana

coronata

Hel ve toglobotrunc411a

helve ti ca

Rota lipo r a

cushmani

Hedbergella

planispira

Guembeli tria creeecee Cus bman , Heterohe lix vistulaensis n. s p .
Hete roheli x ne ve r roens t s Loeb l Ic h , Rugog l ob i gerina macroceph.sla
8ronnimann, Rugoglobigerina r ot undata Bronn i mann

Rugo gl obiger ina penny1 Bron nimann , Rugoglobigerina mi lamensi.r Smi t h '
Pes s agno , Globo t runcana pa tell iEormis Gando l ff , Pseudotertularia
de formis (Ki kot ne ) , RiJcem i g uembelina powelli Smi t h s Pes s agno

Globlger ine lloide s multisplnus (LaHcke r } , Globot runcana pes...gn o l
Longo r ia , Globo t r unc an a plummerae Gando lfi, Het eroheliz pulchr a
(Br c t zen )

Globotruncana ar ea (Cushe an ) , Globot runcana churchl Martin
Globo t r uncan a ventri co sa (Whi t e) ,

Gl obot r uncana f ornicata Pl umme r , Dicarinelld cr. eeneaveee (Br otzen ) I

Gl obotr uncaDd lapparenti Brot zen , Glo bo t r uncand li nnei 411a (d 'Orbigny)

Harginotrunc ana longi l oc ula (Gando l f i ) , Archaeoglobige rina creee cee
(d t O rbf gn y } , Ar ch ae ogl ob i ge r ind bosquens i s Pes s a gn o , Ar c hdeoglobigerina
blCMi Pes sagno Gl obot r un cana Idp pa re n ti Brotze n

Har g l notrltnca na co rona ta ( Ball i) . Har g l notrun cand pseudoli nneiana
Pe ssagno, Har g i no t r unc an a 51noose Pcr-thau l t , Hargino t r uncdna
pa r a ccnca ve ee Por-t hau l t , Hdrginotruncana cf. ranzi (Gando lfi ).
Har glnotruncana ca r onae n. sp .

He l ve t og l obo t r unc 411a helvetica (Rol li) . Dicar inel la i mbr i ca t a (Mornod) .
Di carinell€J longo r i a! n . sp . • Dicarinella bi convexa bi co n ve xa
(Samuel" Sa l a y) , Dicari ne lla ot con ve xe gigantea (Samuel " Sa laj)

Roeal i pora cu shmani (Morrow). Hedb e rg ell a s i mplicissima (Nagne , Stgal),
Pra~globotruncana s t e phan i (Gand o lfi ) , Pr aeg l obo trunc an lJ de l ri oe nsi s
(Plummer)

common : Hedbergella pl ani s pira (Tappan) I Hedbergel la angolae Caron
Hedberge ll a c r. ca spi" (Vassi l en ko ) , Hedbe rgell a del z:jo en s i s (Carsey ) ;
Gl o bl geri ne llol de s ca seyi (Bo l li , Loeblich & Tappan )
rare : Pr ae globotrunc an a de lrioen s i s (P l ummer) . Hedbe, rge ll a simplicis­
s ima (Nagne & Sigal) .

It should be stressed that there are problems in the estimation of the age of the Upper
Cretaceous deposits on the basis of plank tic foraminifera through direct comparison of species
recorded from the stratotypes with the species found in any other profile. These problems stem
mainly from the fact that many stratotype profiles are in marginal parts of basins incomplete
and contain poor planktic microfauna. The stratotypes of the Cenomanian, Turonian, Campa­
nian and Maastrichtian represent only a part of the interval which in recent literature is related
to these stages. The correlation of Coniacian, Santonian and Maastrichtian deposits encounters
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significant difficulties not only because of their incomplete development in the stratotypes, and
the controversy over the definition of the stages, but also due to the restricted distribution of
key planktic markers used to recognize these ages (comp. DOUGLAS 1969b).

Recently, the planktic foraminifera from all stratotype profiles of the Upper Cretaceous
were studied: from Cenomanian - MARKS (1967), Turonian - BUTT (1966) and BELLIER
(1971), Coniacian - SERONIE:-VIVIEN (1972), Santonian- SERONIE-VIVIEN (1972), Campanian­
SERONIE-VIVIEN (1972) and van HINTE (1965) and Maastrichtian - HOFKER (1966) and BELLIER
and VILLAIN (1975).

Cenomanian

The Cenomanian deposits' of the Vistula River profile, in the Annopol anticline, are well
documented on the basis of macrofauna (SAMSONOWICZ 1924, 1925, 1934; POZARYSKI 1947;
CIESLINSKI 1959). The subdivision of the Cenomanian into 3 parts used earlier in Poland (e. g.,
SAMSONOWICZ 1925; POZARYSKI 1947) was based on inadequate biostratigraphic evidence.
The forms regarded by the previous workers as index fossils were found in the whole Cenoma­
nian (CIESLINSKI 1959; MARCINOWSKI 1970). Therefore, CIESLINSKI (1959) proposed bipartite
subdivision of Cenomanian, following a subdivision of the English Cenomanian introduced by
WRIGHT and WRIGHT (1951). In recent years, the ammonite fauna from the classical Cenomanian
profiles in England and France was reexamined. The studies made it possible to establish
3 well-defined zones in the Cenomanian (HANCOCK 1959; KENNEDY 1969, 1971).

Recently, MARCINOWSKI (1974) recorded a very rich ammonite assemblage in the Polish
Jura Chain, which made it possible to adopt the division of the Cenomanian into three zones
proposed by KENNEDY (1969).

In the present paper, however, the bipartite subdivision of the Cenomanian after CIESLINSKI
(1959) is used. The paper of CIESLINSKI (1959) is the last one dealing with the Cenomanian
macrofauna of the region studied and therefore I correlate the foraminiferal biozonation with
his bipartite subdivision.

In the Lower Cenomanian of Jakubowice (figs. 1,2), in the Schloenbachia varians horizon,
the following species were recorded: Schloenbachia varians (Sow.), S. subvarians SPATH, S. ventri-

, cosa STIELER, S. lymensis SPATH, S. subplana (MANTELL), Mantelliceras mantelli (SOWERBY),
M. hyatti SPATH, M. tuberculatus (MANTELL), M. saxbii (SHARPE), Turrilites costatus LAMARcK,
Neohibolites ultimus (d'ORBIGNY), and others. In the Upper Cenomanian the fauna is poorer,
and the following forms were recorded: Actinocamax plenus (BLAINVILLE) and Holaster subglo­
bosus LEsKE, the latter being the index species of that substage. The assemblage of planktic
foraminifera confirms the bipartite nature of the Cenomanian in the area studied. In the Lower
Cenomanian I recognize the Hedbergella planispira Zone. It differs from the overlying Rotali­
pora cushmani Zone in lacking the index species of the latter zone. The Hedbergella planispira
Zone contains anassemblage of long-ranging species, of limited value for age difinition; however,
the associated fauna clearly indicates a Lower Cenomanian age. The appearance of Rotalipora
cushmani (Morrow) coincides with the base of the Holaster subglobosus horizon. MARKS (1967)
stated that Rotalipora cushmani (MORROW) occurs jointly with Praeglobotruncana stephani
(GANDOLFI) in the upper part of the Middle Cenomanian in the stratotype of that stage. Rotali­
pora cushmani (MORROW) is thought to be the earliest representative of Rotalipora and according
to many authors it does not cross the Cenomanian-Turonian boundary (e. g., PESSAGNO 1967;
MAsLAKovA 1977). Reports of occurrences of that species in younger deposits are due to
inaccurate age determination of those deposits (MARKS 1967).

, In the Vistula River profile the Hedbergella planispira Zone is correlated with the Schloen­
bachia varians horizon and the Rotalipora cushmani Zone with the Holaster subglobosus horizon,
the Rotalipora cushmani Zone confirming the Upper Cenomanian age of the Holaster subglobo­
sus horizon (comp. table 2).
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Turonian, Coniacian
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POZARYSKI (1938, 1947, 1948) distinguished 4 horizons in the Turonian of the Vistula
River profile on the basis of inocerams: Inoceramus labiatus Zone and Inoceramus lamarcki
Zone in the Lower Turonian and Inoceramus inconstans- I. costellatus Zone and Inoceramus
schloenbachi Zone in the Upper Turonian. The assemblages of planktic foraminifera also
support the twofold subdivision of the Turonian, the Helvetoglobotruncana helvetica Zone
(Lower Turonian) and Marginotruncana coronata Zone (Upper Turonian-Coniacian). It should
be mentioned that POZARYSKI and WITWICKA (1956) reported the assemblage of planktic
foraminifera from the Cenomanian and Lower Turonian deposits and their assemblage differs
only slightly from that recorded here. POZARYSKI and WITWICKA (1956) did not figure the
foraminifera identified and therefore I can only suppose that Rotalipora appenninica (RENz)
reported by them may have been misidentified and is actually Rotalipora cushmani (Monsow).
POZARYSKI and WITWICKA (1956) took the upper boundary of their first stratigraphic assemblage
at the Lower Turonian-Upper Turonian boundary.

BUTT (1966) and BELLIER (1971) studied the planktic foraminifers from the stratotype of
the Turonian but they are not unanimous in their determinations of species. On the basis of
their illustrations it seems that the following species occur: Dicarinella imbricata (MORNOD),
D. cr. hagni (SCHEIBNEROVA) and Praeglobotrun cana stephani (GANDOLFI). The specimens
illustrated as Hedbergella delrioensis (CARSEY) by BUTT (1966) and as Rotundina cretacea
(d'ORBIGNY) by BELLIER (1973) are conspecific (at least some of them) with Hedbergella britto­
nensis LOEBLICH and TAPPAN. All the above mentioned species occur in the Lower Turonian
deposits in the Inoceramus labiatus horizon. In the upper ' part of the Turonian stratotype
planktic foraminifera are lacking. On the basis of the lack of Helvetoglobotruncana helvetica
(BOLLI) in the assemblage discussed, BELLIER (1971) concluded that H. helvetica (BOLLI) cha­
racterizes the upper part of the Turonian . The studies on the material from the Vistula River
valley profile do not support this conclusion because H. helvetica (BOLLI) was found in the
Inoceramus labiatus Zone as well. Therefore, in spite of the absence of H. helvetica (BOLLI)
in the Turonian stratotype, the assemblage of planktic foraminifera in the lower part of the
Turonian stratotype can be correlated with the Helvetoglobotruncana helvetica Zone typical
of the Lower Turonian of Central Poland.

The Lower Turonian-Upper Turonian boundary is marked by a significant change in the
composition of planktic foraminifera (comp. tables 3, 4). Of the genus Dicarinella, typical of the
Helvetotruncana helvetica Zone, only D. imbricata (MORNOD) crosses that boundary. Remaining
Dicarinella are here replaced by other "keeled" species of Marginotruncana (of which only
Marginotruncana marginata (REUSS) appeared in the upper part of Helvetoglobotruncana helve­
tica Zone). This important change in the composition of assemblages at the boundary of the
Lower and Upper Turonian has been noted by most workers worldwide. Generally speaking,
the zone with "big, flat globotruncans" begins here (comp. table 6).

The boundary between the Turonian and Coniacian is poorly defined in the stratotype
profiles. According to WRIGHT (1959) and DALBIEZ (1959), the separation 'of late Turonian
ammonite lineages from these of early Coniacian age is extremely difficult. Similar difficulties
exist in the use of planktic foraminifera. The species appearing at the boundary of the Lower
and Upper Turonian are long-ranging forms, often crossing the lower boundary of the Upper
Santonian (comp. table 4). The lack of planktic foraminifera in the stratotype of the Coniacian
(SERONIE-VIVIEN 1972) makes correlation of Coniacian deposits more difficult.

The Coniacian deposits in the Vistula River profile are not faunistically documented
hitherto. These deposits were distinguished by SAMSONOWICZ (1924, 1925) as a lithological
complex distinct from the Upper Turonian and Lower Santonian deposits and cropping out
between Wesolowka and Sulejow (comp. fig. 1a). POZARYSKI (1938) accepted the lower boundary
of the Coniacian as defined by SAMSONOWICZ and lowered the upper boundary. According
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Correlation of zonations of the Upper Cretaceous deposists on the basis of plank tic Foraminifera

-----~-------- - - - - -
E:I IW i ' !:fo ~

Bl:a szkl e ...... l ea ,'.~ -j Bor s e t t i I r'~

ric r m Ca r -on ~ S<=I:lUl'! Stur~-t- Sa ndule s cu voorken s Has lakow;l Porthau l t Ibrah i m ltc I l e r
0( ~

S31 ..lj
va p t aa r c va~ 5- p resent I 1969 196 9 19 77 19 74

Cf es L t r isk L , 19 7 3 I p~, 1%2 19"1" 1966 196 7 1976 1~ 76 19 75t-'- ' I !

II I in'l
1[ 1 11

11
III

I 11

I! !11

b :..: '.':1:;e : 1 ..;.

I I ill
i<..3 7 irl ; ro·,";.'r. s :s RJCe,,, q"embel~ ' . • 1I·

i 1 " .. l, .l t .'lomp.'1d l us
e t s ub s p .

G:J('m~..'!;~r :: .l
va r aacs

G :o t'o t n ":ll Cd :1d AL J ~ .I,o.~p.':J 1 us J:b.J t h omp hiJ1us0

~ ~: ::: . !-' t d C t" <.J I I: ! ! II ! I :ii trd y.l r o e: :s ; s a ::"'.J :;,Jrcw•.,s ,;s

1 ! 11
:!l.l ;;drocns :!>

1 I :::.l Yd r oe ns isI
' 1 1 1 ! 1 '" I ,

I
!I:Be; e:c..-: i te:: J : :J:-:; 0 r I

,
1

,..
1

1
!/.. I

·' " 50 g1 0 b ' o,>,, "" I
Cl obo t r unc ane

! i I
I I ;.;

I. I:
1 1

11

»~ CO: J:: :':S ..t
I To

I'iI

I I ,Z ,:;: o bOt ~u n=a .'": oJ I' II I
IBp ~ e:-:."l t:' : :d

i fd : .sos t'l.l r t l -
I!

III
>: .> occi ae n-:e; :'5 pl!n... ~' i ' ,

Globo t r unc <l r.,J ':;':obo t r un cana

I
GIObo t n :ncani ee -;lobotr uncan cl H• "

I
1 1

I
st u<u ti

:.

I
e cuer t i ! s cua r e :.

1

1

s r uar r r

I
0

"' el e~.:: e ; la l&t:ceo l a t

11
Glanceo .!olt a

1 1 I- - --1

I
Glob.:·crun ca;1a

I
I1

Gl obc t ru nColndv c s rcce r-es v r s euf ae C cdl c a r d t d ca zc ar c ce
Glob..n r ur.CdlJ,l

,

Gl obl ,,'e r 1 ro ; ; ~ i des m..1 ; z o n l I ~ ~~~~~~~~~:: Cp 2ci r roceras
Fdon e z i e -vur.

m' /l t i s p i nus

I ~ : I1I
~

Gl o oo t ru nCdl101 Gl obo t r un cana GIo bot r unCoIn.a~

I ven t r i cosa ecrc ecvae
c,

r uqos s ,..
I I I

Gl oro t r un c d."1.a:5- S::ls t r ychoc e ras iI I
I t.3 ,GIObOCr uncari'a I r uqo s s

::1 sp . nov • I I e Ieva eeGl o bat ru.1 c.ln d
i I Ii

I I
I 1

! Cp 1 E XII'
z c e l i c i Formi s I ! I :" B I'" N£'iJncyloceras I

I 1- 1 I ' I
'-

:;: phal e:, atur.: et su bsp . I
I,u I I 11 ! I

i I
'- - - - I

i I:
II

11

I
,

I
Goniot euthi s qt:adrdt ,

I
: 0

~

Globo t r u."lcand G'lobo t runcana

'1' 1, I 11
Gl obot r w'lcdni ee• G! obo t r unC<H::a iJr =a.

I
S t 3 Globo t r uncdfl.JS Goni oteuth i s a r-ea e Jeva ce c IevaeaGl o bo t r un Cdt::.t

I ; ii:;I 1

e I e va eegranula toq uadrdta
t orrn ca t aGoniot e u t hi s

Cg r anula t a qranu l <Jta

I
rnc ce r ae us Globo t r unCd:M 1 c t otot run cene

St 3 ! ,l .:.::i::i I A
~ . Gl obo t r l.L"'l c an Jlp.t t oo t ens i s t or ru cet:a Sigolli a 7. e x gr. f or:: i Cdtd

B XII Ig : cnc 9 c.J cpd thicd Globot runc~n.:J ~ ,Gl obo t r unc ana ~ fo rn icate! St 2
u c lobocruncene!;: ~

I
I

concaV.'1td . I conCdvat a -<
ccn ca vaea• I nocerarnus Globo t nmCd."l ,1 Globo t r-unc ana

~ XI I
;i ,

J Globotrunc,tnd Globo t r uncanaS c a r r1J. s s o i de s Le pp a r e ru i ve n t r tcose Si gal i a 0 St 2 t · Adeflaensis u ccncava c .r co nca ve ec
1 XI~ c l ozo cr uncen a

~ I

1

G ODOt Tun candz In oceramus i nvol ut us lappdrenti : onc 8 c t otot runcene
0 I

dngus t icd rlnata <I primitiva St 1u t r icdr i r:a t a
Gl ooo t r unCdnd X"I eo 2I 8

t
big, f I dt

en ausr i ceri na s:eInoceramus . ./lfar g inO t Tuncan.J
GIObo t r un calld Globo t r un c.ma Co 1

I

s ctuoenbectii
Globo t r uncana

I
ccrcna ea Glvbo truncan"

1
1

~ co r c ne ee scnn eeae ns t IGIobo t runcan a Tu 5 r enz i I X~ I d ppd cen t i Zone :' Globo t r un c a n d
(;l obo t r unc dnaB: tnoceremue s c .'uleeq.Jns i

incons t ans . lapparent i I: ~
lappa ren t i Tu 4 I 1~ trace rsmus

Zz c os tel latus
0 Tu 3

I \' 111'" - -~ :>, lG10bot runeJr.a ,.....
~ lnoceramus 14mdrcki Pr .leglooo t r unCdn d _ schJ! eegdnsi

7." Hel ve t og l obot r un Cdr,d helve t i Cd ~ GIobotruncana Hcl veto - Prae gI o bo trun cand
,

Gl obo t r unCdna
VI IS he l ve t icd

pcae g l obot runc"na ~ heIve t ica pr ae gI6bo trun c globo t run cdna hc lvet i c dhelve ticd

i-' !Pr ae gl obo t r un c
Tu 2lnoceramus Id biatus Zone tl Pr ae g lobo t r un cdn a heI ve t i cd helveti ca

i mbri cd ta Ipr d eheIvetica 1

\' 1

~ Ho l .u t e r · s ubgl 0b:Osus Rotalipord

IIII I III 1111
Rotal ipora Ro t d 1J.por d Tu 1 ~Ro.t a l ipora cus hm<lJ1 i

' c us hmdni - Rotdl ipoca Ro ta llpord

i
~~

c us hrnani Rotdlipora c us hmdn i -
cu shman i en 6 Uota l iporat uroni c a t uron i c,] cus1Jman i I Ven 3 c us hman i 0

~
Schloenbach'i d Hedbergell ol Go si gali Th. appennini ca

I1 1II 1
zi.'i " h.bro t zcni - nlob otrl l tl

,
va ri d ns Zone .\ Th. appenni .1i cd Th. deecke i Cn 2u S pl anl spi Cd R. d.open dppen Th. brot zeni

'rh. dppenninica I VRotundi". s teDhll n i Th. t i ci nens :i5 ~MeeCke i - rei chel Th. appenn inica en I

for table continu ity see backside



~ORTH A,l·iE RrCA :\\\' PACI FIC XORTII AFRI Cl SOUTl-tER.'l ASIA ' 'E5TERX AUSTRALI A GENERAL ZO~ATlONS

I' esagno Pr emoI i - Si Iva Sliter Douglas Doug las Da lb iez Bar r Kas su b Danno ian Govindan Wri gh t 6 Apt horpe van Hint e Boll i
196 7 , 1969 Bolli • 1973 1968 1969 1971 1955 19 72 19n 19 75 1972 1976 1976 1966

Aba t homph al us Aba t.'to mphal us Abd t homph a l us Gl o bo t runcana I:§I Abathomphalus Aba thomplla l us ...1ba t homphcJlu5 Abathomphaiu$ Aba thomphalu s Abathompha lus

meue roe ns i e maya r oensis ma yar oe ns i s co n t us e I::: :ma yaroenlls
mdya roens is maya roensi s mayaroensis may a roens is maya r oensi s

s
:§

It: 5
Globotruncan.llGl obo t r uncana

~ ! Globo t r uncana ~
G1obo truncana contus a Globotrunca na Globot r un cana GlobOtruncana Gl obotrunca na Gl obot r uncana I- cont usa Globotruncan a

ae naseri G1obot ru ncana ga.1s s e ri 1-' qe ne s e r i ga ns s e ri gans s e r i qens e e r i c on t us e

~
s tUd r t l gans s e ri

aane s er i Rugogl obi g e r i na Globot ru nca nel l a Gl obo t r un cana I gans s e r i

ru qo se ne venens ic

1 1 1I 1 I1 11 1 1 1 1 1

e r-ea , IGlobo t r uncana Gl obot r unc ana Globot r un c ana Gl obo t r un cana
Rugo t runcena G_' .:,. !xl truncana Gl obo t r un cana Globo t r un cana

s ubci r c umnodi fer " t r i car ina ta" i - t r i carinata arca t ricari nata 1 i nn.- l a pp scuti 11 a l a ppa.r en tl
t r i ca r i ne t:e

Gl ob ot r-un c anc Globo truncana I ~
Globot r uncan a

ca Jcare ee cal carata
Gl obo t ru n cana ca l ca r ata

I ~ ce.lca r e ea
Globo t ru ncana I ~

,
mar i ei IU I

: ,
IGlobo t run cd na

Ie Jeve ce
Gl obo t r un cdna Gl o ba t r un cana

ch urchi I subspinos a

Globotruncana Gl oba t r un c ana Globo t r un cana
::!Gl obo t ru nca na r osetta eleva t a e I eva ee Gl obo t r un cana

ajeva ce

I
~ Gl obo t r un cand s t uart i s .1.

I
S:l stuarti[ormi s

3
I ~ Gl obOtruncana

11i
s tuart i formis

Arc.'1aeog l obige r i na GlobOt runc an a
I I-

Globatrun can a

bl owi s t uar t i f o r mi s I::! efeve ee

I ~

~
Globot .ru.1cana z Globo t runcana Globat runcana

Gl obo t r un can a 0 s GlobotrlU1calld
c onca va t a I- c on cava t a

t o r nice t:e ~ ~
torruce t:e

~ IGlobotrun ca ."'la
fornicata

cari na t a Globo t ru n cand ~ Mar g i no t r un cana Gl obo t runcan a concava te

G.!o OOt runCd n a co r ona ea o c on ca va t a ven tri cos a :s Gl obo t r un cana
---: c onceve ee

.'lfarginot r un cand c on cava t a
-e z

concavd t a Gl obotruncana I Globotrun c<!nd

concava ta conc a ve ea
Z 8

cyr enai c a conca vata con ca va t a

~ 8
~

! :s I :sz

I8
z

~ ~

I

0

::! u
::!

~ Margi ;~~~~ncand Globo t r un can a 8 Gl obo t r uncdna
Gl obo t r uncana Gl o bo t r uncana ~ G1 O~~~~cand

s chne e gans i ;:S cachens is
~i ga l i

Globotruncana t; Gl obotruncana

8 ~
z scnn e eoens i Z s i ga l i -renzi s schneegdns i
0

I::!
0 ~z u u

I
0

u

'" 1-"I
I-

I ~
" ~I-

Whi t ei ne lla
z

~
praeglobo trunc 0

a r chaeo c re t a cea hel ',/ct i ca '" z Globotruncana

" ~ he 1ve t i c .Jz Mar gi notrunc,ana ~
Gl obat r un cana Globo t r uncana I- Globatruncana

0 hel vet icll he f vee I ca
'" he lvetic,", z he l ve t ica

0

Mar gi notrun ca na " '"I- Pra e g l obatrunc 0 ~
s i ga 1i r o ddd i ~

Hedber gella Pr aeglobo t r unc .
lehmann i gigantea

Rotal i po ra Ro t al i pora

I I 111 11 11 11j 11 Uppe r

::! Rotalipora ~ R . ousnmeru
Ro t alipor a

c ushmani- cu s hmani Rot al1por a ~
cusJunani c us hman J.

gr eenhornensis ~ If: gan---aolr-i~ -
mdd le Rotal ipora 0 R.. reiche li

z ~ R . r e i che l J
Rot a l i po r a e vol uta R. appenninica Rotal i po r a evoluta w Th. ap penninica Po. brotzen J.

Lower Rotali pora U
fj R . gandol£i~ -

R . greenhorn R. dppen. appe n.



PLANKTIC FORAMINIFERA ZONATION OF POLISH UPPER CRETACEOUS 29

to his subdivision of the Upper Cretaceous of the Vistula River valley (POZARYSKI 1938), the
Coniacian deposits correspond to the horizon "d". It should be mentioned that POZARYSKI'S
investigations did not yield paleontological data for determining the precise age of horizon "d".
POZARYSKI (1938) shifted the upper boundary of the Coniacian deposits in comparison to that
given by SAMSONOWICZ (1925) to coincide with a change from a marly facies (typical of the
Coniacian) into a marly-glauconitic facies (typical of the Santonian). - KURLENDA (1967),
carrying out detailed investigations of the Upper Turonian, Coniacian, Santonian and Lower
Campanian strata between Wesolowka and Sulej6w, found Inoeeramus inconstans WOODS
(known to appear in the Upper Turonian) and several other species of no stratigraphic significance
within horizon "d". Therefore, the Coniacian in the Vistula River profile is not faunistically
documented. As mentioned above, the assemblage of planktic foraminifera of the Upper Turo­
nian and Coniacian age comprises long-ranging species that do not permit placing of the bound­
ary between these stages. On the other hand a marked change in the composition of foramini­
feral assemblages takes place at the Coniacian-Santonian boundary (comp. tables 3', 4).

Santonian

The opokas cropping out in the Vistula riverside between Wesolowka and Sulej6w
(figs. 1, 2) were recognized by POZARYSKI (1938) as belonging to the Santonian. POZARYSKI
distinguished 4 Santonian horizons "e", "f", "g" and "h", the first being insufficiently document­
ed paleontologically and only provisionally included to the Santonian. The changes in foramini­
feral assemblages, as observed in the Vistula River valley profile, are very similar to those on
the Coniacian-Santonian boundary in the Gulf Coast Plain; the termination of the majority
of marginotruncans is accompanied by the appearance of Globotruneana lapparenti BROTZEN
in both these areas. Therefore, it seems that the hitherto tentative Coniacian-Santoniari bound­
ary may be regarded as being confirmed.

KURLENDA (1967), on the basis of different groups of macrofauna, confirmed POZARYSKI'S
subdivision and KONGIEL (1962) accepted the position of the Santonian-Campanian boundary
between the horizons "h" and "i" (comp . table 2). BLASZKIEWICZ (1966) shifted this boundary,
placing it between the horizons "f" and "g" (comp. table 2), and this was the result of his different
interpretation of the ranges of forms of the genus Gonioteuthis, BLASZKIEWICZ (1966) placed the
boundary according to the JELETZKY:S scheme (1958) in which the Santonian-Campanian
boundary is fixed by the appearance of typical Gonioteuthis granulata (BLAINVILLE). The thickness
of the Santonian deposits so defined decreased from 120 to 60 m. The subdivision based on
planktic foraminifera supports the conclusion of BLASZKIEWICZ (1966).

The Santonian-Campanian boundary coincides with the lower boundary of the Globo­
truneana area zone.

In the Santonian deposits two foraminiferal zones were distinguished: Globotruneana
lapparenti Zone and Globotruneana fornieata Zone.

The Santonian planktic foraminifera are characterized first of all by the common
occurrence of representatives of Globotruneana and Marginotruneana. In the Globotruneana
lapparenti Zone the genus Globotruneana is represented by G. lapparenti BROTZEN and G. linneiana
(d'ORBIGNY) and the genus Marginotruneana by M. pseudolinneiana PESSAGNO, M. paraeonea­
vata PORTHAULT, M. marginata (REUss), M. longiloeula (GANDOLFI) and M. eoronata (BOLLI).
Globotruneana fornieata PLUMMER and G. obliqua HERM persist into the Globotruneana fornieata
Zone while the marginotruncan assemblage becomes impoverished as M. paraeoncavata
dies out. SERONIE-VIVIEN (1972) reports the following species from the stratotype profile: G. bulloi­
des VOGLER, G. cf. angusticarinata GANDOLFI, G. eoronata BOLLI, G. fornicata PLUMMER,
G. lapparenti BROTZEN, G. triearinata (QUEREAU) and G. aff. semsalvensis CORMINBOEUF. This
assemblage can be compared with the assemblages of the Globotruncana lapparenti and G. forni­
cata zones of the Vistula River valley profile.



30 DANUTA PERYT

Campanian

The base of this stage was discussed above. The upper boundary was placed between
horizons "r" and "s". KONGIEL (1962) demonstrated that it should be raised, so as to include
zones "s" and partially "t" being in the Santonian. His conclusion was supported by BLASZKIE­
WICZ (1966) and accepted by POZARYSKI (1966). According to them, the boundary between the
Campanian and Maastrichtian deposits lies half way up the quarry face in Piotrawin.

BLASZKIEWICZ (1966) distinguished 6 zones inthe Campanian on the basis of cephalopods:
1. Gonioteuthis granulata-G. granuloquadrata, 2. Gonioteuthis quadrata-Eupachydiscus lewyi
in the Lower Campanian, 3. Neancyloceras pholeratum et subsp., 4. Bostrychoceras polyplocum
et sp. nov., 5. Cirroceras donezianum et sp. nov, and 6. Nostoceras vistulae in the Upper Campa­
nian. On the basis of planktic foraminifera I recognize two zones in the Campanian: the Globo­
truncanaareaZone and the Globigerinelloides multispinusZone. The former one corresponds to the
horizons "f", "g", "h" and "i" of POZARYSKI (1938) and to the two lower zOnes of BLASZKIE­
WICZ (1966). The Globigerinelloides multispinus Zone comprises the entire Upper Campanian­
from horizon "h" to the middle of horizon "v" - and the lowermost part of the Maastrichtian,
the Belemnella lanceolata lanceolataZone of BLASZKIEWICZ (1966). This is a very long time span,
but the assemblage of planktic foraminifera is monotonous and almost constant in composition,
so that there is no foraminiferal basis for subdividing it Into smaller units.

The third foraminiferal assemblage of POZARYSKI and WITWICKA (1956), comprising the
Campanian and Lower Maastrichtian, contains the following species: Globotruncana fornicata
PLUMMER, G. area (CUSHMAN), G. fornicata var. contusa (thought here probably to be G. patel­
liformis GANDOLFI), G. mayaroensis (most probably, G. obliqua HERM) and G. stuarti (probably
G. elevata (BROTZEN)). The upper part of this assemblage lies in the middle of the Belemnitella
junior horizon, i. e. inside the Guembelitria cretacea zone in my subdivision. The recent studies of
nannoplankton (GAZDZICKA 1978) lead to the recognition of 2 zones: 1. Arkhangelskiella specil­
lata, being equivalent to the Globotruncana area Zone and to the two lowermost Campanian
belemnite zones, and 2. Tetralithus aculeusZone, which embraces - as does the Globigerinelloides
multispinus Zone- not only the Upper Campanian but also the lowermost part of the
Maastrichtian, the Belemnella lanceolata-Ianceolata Zone.

Van HINTE (1965) described, and SERONIE-VIVIEN (1972) listed the planktic foraminifera
from the stratotype. Both authors recorded the presence of the following species: Globotruncana
area (CUSHMAN), G.fornicata (PLUMMER), G. tricarinata (QUEREAU), G. linneiana (d'ORBIGNY)­
although from the illustrations by van HINTE (1965) it appears that it is rather G. obliquaHERM ­
and Archaeoglobigerina cretacea (d'ORBIGNY). Van HINTE (1965) illustrates G. cf. plummerae
GANDOLFJ, Pseudotextularia elegans (RZEHAK) and G. marginata (Rsuss) (probably G. bulloides
VOGLER): The species reported by van HINTE (1965) belong to the Globotruncana stuartiformis
Zone in his general zonation. SERONIE-VIVIEN (1972) found also Globotruncanita elevata (BROT­
ZEN), Globotruncana stuartiformis (DALBIEZ) and G. conica (WHITE), confirming that the assem­
blage from the stratotype should be referred to the Globotruncana stuartiformis Zone. The
assemblage discussed above may be regarded as coeval with the assemblage of the Globotruncana
area Zone of the Vistula River profile.

Maastrichtian

The lower boundary of the Maastrichtian was discussed above. POZARYSKI (1938) in the
Upper Maastrichtian distinguished the horizons "x", "y" and "z". The horizons "y" and "z"
crop out in a quarry in Nasilow and in a gorge in Bochotnica (fig. 1, table I). The uppermost
horizon contains glauconitic sandstones with phosphorites, with an abundant Cretaceous
fauna, and overlying the hardground. POZARYSKI and POZARYSKA (1960) found in this horizon
a Danian microfauna and so regarded these deposits as lowermost Tertiary; the Cretaceous
auna mentioned above is reworked (POZARYSKI and POZARYSKA 1960). POZARYSKA (1965)
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demonstrated that in the Vistula River profile the uppermost Maastrichtian, the so called Zyrzyn
Beds), is lacking. Therefore, the highest horizon in the Cretaceous profile in the Vistula River
valley is the horizon "y".

BLASZKIEWICZ (1966) distinguished 4 zones in the Maastrichtian: 1. Belemnella lanceolata
lanceolata, 2. Belemnella occidentalis, 3. Belemnitella junior and 4. Belemnella kasimiroviensis
et subsp. On the basis of planktic foraminifera I recognize two zones: the Rugoglobigerina
pennyi Zone, being equivalent to the Belemnella occidentalis Zone, and Guembelitria cretacea
Zone. The assemblage of foraminifers in the latter zone occurs in the deposits of the belemnite
Zone: Belemnitella junior and Belemnella kasimiroviensis. The calcareous nannoplankton also
permits recognition of two zones in the Maastrichtian (GAZDZICKA 1978). The lower zone, the
Litraphidites quadratus Zone, is equivalent to the Belemnella occidentalis and Rugoglobigerina
pennyi Zones, and the upper zone , the Nephrolithus frequens Zone, is equival ent to the Belemni­
tella junior and Belemnella kasimiroviensis Zones in the belemnite zonation and to the Guembeli­
tria cretacea Zone in the foraminiferal zonation.

From the base of the Upper Campanian the cosmopolitan and rather long-ranging forms
begin to dominate in the Vistula River profile. Species such as Globotruncana stuarti (de LAP­
PARENT), G. gansseri (BOLU), G. calcarata (CUSHMAN) and Abathomphalus mayaroensis (BOLU),
which are the index species in the Upper Campanian and Maastrichtian in the lower latitudes;

. are absent here. With the end of the Rugoglobigerina pennyi Zone the globotruncans become
extinct, and the heterohe1ix-rugoglobigerin-globigerinelloid assemblage becomes dominant;
The Upper Campanian and Maastrichtian deposits were subdivided on the basis of this assem­
blage. Judging from the literature, the genera prevailing in the Campanian and Maastrichtian
of central Poland are represented in the lower latitudes by the same species, belonging to the
genera Rugoglobigerina or Guembelitria, Racemiguembelina or Pseudotextularia.

In the higher latitudes the "keeled" forms are absent or only long-ranging forms occur.
Therefore, when establishing the zonations, the genera belonging to the family Heterohelicidae
and the genus Rugoglobigerina (from the family Globotruncanidae) should be used.

The recent study of planktic foraminifera from the stratotype of the Maastrichtian by
BELUER and VILLAIN (1975) and VILLAIN (1977) contains illustrations and descriptions of species
belonging to Globotruncana and Globotruncanita and also of Rugoglobigerina rugosa (PLUMMER)­
the last being known from the Upper Campanian and Maastrichtian. The authors only mention
that the genera Heterohelix and Globigerinelloides form the main constituent of the planktic
fraction of chalk a la craie tigree. Because of the lack of Globotruncana and Globotruncanita
in the Upper Maastrichtian of central Poland and the presence there of only cosmopolitan
long-ranging species in the Lower Maastrichtian, it cannot yet be .correlated with its stratotype.

CONCLUSIONS

The rich assemblage of planktic foraminifera recorded from the Upper Cretaceous Vistula
River profile of central Poland permits recognition of 10 zones in the Cenomanian to Maastrich­
tian deposits. They are, in stratigraphical order:

Hedbergella planispira Assemblage-Zone
Rotalipora cushmani Range-Zone
Helvetoglobotruncana helvetica Interval-Zone
Marginotruncana coronata Interval-Zone
Globotruncana lapparenti Interval-Zone
Globotruncana fornicata Interval-Zone
Globotruncana area Interval-Zone
Globigerinelloides multispinus Interval-Zone
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Rugoglobigerina pennyi Interval-Zone
Guembelitria cretacea Range-Zone.

These zones have been correlated with the zonation based on cephalopods and inocerams
of that region (POZARYSKI 1938, 1948; CIESLINSKI 1959, BLASZKIEWICZ 1966). The conclusions
are:
Hedbergella planispira Zone = Schloenbachia varians horizon (Lower Cenomanian)
Rotalipora cushmani Zone = Holaster subglobosus horizon (Upper Cenomanian)
Helvetoglobotruncana helvetica Zone = Inoceramus labiatus + Inoceramus lamarcki Zones
(Lower Turonian)
Marginotruncana coronata Zone = Inoceramus costellatus ~ I. inconstans + Inoceramus schlo­
enbachi + Inoceramus involutus Zones (Upper Turonian-Coniacian)
Globotruncana lapparenti Zone = Inoceramus cardissoides Zone (Lower Santonian)
Globotruncana fornicata Zone = Inoceramus patootensis Zone (Upper Santonian)
Globotruncana area Zone = Gonioteuthis granulata-granulatoquadrata + G. quadrata Zones
(Lower Campanian)
Globigerinelloides multispinus Zone = Neancyloceras phaleratum et subsp. + Bostrychoceras
sp. novo + Cirroceras donezianum + Nostoceras vistulae + Belemnella lanceolata Zones (Upper
Campanian - lowermost Maastrichtian)
Rugoglobigerina .penny i Zone = Belemnella occidentalis Zone (upper Lower Maastrichtian)
Guembelitria cretacea Zone = Belemnitella junior + Belemnella kasimiroviensis et subsp.
Zones (Upper Maastrichtian)

Foraminiferal zones distinguished in the Campanian and Maastrichtian were correlated
with coccolith zones recognized by GAZDZICKA (1978), and it has been concluded that:
Globotruncana area Zone = Arkhangelskiella specillata Zone

Globigerinelloides multispinus Zone = Tetralithus aculeus Zone
Rugoglobigerina pennyi Zone = Lithraphidites quadratus Zone
Guembelitria cretacea Zone = Nephrolithus frequens Zone

The foraminiferal zonation has also been compared with zonations in other areas (table 6).
It was found that although in the Upper Cretaceous and especially in the Campanian

and Maastrichtian of the Vistula River profile some species from the genera Globotruncana,
Globotruncanita and Abathomphalus that are the basis of zonations in the lower latitudes, do not
occur, it is possible to distinguish a foraminiferal zonation based upon other genera, not hitherto
used as index fossils (e. g., Guembelitria, Rugoglobigerina and Globigerinelloides).

SYSTEMATIC PALAEONTOLOGY

LONGORIA and GAMPER'S (1975) systematics has been applied in the present paper when
describing particular species. The species not contained in it are classified according to LOEBLICH
and TAPPAN's (1964) systematics.

Abbreviations used:
L - length of the test
W - width of the test
T - thickness of the test

Family Heterohelicidac CUSHMAN, 1928
Subfamily Guembelitrinae MONTANARO GALLITELLI, 1957

Genus Guembelitria CUSHMAN, 1933
Guembelitria cenomana (KELLER, 1935)

(pl. 1: 2-6)

1935. Guembelina cenomana KELLER; KELLER, 547, pI. 2: 13, 14 (fide ELLIS and MESSINA, Catalogue Foram.).
1972. Guembelitria cenomana (KELLER); GAWOR-BIEDOWA, 60-61, pl . 5: 4.
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part. 1973. Guemhelitria cretacea CUsHMAN; SMITH and PEssAGNO, pI. 1: 2, 3, 4, 5, 7, 8, non pI. 1: 1, 6.
1975. Guembelitria cenomano (KELLER); HELLER, pl , 1: 15.
1977. Guemhelitria cenomana (KELLER); ALUULLA, pl, 1: 1.

Material. - 17 well preserved specimens.
Dimensions (in mm):

33

ZPAL FXXIII/2
ZPAL FXXIlI/3

L T
0·20 0'09
0'17 0·08

Description. - Test triserial, tapering throughout, somewhat twisted; chambers spherical'
increasing slowly in size as added; sutures depressed; wall finely perforate, each pore surrounded
by a blunt pore cone of microgranular calcite; primary aperture interiomarginal, rather high,
bordered by a thickened rim.

Remarks. - The specimens described above as G. eenomana are larger than eooccurring
specimens of G. eretaeea CUSHMAN and G. harrisi TAPPAN and the proportions of their test
dimensions differ. While the length to width ratio in G. eenomana is usually 2,2, in G. eretaeea
it is 1·2 and in G. harrisi it is 1·6. The test of G. eenomana (KELLER) is usualIy somewhat twisted
and almost smooth and the chambers increase gradually in size whereas the chambers of G. har­
risi and especially of G. eretaeea increase sharply in size.

Specimens figured by SMITH and PESSAGNO (1973, pI. 1: 2, 4, 7) as G. eretaeea increase
gradually sometimes irregularly in size, and they also possess more elongated tests than the
holotype of Guembelitria eretaeea CuSHMAN and therefore I refer them in Guembelitria ceno­
mana.

Occurrence. - USSR: Albian-Cenomanian; USA: Maastrichtian; NW Poland: Albian­
Cenomanian; Central Poland (Kazimierz, Dobre, Podgorz, Bochotnica): Upper Maastrichtian.

Guembelitria eretaeea CUSHMAN, 1933
(pI. 1: 7a-b, 8)

1933. Guemhelitria cretacea CUSHMAN; CUSHMAN, 37-38, pI. 4 : 12a-b.
1946. Guembelitria cretacea CUSHMAN; CUSHMAN, 103, pI. 44: 14a-c.
1957. Guembelitria cretacea CUSHMAN; MONTANARO GALLlTELLI, 136, pl, 31: la-b.
1960. Guembelitria cretacea CUSHMAN; OLSSON, 27-28, pI. 4.
1964. Guembelitria cretacea CUSHMAN; LOEBLICH and TAPPAN, C652, fig. 523: la-b.
1967. Guembelitria cretacea CUSHMAN; PESSAGNO, 258, pI. 87: I, 2, 3.

part. 1973. Guembelitria cretacea CUSHMAN; SMITH and PESSAGNO, 15-16, pI. 1: 1, 6 non pI. 1: 2,3, 4, 5, 7, 8.

Material. - 40 well preserved specimens.
Dimensions (in mm):

L T
ZPAL FXXIII/5 0·11 0·09
ZPAL FXXIII/6 0·12 0·10

Description. - Test triserial throughout, tapering rapidly; chambers globular, spherical
increasing rapidly in size as added ; sutures strongly depressed; walI finely perforate, each pore
surrounded by a blunt cone of microgranular calcite; aperture interiomarginal, semicircular,
highly arched, bordered by a thickened rim.

Variability. - Some variability can be observed in test size, degree of convexity of cham­
bers and position of aperture sometimes slightly asymmetrically located.

Remarks. - The specimens described correspond with the holotype in general test shape,
in the way that the chambers increase sharply in size and in the position of the aperture; they
differ from the holotype in having a smalIer test.

Specimens figured as G. eretaeea CUSHMAN by SMITH and PESSAGNO (1973, pI. 1: 2, 4, 7)
3 - Palaeontologia Polonica No. U
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possess chambers increasing irregularly in size as added but not so sharply as in G. cretacea.
Therefore, their tests have quite different proportions, being long with smaller width in the
latest portion contrary to Guembelitria cretacea CUSHMAN which is short but very widein the
youngest portion. Because of the eooccurrence of G. cretacea and G. cenomana in the. Polish
Maastrichtian it seems probable that the specimens discussed by SMITH and PESSAGNO{l973)
properly belong to G. cenomana.

Occurrence. - USA (Texas, Arkansas, Alabama) : Middle-Upper Maastrichtian; Central
Poland (Lucimia, Dobre, Podgorz, Mecmierz, Janowiec, Kazimierz, Bochotnica): Upper
Maastrichtian.

Guembelitria harrisi TAPPAN, 1940
(pl , 1: 1)

1940. Guembelitria harrisi TAPPAN ; TAPPAN, 115, pl. 19: 2a-b.
1967. Guembelitria harrisi TAPPAN ; PESSAGNO, 258, pl. 48 : 12, 13.
1970. Guembelitria harrisi TAPPAN; EICHER and WORSTELL, 296, pl, 8: 1-2 .
1973. Guembelitria harrisi TAPPAN; SMITH and PESSAGNO, pI. 2: 1-2.
1977. Guembelitria harrisi TAPPAN ; PETTERS, pl. 1: 1.

Material. - 16 specimens.
Dimensions (in mm):

ZPAL FXXIIl/l
L T

0'16 0'10

Description. - Test triserial throughout, somewhat' twisted ; chambers globular, spheri­
cal, increasing moderately in size as added"; sutures depressed; wall finely perforate;
primary aperture interiomarginal, moderately arched, semicircular, bordered by a thickened
rim; each chamber is covered by well developed but rather rare pore cones.

Remarks. - G. harrisi TAPPAN differs from G. cenomana (KELLER) in having a faster
growth rate, fewer chambers, and a more tapered shape. It differs from G. cretacea CUSHMAN
in being larger, in having chambers which increase more gradually in size as added, and in
possessing fewer pore-cones on the wall.

Occurrence. - USA: Albian-Turonian; Central Poland (Ciszyca, Lopoczno, Kaliszany,
Podgorz, Mecmierz, Bochotnica): Campanian-Maastrichtian.

Genus Guembelitriella TAPPAN, 1940
Guembelitriella sp.

(pI. 1: 9-10)

Material. - 2 specimens.
Dimensions (in mm):

L T
ZPAL FXXIIl/7 0'17 0·10

Description. - Test triserial in earliest portion, somewhat twisted, multiserial inIater
portion; chambers globular, spherical, increasing moderately in size as added; sutures distinct,
depressed; wall finely perforate, each pore surrounded by a blunt cone, except for two terminal
chambers which are smooth; primary aperture interiomarginal, moderately arched, semicircular,
bordered by a thickened rim.

Remarks. - Guembelitriella sp. differs from G. graysonensis TAPPAN in possessing a more
elongated test and in having chambers which only gradually increase in size.

Occurrence. - Central Poland (Kazimierz): Upper Maastrichtian.
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SubfamilyHeterohellclnae CUSHMAN, 1927
Genus Heterohelix EHRENBERG, 1843

Heterohelix globulosa (EHRENBERG, 1840)
(pl . 2: 11 , 12; pl . 5: 6, 7; pl, 7 : 12)

1840. Textularia globulosa EHRENBERG ; EHRENBERG, 135, pl. 4 : 2~, 4~, 5~, 7~, 8~.

1951. Guembelinti globulo sa (EHRENBERG) ; LOEBLICH, 108, pl, 12 : 4 '- 5.
1957. 'Heterohellx globulosa (EHRENBERG)'; MONTANARO GALLITELLI, 137, pl. 31: 12-15.
1967. Heterohelix globulasa (EHRENBERG); PEssAGNO, 260, pI. 87: '5- 9, 11-13.
1968. Heterohelix globulosa (EHRENBERG); SLITER, 94-95, pI. 14: 1-3.

1970. Heterohelix globulosa ,(EHRENBERG) ; NORTH and CALDWELL, 47-49, pI. 4: 6a, b .
1970. Heterohelix globulosa (EHRENBERG); TODD, 148, pl, 5: 7.

1971. Heterohelix globulosa (EHRENBERG); MORRIS, 280, pl. 7: 3.
1972. Heterohelix globulosa (EHRENBERG); GOVINDAN, 167-168, pl. 1: 1-2.
1972. Heterohelix globulosa (EHRENBERG); HANZLIKOVA, 91, pI. 23 : 2-4.
1974. Heterohelix globulosa (EHRENBERG); KASSAB, 80, 81, pl. 1 : 1.
1975. Heterohelix globulosa (EHRENBERG) ; NORTH and CALDWELL, pl , 4 : 8a-b.

Material. - 43 specimens.
Dimensions (in mm):

35

ZPAL FXXIII/18
L

0'28

W T
0'14 0·10

Description. - Test biserial, medium in size, consisting usually of 6--8 pairs of chambers;
chambers spherical or subspherical, increasing regularly in size as added; sutures distinct,
depressed, straight wall finely costate; aperture as a broad, low arch with slight lip at the inner
margin of ultimate chamber. '

Remarks. - H. globulosa is very similar to H. striata (EHRENBERG) but differs in having
slightly less distinct ornamentation and slightly greater dimensions.

Occurrence. - USA (Gulf Coast Plain, California): Campanian-Maastrichtian; Canada:
?Cenomanian-Maastrichtian; Iraq: Upper Campanian-Maastrichtian; Central Poland (Opocz­
ka, Kolonia Slupia Nadbrzezna, Slupia Nadbrzezna, Wesolowka 31,33,34,39,42,44, Sulej6w,
Walowice, Dorotka, Ciszyca Kolonia, J6zef6w, Lopoczno, Solec, Chotcza, Lucimia, Dobre,
Podgorz, Mecmierz, Kazimierz, Bochotnica): Upper Turonian-Maastrichtian,

Heterohelix moremani (CUSHMAN, 1938)
(pI. 2: 3, 8)

part . 1938. Guembelina moremani CUSHMAN; CUSHMAN, 10, pl , 2 : 1-2, non pl, 2: 3 (fide ELLISand MESSINA, Catalogue
Foram.).

part. 1946. Guembelina moremani CUSHMAN; CUSHMAN, 103, 104, pl, 44: 15-16. non pl . 44: 17.
1967. Heterohelix moremani (CUSHMAN); PESSAGNO, 260, 261, pI. 48: 10-11, pl, 89 : 1,2.
1969. Heterohidix moremani (CUSHMAN); BROWN, 35-36, pI. 1: 8. '
1975. Heterohelix moremani (CUSHMAN); NORTH and CALDWELL, pI. 4 : 9a-<.
1975. Heterohelix moremani (CUSHMAN); DARMOIAN, 191-192, pl, 1: 3.

Material. - 17 specimens.
Dimensions (in mm):

L W T
ZPAL FXXIII/16 0·16 0·09 0·05
ZPAL FXXlII/17 0'16 0·09 0·06

Description. - Test biserial , elongated, tapering gradually; periphery indented; chambers
spherical, slightly laterally flattened, increasing moderately in size as added; test consisting
of 7-9 pairs of chambers; sutures distinct, depressed, straight to slightly curved; wall finely
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omamented by discontinuous costae; aperture interiomarginal, moderately high, a low arch
with slight lip.

Remarks. - CuSHMAN (1938) stated that the holotype of G. moremani possesses a smooth
wall, and this was later confirmed by PESSAGNO (1967). However, some authors (e. g., BROWN,
1969 and DARMOIAN, 1975) also included finely costate specimens in this species. DARMOIAN
(1975) claimed that only the Cenomanian representatives of G. moremani are smooth whereas
younger ones are finely costate. Polish specimens also possess fine discontinuous striae, especially
in the older portion of the test, and are slightly smaller than the holotype (which, according to
PESSAGNO 1967, represents the gerontic stage), and are closer to the paratype.

Occurrence. - USA, Mexico: Albian-Turonian; Iraq: Turonian; Central Poland
(Opoczka, Kol, Slupia Nadbrzezna, Wesol6wka 37, 38, Swieciechow, Walowice, Ciszyca
Kolonia, Lopoczno, Chotcza, Lucimia, Dobre, Mecmierz, Kazimierz): Turonian-Maastrichtian.

Heterohelix navarroensis LoEBLICH, 1951
(pI. 3: 5, 9a-b)

1951. Heterohelix navarroensis LOEBLICH; LOEBLICH,107-108, pl , 13: I, 2, 3a-b, fig. 2.
1951. Heterohelix americana (EHRENBERG); LOEBLICH, 108, fig. l.
1957. Heterohelix navarroensis LoEBLICH; MONTANARO GALLITELLI, 137, pI. 31: 5a-b, 6, 7, 8, 9, 10, 11.
1960. Heterohelix navarroensis LOEBLICH; OLSSON, 27, pl. 2: 5.

non 1962. Heterohelix navarroensis LOEBLICH; PESSAGNO, 358, pI. 1: 4.
1964. Heterohelix americana (EHRENBERG); LOEBLICH and TAPPAN, C652-654, fig. 523: 5a-b.
1967. Heterohelix navarroensis LoEBLICH; PESSAGNO, 261, pI. 89: 8, 9.
1969. Heterohelix navarroensis LOEBLICH; BROWN, 33-34 , pl, 1: I, 2, 3,4, 5, 6a-b.

part. 19~9. Heterohelix globulosa (EHRENBERG); FUNNEL et al., 20, pI. 1: 1, 2 non fig. l.
1972. Heterohelix navarroensis LoEBLICH; HANZLIKOVA, 91, 92, pI. 23: 12, 13.
1973. Heterohelix navarroensis LoEBLICH; SMITH and PESSAGNO, 18-19, pl, 3: 4-5, 6-7.
1973. Heterohelix navarroensis LoEBLICH; OWEN, 54, pI. 14: 1-2.
1974. Heterohelix navarroensis LOEBLICH; KASSAB, 81, 82, pI. 1: 2.

Material. - 15 specimens.
Dimensions (in mm):

L W T
ZPAL FXXlII/28 0·23 0·12 0·09

Description. - Test biserial, slightly laterally flattened, subtriangular in side view; initial
chambers planispirally coiled, the others biserially arranged; planispiral part nearly smooth
with subglobular chambers, separated by radial, depressed sutures; chambers in biserial portion
inflated and subglobular, nodulose, nodules often merging, forming thus longitudinal striae
parallel to test periphery, separated by oblique, slightly depressed sutures; primary aperture as
a low arch at the inner margin of the ultimate chamber.

Remarks. - H. navarroensis is easily recognized by the planispiral coiling in the initial
portion of the test. It differs from H. striata (EHRENBERG) in having an initial coiled stage, more
delicate striation and in being smaller.

Occurrence. ---.:. USA (Texas, Arkansas, New Jersey): Middle-Upper Maastrichtian;
Papua New Guinea: Lower Maastrichtian; Iraq: Upper Maastrichtian; Spain: Upper Maastrich­
tian; Czechoslovakia (Moravia): Maastrichtian; Central Poland (Dobre, Podgorz, Mecmierz,
Kazimierz, Bochotnica, Nasilow): Uppermost Campanian-Maastrichtian.

Heterohelix planata (CUSHMAN, 1938)
(pl , 2: 9, 10; pI. 3: 13, 14)

1938. Guembelina planata CUSHMAN; CUSHMAN, 12, pl, 2: 13-14 (fide ELLIS and MESSINA, Catalogue Foram.).
1946. Guembelina planata CUSHMAN; CUSHMAN, 105, pl. 45: 6a-b, 7.
1960. Heterohelix pulchra (BRoTzEN) ; OLSSON, 27. pl, 4: 6.
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1962. Heterohelix pulchra (BROTZEN) ; PESSAGNO, 358, pl , 1: 3.
1965. Heterohelix cf. planata (CUSHMAN); TAKAYANAGI, 196, pl. 20: 2.
1967. Heterohelix planata (CUSHMAN) ; PESSAGNO, 261, 262, pl, 86: 3, 4, 89: 6, 7.
1972. Heterohelix pulchra (BRoTZEN); GOVINDAN, 168, 169, pl . 1: 9-10.

part . 1972. Heterohelix pulchra (BROTZEN) ; HANZLlKOVA, 92, pl, 23: 11 , non pi. 23: lOa, b.
1974. Heterohelix pulchra (BROTZEN) ; VAPTZAROVA, 33, pl , 1: 3-7.
1974. Heterohelix planata (CUSHMAN); KASSAB, 82, 83, pl, 1: 3.
1975. Heterohelix planata (CUSHMAN); DARMOIAN, 192, pl, 1: 8.
1977. Heterohelix pulchra (BROTZEN); SLITER, 541, pl, 6: 7-9.

Material. - 17 well preserved specimens.
Dimensions (in mm):
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L
ZPAL FXXIII/24 0·28
ZPAL FXXlII/26 0·28

W T
0·14 0·07
0·14 0·09

Description. - Test biserial, with the greatest breadth formed by the ultimate pair of
chambers, consisting of about 7 pairs of chambers, slightly flattened; chambers broader than
high throughout; shape of ultimate pair of chambers reniform-like; sutures depressed: slightly
in the earlier portion, distinctly in younger portion; wall delicately costated except for the
ultimate chamber which is almost smooth; aperture high, arched, with distinct lateral flanges
extending onto the preceding chamber.

Remarks. - H. planata is very similar to H. pulchra (BROTZEN) but is slightly larger and
differs in shape of the ultimate pair of chambers. The reniform shape, typical of H. pulchra
is only very slightly marked in H. planata (CUSHMAN) in which the chambers do not overlap.
H. planata possesses quite well developed longitudinal striae whereas H. pulchra is smooth.
Transitional specimens between these species are known.

Occurrence. - Southern Atlantic Ocean: Lower Campanian-Lower Maastrichtian; USA
(Texas, California, New Jersey): Upper Campanian-Lower Maastrichtian; Puerto Rico: Cam­
panian-Lower Maastrichtian; India: Maastrichtian; Iraq: Santonian-Middle Maastrichtian;
Bulgaria: Upper Campanian-Middle Maastrichtian; Czechoslovakia (Moravia): Santonian­
Campanian; Central Poland (J6zef6w, Lopoczno, Kaliszany, Wola Pawlowska, Piotrawin,
Solec, Kludzie, Chotcza, Dobre, Mecmierz): Campanian-Upper Maastrichtian.

Heterohelix pulchra (BROTZEN, 1936)
(pI. 3: 8)

part. 1936. Guembelina pulchra BROTZEN; BROTZEN, 121, pl, 9: 3a-b, non pl. 9: la-b.
1946. Guembelina pseudotessera CUSHMAN ; CUSHMAN, 106-107, pl, 45 : 16-20.
1957. Heterohelix pulchra (BROTZEN); MONTANARO GALLITELLI, 137, pl. 31 : 20.

non 1960. Heterohelix pulchra (BROTZEN) ; OLSSON, 27, pl, 4: 6.
non 1962. Heterohelix pulchra (BROTZEN); PESSAGNO, 358, pl, 1: 3.

1965. Heterohelix pulchra (BROTZEN); TAKAYANAGI, 197, pl, 20: 3a-b.
1967. Heterohelix pulchra (BROTZEN); PESSAGNO, 282, pl, 87: 4.

part . 1968. Heterohelix pulchra (BROTZEN); SLITER, 96, pl. 14: 4-6, non pl. 14: 9.
1969. Heterohelix pu/chra (BROTZEN); DOUGLAS and RANKIN, 190, 191, fig. 4.
1969. Heterohelix pulchra (BROTZEN); STENESTAD, 654-656, fig. 9.
1969. Heterohelix pulchra (BROTZEN); DOUGLAS, 158, pl, 11: 3, 14.
1970. Heterohelix pulchra (BROTZEN); ElcHER and WORSTELL, 296, pl, 8: 9-10.

part. 1972. Heterohelix pulchra (BROTZEN); HANZLlKOVA, 92, pl. 23 : lOa, b, non pl, 23: 11.
non 1972. Heterohelix pulchra (BROTZEN); GOVINDAN, 168-169, pl. 1: 9-10.
non 1973. Heterohelix pu/chra (BROTZEN); SUTER. pl. 1: 19.

1974. Heterohelix pulchra (BROTZEN) ; KASSAB, 83, 84, pl. 1: 4.
1975. Heterohelix pulchra (BROTZEl'<) ; DARMOIAN, 192, 193, pl, 1: 9-15.

non 1977. Heterohelix pulchra (BROTZEN); SLITER, 541, pl. 6: 7-9.
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Material. - 14 well preserved specimens.
Dimensions (in mm):

LW T
ZPAL FXXIIlj38 0·16 0·10 0·06

Description. - Test biserial, tapering, flattened; about 6 pairs of chambers increasing
regularly in size as added; chambers reniform, inflated, wider than high, increasing in width
towards the apertural end; chambers more and more overlapping as test grows; sutures de­
pressed straight in earlier portion, depressed, curved in terminal portion ; aperture as a high
arch at the base of ultimate chamber.

Variability. - Expressed in degree of development of the reniform shape of the chambers:
from very strongly overlapping to only weakly defined. Numerous transitional forms to H. pla­
nata (CUSHMAN) are known.

Remarks. - H. pulchra is easily distinguishable by the reniform shape of its chambers
and its smooth wall. Polish specimens are almost identical with the holotype. Specimens illustra­
ted as H. pulchra by OLSSON (1960, pI. 4: 6), HANZLIKOVA (1972, pl, 23: 11), GO~INDAN (1972,
pI. 1: 9, 10) and SLITER (1973, pI. 1: 19) possess subglobular rather than reniform chambers
and therefore should be regarded as Heterohelix planata (CUSHMAN). The specimen illustrated
by SLITER 0968, pI. 14: 9) as H. pulchra belongs to GUBLERINA. I agree with PESSAGNO (1967)
that Guembelina pulchra illustrated by BROTZEN in pI. 9: 2a-b properly belongs to Gublerina.

Occurrence. - USA (California, New Jersey): Campanian-Maastrichtian; Iraq: Conia­
cian-Santonian, Upper Campanian-Maastrichtian; Italy: Campanian-Maastrichtian: Czecho­
slovakia (Moravia): Santonian-Campanian; Sweden: Coniacian-Santonian; Denmark (Born­
holm): Lower Santonian; Central Poland (Sulej6w, BIiskowice, Walowice, Ciszyca Kolonia,
J6zef6w, Lopoczno, Wola Pawlowska, Piotrawin, Solec): Upper Campanian-Maastrichtian.

Heterohelix aff. punctulata (CUSHMAN, 1938)
(pl, 7: 10, 11)

Material. - 15 specimens.
Dimensions (in mm):

L W T
ZPAL FXXIlIj217 0·28 0·16 0·11
ZPAL FXXIII/218 0·27 0·14 0·10

Description. - Test biserial, initial portion rapidly tapering, later portion of nearly
uniform width; periphery of early portion straight, smooth, nonindented, of later portion in­
dented; initial chambers slightly compressed; sutures flush, limbate; terminal chambers globular,
of uniform size but increasing rapidly in size in relation to initial chambers; sutures depressed;
wall delicately, discontinuously costated, especially in initial portion; terminal chambers con­
siderably faintly costated, wall often- coarsely punctate; primary aperture interiomarginal,
a low, broad arch with slight lip.

Remarks. - The specimens described differ from typical H. punctulata _(CUSHMAN) in
being more costate on the major part of the wall and in lacking a keel in the earlier part of the
test. The holotype of H. punctulata possesses sutural supplementary apertures not observed in
the material examined; however these apertures are often lacking and their taxonomical value
is limited. The apertures have some significance for Pseudoguembelina in which the small secon­
dary sutural supplementary apertures are covered by elongate, tubelike apertural flaps.

Occurrence. - Central Poland (Lucimiaj. Upper Maastrichtian.
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Heterohelix reussi (CUSHMAN, 1938)
(pl , 3: 10, pl. 7: 13)

1938. Guembelina reussi CUSHMAN; CUSHMAN, 11, pl, 2:6-9.
1946. Guembelina reussi CUSHMAN ; CUSHMAN, 104, pl . 44: 18.a-b, 19.

non 1956. Guembelina reussi CUSHMAN; SAID and KENAVY, 139, pI. 3: 32.
1967. Heterohelix reussi (CUSHMAN) ; PESSAGNO, 263, pI. 85: 1-9, pI. 86: 1-2.
1969. Heterohelix reussi (CUSHMAN); DOUGLAS, 158, 159. pI. 11: 15.
1969. Heterohelix reussi (CUSHMAN); ESKER Ill, pl, 2: 19.
1972. Heterohelix reussi (CUSHMAN) ; HANZLiKOVA, 92, pI. 23 : 8, 9.
1974. Heterohelix reussi (CUSHMAN); KASSAB, 85, 86, pI. 1: 6-8.
1974. Heterohelix reussi (CUSHMAN) ; HERB, pl , 4: 14, 15.
1975. Heterohelix reussi (CUSHMAN); DARMOlAN, 194, pI. 1: ~6--20.

Material. - 16 specimens.
Dimensions (in mm):

39

L W T
ZPAL FXXlII/39 0·31 0'18 0'08
ZPAL FXXIII/40 0·24 0·18 0·07

Description. - Test biserial, tapering; periphery of earlier portion usually entire, later
indented; chambers globular; between terminal chambers characteristic depressed triangle
area; sutures slightly depressed; wall finely costate; primary apertures semicircular, bordered
by thickened rim. '

Remarks.- H. reussi was originally described by CUSHMAN (1938) as Guembelina reussi.
According to CuSHMAN, its wall is smooth but PESSAGNO (1967), after examining the holotype
and paratypes has recorded the presence of delicate costae, which are also visible on Polish
specimens. The specimen illustrated by SAID and KENAWY (1956) as Guembelina reussi CUSHMAN
does not possess globular chambers nor a triangular area in side view. The subrectangular shape
of the chambers in apertural view and a slightly flattened test in side view place this specimen
in Pseudotextularia.

Occurrence. - USA, Mexico: Turonian-Lower Campanian; Jamaica: Upper Coniacian­
Santonian; southern Indian Ocean: Coniacian; Iraq: Upper Coniacian-Lower Santonian;
Czechoslovakia (Moravia): Coniacian-Santonian; Central Poland (Opoczka, Slupia Nad­
brzezna, Kol, Slupia Nadbrzezna, Wesolowka 33, 34, 39,42,44, Walowice, Bliskowice, Ciszyca
Kolonia, Jozefow): Upper Turonian-Upper Campanian.

Heterohelix striata (EHRENBERG, 1840)
(pl, 2: 4, 5, 7, 13; pl, 5: 8, 9)

part. 1840. Textularia-striata EHRENBERG; EHRENBERG, 135, pI. 4: 1,2,3, non pI. 1: 9 (fide ELLIS and MESSINA, Cata-
logue Foram.).

1946. Guembelina striata (EHRENBERG); CUSHMAN, 104, 105, pI. 45 : 4, 5.
1962. Heterohelix striata (EHRENBERG); PESSAGNO, 358, pI. 1: 5.
1962. Heterohelix navarroensis LOEBLICH ; PESSAGNO, 358; pl . 1: 4.
1962. Heterohelix striata (EHRENBERG); BERGGREN, 21, 22, pl, 6: la-5b.
1963. Heterohelix striata (EHRENBERG) ; GRAHAM and CHURCH, p. 62, 63, pl, 7: 12a, b.
1964. Heterohelix striata (EHRENBERG) ; MARTIN, 85, pl. 11: 1.
1965. Heterohe/ix striata (EHRENBERG) ; TAKAYANAGI, 198, pI. 20:.4.
1967. Heterohelix striata (EHRENBERG); PESSAGNO, 264, pl. 78: 4, 5, pI. 88: 3-7, pl, 98: 16 (here additional

synonymy included).
1968. Heterohelix striata (EHRENBERG); SUIER, 96 pi. 13: 13.
1969. Heterohelix striata (EHRENBERG); STENESTAD, 653-654, pl. 1: 4, pl. 2: 1, la, lb, fig. la-e.
1969. Heterohe/ix striata (EHRENBERG); DOUGLAS, 159-160, pl. 11 : 4, 7, 8.

non 1969. Heterohe/ix striata (EHRENBERG); FUNNELL et al., 21 , 22, pl. 1: 2, 3, fig. 2.
1971. Heterohe/ix striata (EHRENBERG) ; EL-NAGGAR, pI. 7: i.
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1972. Heterohelix striata (EHRENBERG); HANZLlKOVA, 93, pl, 23: 14-18.
1972. Heterohelix striata (EHRENBERG); GOVINDAN, 168, pl , 1: 13-14.
1973. Heterohelix striata (EHRENBERG) ; SMITH and PESSAGNO, 19, pl. 3: 1-2, 3-4.
1974. Heterohelix striata (EHRENBERG) ; KASSAB, 86, 87, pl. 1: 9-12.

non 1975. Heterohelix striata (EHRENBERG); NORTH and CALDWELL, pl. 4: lOa-b.
1975. Heterohelix striata (EHRENBERG); STAPLETON, pl. 3: 6a-.<.

Material. - 50 well preserved specimens .
Dimensions (in mm):

L W T
ZPAL FXXlII!10 0'31 0·19 0'10

Description. - Test small to average in size, biserial; chambers slightly flattened in the
earlier part of test, later spherical, regularly increasing in size as added; sutures distinct, straight,
depressed; periphery lobate; primary aperture as a broad, low arch with rather distinct lip on
inner margin of the ultimate chamber; wall ornamented by longitudinal striae.

Variability. - It is mainly expressed by test size and shape of chambers changing from
subglobular to globular.

Remarks. - H. striata resembles H. globulosa (EHRENBERG) in test size and in the shape
of its chambers, differing mainly from it in its possession of well-developed longitudinal ribs.
The difference is especially clear when the lectotypes of H. striata and H. globulosa, designated
by PESSAGNO (1967), are compared. DARMOIAN (1975) assumed a very high specific variability
of H. striata and included H. globulosa in the synonymy of this species. The two species do not
appear simultaneously in the profile studied. Smooth-tested or very finely striated H. globulosa
occurs from the Upper Turonian whereas H. striata does not appear before the Campanian.
The variability of H. striata was, in my opinion, overestimated by DARMOIAN (1975) and it is
necessary to distinguish the two species H. striata and H. globulosa.

Occurrence. - USA (Gulf Coast Plain, California), Iraq, Moravia: Campanian-Maastrich­
tian; South Africa, India, Denmark: Maastrichtian; Poland (studied area): Campanian­
-Maastrichtian.

Heterohelix ultimatumida (WHITE, 1929)
(pI. 2: 6)

1929. Guembelina ulttmatumida WHITE; WHITE, 39, pl, 4: 13a-b.
non 1946. Guembelina ultimatumida WHITE; CUSHMAN, 107, pl. 46: 6-7.

1962. Heterohelix ultimatumida (WHITE); PESSAGNO, 356, pl , 1: 8.
1967. Heterohelix ultimatumida (WHITE) ; PESSAGNO, 264-265.
1972. Heterohelix ultimatumida (WHITE); GOVINDAN, 168, pl. 1: 3-4.
1974. Heterohelix ultimatumida (WHITE) ; KASSAB, 87, 88, pl, 1: 13-14.
1975. Heterohelix striata (EHRENBERG); NORTH and CALDWELL, pl, 4: lOa-b.

Material. - 19 specimens.
Dimensions (in mm):

L W T
ZPAL FXXIII!15 0·32 0·23 0'08

Description. - Test biserial; chambers spherical, increasing gradually in size as added in
the earlier portion and more sharply in the terminal portion, so two terminal pairs of chambers
constitute 1/2 to 3/4 of the total test length; sutures distinctly depressed, oblique in regard to
test axis; wall ornamented by longitudinal striae; primary aperture broad, with slight apertu­
ral lip.

Variability. - Expressed mainly in growth rate of 2 final pairs of chambers and in ratio
of length of 2 final pairs of chambers to test length.
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Remarks. - The distinct longitudinal striae and inflated chambers bring H. ultimatumida
close to H. striata (EHRENBERG). They differ, however, in the rate of increase of the size of the
chambers which is sharp in the 3 to 4 terminal chambers of H. ultimatumida, but gradual in all
chambers of H. striata. The specimen illustrated by NORTH and CALDWELL (1975) as H. striata
and possessing 2 terminal pairs of chambers forming more than half of the total length of the
test should be referred to H. ultimatumida.

Occurrence. - USA, Mexico: Upper Campanian-Maastrichtian; Puerto Rico: Campa­
nian-Lower Maastrichtian; Canada: Upper Santonian; India: Upper Campanian-Maastrich­
tian; Iraq: Upper Campanian-Maastrichtian; Central Poland (Wesol6wka 44, Lopoczno,
Kaliszany, Wola Pawlowska, Lucimia, Dobre, Mecmierz, Kazimierz, Nasil6w, Bochotnica):
Campanian-Maastrichtian.

Heterohelix ventilabrelliformis (van der SLUlS, 1950)
(pI. 3: 2, 4, 11, 12)

1950. Guembelina ventilabrelliformis van der Suns ; van der SLUIS, 21, pI. 1: 2a-c (fide ELLIS and MESSINA, Catalogue
Foram.).

1965. Heterohelix ventilabrelliformis (van der SLUIS); TAKAYANAGI, 199-200, pl. 20: 5a~b.

1972. Pseudotextu/aria carseyae (PLUMMER); HANZLIKOVA, 94, pl, 23: 20-23.

Material. - 8 specimens.
Dimensions (in mm):

ZPAL FXXIITj32
ZPAL FXXIIJj33

L W T
0·27 0·12 0·07
0·26 0·13 0·07

Description. - Test biserial, tapering; periphery lobate; chambers rectangular in earlies
portion, globular in terminal portion, increasing regularly in size as added with exception of
penultimate chamber that may be bigger or smaller than antipenultimate one; ultimate chamber
deflected from normal biserial alignment becoming nearly central in position; sutures depressed,
almost straight; wall covered by inconspicuous fine costae; primary aperture highly arched,
sometimes on reverse side of test small supplementary aperture is placed.

Variability. - Expressed in number of chambers, in size and ornamentation of ultimate
chamber and in the presence or lack of an additional aperture at the base ofthe ultimate chamber.
Apart from forms with smaller ultimate chamber with nodules instead of striae, specimens with
very big, globular, intensively ornamented ultimate chamber often more than one third of the
test length, also occur. The longitudinal striae in the latter forms are parallel to the outer margin
of the ultimate chamber, running from the primary aperture to additional apertures.

Remarks. - The central position of the final chamber and the presence of an additional
aperture makes H. ventilabrelliformis a transitional form between Heterohelix and Planoglobulina.

The characteristic feature of the species is a deflection of the last chamber from the normal
biserial alignment to become nearly central in position. Van der SLUlS (1950) did not mention the
additional aperture, although it has been observed in some specimens (e. g. TAKAYANAGI 1965).
Specimens illustrated by CUSHMAN (1938, pI. 2: 3, 5; 1946, pI. 44: 17) as Guembelina moremani
CUSHMAN and as Guembelina globocarinata CUSHMAN and by HANZLIKOVA (1972, pI. 23: 21, 22)
as Pseudotextularia carseyae have ultimate chambers placed in the central part of the test,
sometimes with two apertures, which allows us to regard them as H. ventilabrelliformis.

Occurrence. - USA (California) : Campanian, Texas: Upper Turonian-Coniacian);
Indonesia (Ceram): Maastrichtian; Czechoslovakia (Moravia): Lower Maastrichtian; Central
Poland (Wesol6wka 44, Walowice, Kazimierz, Bochotnica): Santonian-Maastrichtian.
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Heterohelix vistulaensis sp. n.
(pl, 4: 1-9, pl . 21: 4)

Holotype : ZPAL FXXIll/42; pl , 4, fig. 2.
Type horizon: Upper Maastrichtian.
Type locbllty: Mecmierz .
Derivation ('f the name: after the Vistula river.
Diagnosis: Test biserial, consisting of 5-6 pairs of chambers. Early chambers inflated , globular. Chambers of

ultimate pair somewhat inflated, reniform, overlapping, overlap penultimate pair of chambers. Widih of terminal pair
equals often the total test length while length of terminal pair varies from 1/. to 1/. of total test length.

Material. - 30 well preserved specimens.
Dimensions (in mm):

L
ZPAL FXXIlI/42 0'11
ZPAL FXXlII/46 0·12
ZPAL FXXIIl/49 0'14

W T
0·12 0'05
0'10 0'06
0'12 0·07

Description. - Test biserial, usually consisting of 5-6 pairs of chambers; periphery in
initial portion entire, later indented; chambers slightly inflated, barrel-shaped to subglobular,
increasing regularly in size as added with the exception of chambers of the final pair which
increase sharply in size and constitute 1/2-1/3 of test length; chambers of final pair somewhat
flattened, reniform, overlapping; chambers of the penultimate pair partly or completely over­
lapped; chambers of final pair are deflected in one side thus forming a depression between final
pair and earlier part of test; final pair of chambers is nearly twice as wide as long arid often
wider than the length of the test; sutures distinctly depressed, slightly oblique in regard to
test axis; wall with discontinuous, delicate costae; primary aperture interiomarginal, a high
arch; gerontic specimens with one additional pair of chambers, globular, lying in normal surface
to the earlier part of test, and equal in size to the remainder of the test.

Variability. - Specimens included among this species may differ to some extent in test
length, in size and shape of the last pair of chambers as well as in degree of its deflection from
the axis of test .

. Remarks. - The position of the last pair of chambers not in the plane of the other part
of the test distinguishes the new species from all species of genus Heterohelix hitherto described.
H. vistulaensis sp. n. is similar to H. pulchra (BROTZEN) in having two reniform terminal
chambers but differs in (1) the development of the older part of the test, (2) the size of the ulti­
mate .pair of chambers compared with the size of the whole test, (3) the position of the last pair
of chambers not in the test axis, (4) smaller test/and (5) test ornamentation.

Occurrence. - Central Poland (Lucimia, Mecmierz, Podgorz, Dobre, Janowiec, Kazi­
mierz): Upper Maastrichtian.

Genus Chiloguembelina LOEBLICH and TAPPAN, 1956
Chiloguembelina praecursor .sp. n.

(pI. 3: 1, 3, 6, 7)

Hclotype: ZPAL FXXIII/36; pI. 3, fig. 6.
Type horizon: Upper Maastrichtian.
Type locality : Kazimierz .
Derivation of the name: from Latin praecursor, the earliest representative of the genus.
Diagnosis : Te-st biserial, consisting of 6-8 pairs of chambers, in initial portion entire , in later portion indented;

chambers subglobular, striate, primary aperture eccentric in position, bordered by two parallel lateral flan'ges.

Material. - 12 specimens.
Dimensions (in mm):

ZPAL,FXXIII/36
ZPAL FXXlIJ/37

L W T
0·33 0·18 0'10
0·21 0'14 0·08
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Description. - Test small, biserial, tapering, sometimes with curved initial part of test;
in initial portion periphery entire, in later portion indented; first chambers subrectangular,
in adult stage subglobular; sutures flush in initial portion, depressed in later portion; wall
distinctly ornamented by longitudinal discontinuous striae; primary aperture eccentric, bordered
by two parallel lateral flanges.

, Variability. - Marked in shape of test - from straight to slightly twisted, in number of
chambers, intensity of ornamentation, shape and position of ultimate chamber arid in position
of aperture.

Remarks. - LOEBLICH and TAPPAN (1956) erected the genus Chiloguembelina so as to
include some Tertiary species that were previously referred, to Guembelina. Chiloguembelina is
distinguished from Heterohelix mainly in the presence of neck-like apertural extensions; the
tendency to develop a twisted test and the asymmetrical aperture. The oldest occurrences of
this genus were previously reported from the Lowermost Paleocene in association.with Chilo­
guembelina crinita (GLAESSNER) and Chiloguembelina midwayensis (CUSHMAN). Ch. praecursor
sp. n. is the transitional species between the genera Heterohelix and Chiloguembelina. Possessing
ornamentation of Upper Cretaceous Heterohelix type it has an asymmetrically placed primary
aperture and slightly twisted test. As the presence of an asymmetrically placed aperture is one
of the diagnostic features of the genus Chiloguembelina, this species was included in that genus.
Ch. praecursor sp. n . found in the Upper Campanian and Upper Maastrichtian deposits of the
Vistula river profile, is the oldest known representative of Chiloguembelina. Ch , praecursor sp. n.
is similar ·to Ch. crinita (GLAESSNER) and Ch. midwayensis (CUSHMAN) in test size but differs in
possessing discontinuous longitudinal striae instead of a hispid surface. It differs from Ch. crinita
in having chambers increasing less sharply in size as added and in having weaker developed
lateral flanges. Ch.praecursor sp. n. differs from Ch. midwayensis in having chambers subglobu­
lar to globular in shape and possessing less strongly developed lateral flanges.

Occurrence. - Central Poland (Wesolowka 44, Jarentowskie Pole, Lucimia, Kazimierz):
Campanian-Maastrichtian.

Genus Pseudoguembelina BRONNIMANN and BRowN, 1953
Pseudoguembelina sp.

(pl, 2 : 1)

Material. - 1 specimen.
Dimensions (in mm):

ZPAL FXXITI/240
L W T

0·19 0·11 0·07

Description. - Test biserial, tapering throughout, consisting of 5 pairs of chambers;
chambers increasing moderately in size as added, globular, in ultimate pair slightly ovate;
sutures slightly limbate and slightly depressed initially, depressed finally; wall ornamented
throughout with fine longitudinal costae, becoming somewhat curved and nearly parallel to the
periphery in final part; primary aperturesemicircular, with a slightly thickened rim; sutural
supplementary apertures with nearly flat apertural flaps.

Remarks.- Pseudoguembelina sp. differs from Pseudoguembelina excolata (CUSHMAN)
in having a more slender test and more delicate striae. It differs from Pseudoguembelina palpebra

,BRONNIMANN and BROWN in being more slender, in having a moderate rate of increase of
chamber size compared with a sharp increase in Pseudoguembelina palpebra BRONNIMANN and
BROWN and in having only weakly developedsutural apertural flaps. Pseudoguembelina sp.
differs from Pseudoguembelina costulata (CUSHMAN) in being much smaller and in having
chambers of different shape.

Occurrence. - Central Poland (Dobre): Lower Maastrichtian.
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Genus Pseudotextuiaria RZEHAK, 1891
Pseudotextularia deformis (KIKOINE, 1948)

(pl, 6: 6a, b)

1948. Guembelina striata (EHRENBERO) var. deformis KIKOINE; KIKOINE, 20, pl, 1: Sa-c (fide ELLlS and MESSINA,

Catalogue Foram.).
1960. Pseudotextularia elegans (RZEHAK); OLSSON, 28, pl, 4 : 9-10.
1967. Pseudotextularia deformis (KIKOINE); PESSAONO,269, pl, 90: 16, pl, 92: 19-21, pl , 97: 16, 17, pI. 98: 15, 17-18.

part. 1969. Pseudotextularia elegans (RzEHAK); BROWN, 47-54, fig. 9a-b, 10a-b, non fig. 13a-c, non pl, 2: 4a-b, non
pl. 3: 2-3.

1970. Pseudotextularia elegans (RzEHAK) ; TODD, p , 151-152, pl , 5: 5.
1973. Pseudotextularia deformis (KIKOINE); SMITH and PESSAONO, 29-30, pl, 9: 1-4, pl, 10: I, pl. 11: 1-3.
1977. Pseudotextularia deformis (KIKOINE) ; llAMAM and HAYNES, 53-54, pI. 2: 9.

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

ZPAL FXXllI/58
L W T

0·26 0·15 0'07

Description. - Test biserial; apical portion sharply pointed, followed closely by sharp
expansion of chambers in width, later chambers increase slowly in width as added; sutures
depressed, straight to slightly curved in peripheral view, gently curved in side view; wall orna­
mented by coarse discontinuous costae; aperture wide, highly arched opening at the base of
ultimate chamber; constricted final chamber and a small, basal, supplementary chamber visible
in abapertural view.

Remarks. - Polish specimen is identical with the holotype. This species in an important
guide fossil for Upper Maastrichtian strata.

Occurrence. - Trinidad: Upper Maastrichtian; USA (Texas, Arkansas), Mexico: Middle
Maastrichtian; USA (New Jersey): Middle-Upper Maastrichtian; South Africa: Upper
Maastrichtian; Central Poland (Chotcza): uppermost Lower Maastrichtian.

Pseudotextularia cf. elegans (RzEHAK, 1891)
(pI. 6: 1, 2)

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

ZPAL FXXIII/59
L W T

0'30 0'18 0'14

Description. - Test biserial, slightly flattened in lateral view; test consisting of about
7 pairs of chambers increasing sharply in size as added; chambers in the initial portion of test
flattened to weakly inflated, greater in width than in height; ultimate and penultimate chambers
subglobular; sutures straight, flush initially, becoming curved abapically in apertural and
abapertural views; wall finely costate; costae closely spaced , discontinuous; primary aperture
terminal, low and broad slit-like arch with a thick apertural rim.

Remarks. - P. cf. elegans differs from P. elegans (RZEHAK) in being less flattened and
having a triangular test in side view compared with almost parallel walls in the latter species,
in having chambers becoming greater in thickness than in height less sharply in apertujal and
adapertural views, and in having higher primary aperture and sutures not so strongly arched
in apertural and adapertural views in the final portion of test.

Occurrence. - Central Poland (Kazimierz, Chotcza): Upper Maastrichtian.
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Pseudotextularia sp.
(pI. 6: 3, 4)

Material, - 6 specimens.
Dimensions (in mm):

45

ZPAL FXXIII/60
ZPAL FXXIIl/61

L W T
0·27 0'18 0'12
0·23 0·15 0'10

Description. - Test biserial, consisting of 6-7 pairs of chambers, increasing sharply in
, size as added; chambers slightly inflated, subrectangular in apertural view, of width twice the

height with the exception of a subglobular penultimate chamber; ultimate chamber globular,
quite strongly flattened in abapertural view; sutures straight, flush initially, depressed finally;
wall finely costate, costae closely spaced, discontinuous, generally following the contour of the
chambers; aperture large, semilunar.

Remarks. - Pseudotextularia sp. differs from Pseudotextularia elegans (RZEHAK) mainly
in having chambers slightly inflated in the initial portion, in possessing chambers more wide
than high, in having globular ultimate and penultimate chambers, in having straight, depressed
sutures in apertural and adapertural views as against curved and highly arched adapically in
P. elegans and in having highly arched primary aperture.

Occurrence. - Central Poland (Wesol6wka 42, 44, 45): Upper Maastrichtian.

Genus Racemiguembelina MONTANARO GALLITELLI, 1957
Racemiguembelina powelli SMITH and PESSAGNO, 1973

(pl, 6: 7a-c)

part. 1946. Pseudotextularia varians RzEHAK; CUSHMAN, 110, pl, 47: 4a-b, non pl. 47: 5a-b, 6, 7a-b.
part. 1946. Planoglobullna acervulinoides (EGGER); CUSHMAN, 111, pl, 47: 15a-b; non pl. 47: 12a-b, l3a-b, 14a-b.

1957. Racemiguembelino fructicosa (EaOER); MONTANARO GALLlTELLI, 142-143, pl. 32: 14a-b, 15a-b.
1964. Racemiguembelino fructicosa (EaOER); LOEBUCH and TAPPAN, C656; fig. 525: 8a-b.
1967. Racemiguembelina fructicosa (EaGER); PESSAGNO, 270, pl, 90: 14-15.
1968. Racemiguembelina fructicosa (EGGER); SLITER, 98, pI. 24 : 16.
1970. Racemiguembelina fructicosa (EGGER); TODD, 152, pl , 5: 7.
1972. Racemiguembelina fructicosa (EGGER); GOVINDAN, 171, pl , 1: 7-8, pl, 2: 8-9.
1973. Racemiguembelina powelli SMITH and PESSAGNO; SMITH and PEssAGNO, 35-37, pl , 11 : 4-6, 7-9, IG-12.
1975. Racemiguembelina fructicosa (EaGER); STAPLETON, pI. 2: lOa-c.
1977. Racemiguembelina fructicosa (EaGER); ALUULLA, pl. 2: 2.

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

L W T
ZPAL FXXIII/57 0·32 0·18 0·14

Description. - Test initially biserial, from midway becoming multiserial due to chamber
proliferation, resulting in a conical test; in lateral view multiserial portion consists of chambers
lying in two planes only; 5 initial chambers flattened, increasing gradually in size as added,
next 2 chambers increasing sharply in size; in multiserial portion chambers convex, of different
size, terminal chambers are even a little smaller than preceding ones; initial sutures very obscure,
terminal sutures strongly depressed; wall coarsely perforate, costate: pores closely spaced,
aligned in irregularly vertical columns in intercostal areas; costae massive, highly raised, widely
spaced, vertically arranged in a discontinuous pattern; each terminal chamber possessing a basal,
wide and highly arched aperture in central portion of test; ponticulus not observed in specimen
examined.

Remarks, - Polish specimen is identical with the holotype.
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Occurrence. - USA (Texas, AlabamaArkansas), Mexico: Upper Maastrichtian; India:
Upper Maastrichtian; South Africa: Upper Maastrichtian; Poland - Carpathians (Kruhel):
Maastrichtian, Central Poland (Chotcza): Lower Maastrichtian.

Genus Planoglobulina CUSHMAN, 1927
Planoglobulina acervulinoides (EGGER, 1899)

(pl, 5: 5)

1926. Pseudotextularia acervulinoides lEGGER); CUSHMAN, 17, pl. 2: 5.
part . 1946. Planoglobulinu acervulinoides (EOOER) ; CUSHMAN, 111, pl. 47: 12, 13, non pI. 47: 14, 15.

1969. Planoglobulinaacervultnoides (EG~ER); FUNNELL et al., 22, 23, fig. 4, pl. 1: 7, '8: .
1974. Planoglobulina acervulinoides (EGGER); VAPTZAROVA, 37, pI. 1: 23-25.
1975. Planoglobulina aeervulinoides (EGGER); STAPLnTON, pl, 3: 7a.
1976. Planoglobulina acervulinoides (EGGER); WRIGHT and APTHoRPE, 238, pI. 1: 2 .

Material. - 2 specimens.
Dimensions (in mm):

ZPAL FXXIII/56
L W T

0·32 0·22 0,12

Description. - Test biserial in earlier: ' portion, multi serial in later portion, consistmg
of 6 chambers in biserial portion and more than 13 in multiserial portion; test inflated in the
biserial portion and initial portion of the multiserial stage (as observed in edge view), somewhat
flattened in the terminal portion; chambers subglobular; sutures depressed; heavy, closely
spaced, longitudinal costae relatively continuous over early chambers, slightly finer and discon­
tinous over later chambers; apertures rather highly arched to rectilinear openings, outermost
two terminal chambers with apertures 'on front only, facing inward.

Remarks. - P. acervulinoides is similar to P. brazoensis MARTIN but differs in having more
chambers in the multiserial portion of the test and by possessing a less inflated test in the multi­
serial portion.

Occurrence. - USA (Texas; Arkansas), Mexico: Middle 'and Late Maastrichtian;
Australia: Late Maastrichtian; South Africa: Middle and Late Maastrichtian; Spain: Late
Maastrichtian; Bulgaria: Middle and Late Maastrichtian ; Central Poland (Chotcza): uppermost
Lower Maastrichtian.

Planoglobulina brazoensis MARTIN, 1972
(pl. 5: 4a, b)

1962. Pseudotextularia (Racemiguembelina} fructicosa (EGGER); BERGGREN, 22, pI. 6: 6a, b.
1967. Planoglobulina acervulinoides (EGGER) ; PESSAGNO, 271, pI. 87: 14.
1972. Planoglobulina brazoensis MARTIN; MARTIN, 82-83, pI. 3: Te-e, pI. 4: 1-2.
1973. Planoglobulina brazoensis MARTIN; SMITH and PESSAGNO, 20-21, pI. 4: 5-7, 8-10, pl, 5: 1-2.

Material. - 4 broken specimens.
Dimensions (in mm):

ZPAL FXXIJI/55
L W T

0·33 0'24 0·16

Description. - Test initially biserial, later multi serial ; chambers in biserial portion
flattened, increasing slowly in size as added; chambers in multi serial portion greatly inflated,
somewhat offsetting laterally from biserial arrangements; sutures depressed, indistinct, in biserial
portion depressed zigzag sutures between pairs 'of chambers.

Remarks. - P. brazoensis is somewhat similar to P. carseyae (PLUMMER). It differs, how­
ever, in (1) its multiserial portion.' which comprises more than a half of the total height, of the
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test, (2) terminal portion of the multiserial stage which consists of 5 to 7 chambers against
3 in P. carseyae and (3) its ornamentation which consists of thick, quite rare, discontinuous
longitudinal striae against delicate, bushy, discontinuous longitudinal striae in P. carseyae.
P. brazoensis differs from P. acervulinoides (EGGER) in having less chambers in its multiserial
stage and more chambers in its biserial stage and in having a triangular test against an almost
ovate one in P. acervulinoides.

Occurrence. - USA (Texas), Mexico: Middle Maastrichtian; Denmark: .Middle Maas­
trichtian; Central Poland (Chotcza): Lower Maastrichtian.

Planoglobulina carseyae (PLUMMER 1931)
(pl, 5: 1,2,3; pl, 6 : 5)

1931. Ventilabrella carseya PLUMMER ; PWMMER, 178, pI. 9: 7-9 ,
1957. Planoglobulina carseyae (PLUMMER) ; MONTANARO GALLITELLI, pl. 32: n.
1960. Planoglobulina carseyae (PWMMER); OLSSON, 29, pI. 4: 13.
1967. Planoglobulina carseyae (PLUMt-IER);. PESSAGNO, 27t ; pl, 87: 10, 15, 16.
1970. Planoglobulina carseyae (PLUMMER) ; TODD, 152, pl . 5: 6.
1972. Planoglobulina carseyae (PWMMER) ; GOVINDAN, 171-172, pI. 1: 17.
1972. Planoglobulina ( ?) carseyae (PWMMER); MARTIN, 83-84, pI. 4: 4-7.
1973. Planoglobulina carseyae (PLUMMER); SMITH andPEssAGNO, 21-22, pI. 5: 3-4, .5-7,8-10, 11-12.

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

ZPAL FXXIlI/52
ZPAL FXXIII!53

L W T
0·27 0'22 0·10
0·23 0'19 0'16

Description. - Test flattened, biserial in earliest portion, multiserial later; youngest
portion consisting usually of 3 chambers; initial chambers flattened, increasing slowly in size
as added, becoming rapidly globular to spherical and increasing only slightly in size as added in
terminal portion; sutures initially weakly marked, terminally strongly depressed; wall coarsely
costate; costae closely spaced, discontinuous, generally following the contour of chambers;
aperture interiomarginal, wide; 2 exterior final chambers possessing a single basal aperture
directed towards the median line of test.

Remarks. - Polish specimens are identical with the holotype described from the Middle
Maastrichtian of Texas.

Occurrence. - USA (Texas, Arkansas, Mississippi, Alabama), Mexico: Middle-Upper
Maastrichtian; India: Upper Maastrichtian ; South Africa: .Maastrichtian ; Central Poland
(Wesolowka 39, Ciszyca Kolonia, Wola Pawlowska, Chotcza, Lucimia, Dobre, Kazimierz):
Coniacian-Upper Maastrichtian.

Family Planomalinidae BOLLI, LOEBLICH and TAPPAN, 1957
Genus Globigerinelloides CUSHMAN and TEN DAM, 1948

Globigerinelloides bentonensis (MORROW, 1934)
(pI. 7: 5a-b, 6, 9)

1934. Anomalina bentonensis MORROW ; MORROW, 201, -pI. 30: 4a-b.
196i. Globigerinelloides bentonensis (MORROW) ; LOEBLICH and TAPPAN, 267, pl. 2: 8-10.
1967. Globigerinelloides bentonensis (MORROW) ; PESSAGNO, 275, pI. 76: 10--11.
1970. Globigerinelloides bentonensis (MORROW); EICHER and WORSTELL, 297, pI. 8 : 17a-b, 19a-b, pI. '9 : 3a-b.
1972. Globigerinelloides bentonensis .(MORROW) ; MICHAEL, 208, pl, 1: 4-6.
1975. Globigerinelloides bentonensis (MORROW); HELLER, pI. 1: 16.
1975. Globigerinelloides bentonensis (MORROW); NORTH and CALDWELL, pl. 4 : 13a--c.
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Material. - 27 specimens.
Dimensions (in mm):

ZPAL FXXlII/67
ZPAL FXXlII/68

L W T
0·26 0·24 0·12
0·28 0'25 0·13

Description. - Test planispiral, biumbilical; peripheral outline circular; chambers
nearly spherical in apertural view; final whorl consisting of 7-8 chambers increasing moderately
in size as added; sutures depressed, oblique to radial; wall coarsely papillose; ultimate chamber
almost smooth; umbilicus shallow, wide; aperture equatorial, interiomarginal, a low semicircular
arch, bordered by a thin lip; the lateral portion of the previous apertures and lips remaining
uncovered by later chambers so that relict supplementary apertures are preserved around the
umbilical region.

Remarks. - The specimens described are the same as the holotype.
Occurrence. - USA: Cenomanian; Canada: Coniacian-Santonian; Poland - Lodz

region: Upper Cenomanian-Turonian, Central Poland (Slupia Nadbrzezna, Wesolowka 31, 33,
34, 43): Upper Turonian-Santonian.

Globigerinelloides easeyi (BOLLI, LoEBLICH and TAPPAN, 1957)
(pl. 7: 3, 4)

1957. Planomalina caseyi BOLLI, LOEBLICH and TAPPAN; BOLLI, LoEBLICH and TAPPAN, 24. pl , 1: 4-5 .
1961. Globigerinel/o ides eaglefordensis (MOREMAN); LOEBLICH and TAPPAN, 268, pI. 2: 3a-7b.
1964. Globigerinel/oides eaglefordensis (MOREMAN); LOEBLICH and TAPPAN, C657-658, fig. 526: 7a, b.
1967. Globigerinel/oides caseyi (BOLLI, LoEBLICH and TAPPAN); PESSAGNO, 276, pl, 49: 2-5 .
1969. Globigerinelloides casey i (BoLLI, LOEBLICH and TAPPAN); DOUGLAs, 161, pl , 5: 9.
1970. Globigerinel/oides caseyi (BOLLI, LOEBLICH and TAPPAN); EICHER and WORSTELL, 297, 298, pl. 8: 11, 15a-

b, 16.
1971. Globigerinel/oides caseyi (BOLLI, LOEBLICH and TAPPAN); EL-NAGGAR, pI. 3: 1-0.
1971. Globigerinel/oides caseyi (BOLLI, LOEBLICH and TAPPAN); BELFORD and SCHEmNERovA, pl. 3: 17-19.
1974. Globigerinelloides caseyi(BoLLI, LOEBLICH and TAPPAN); HERB, 751, pl. 2: 9.

Material. - 17 well preserved specimens.
Dimensions (in mm):

ZPAL FXXIll/64
ZPAL FXXlll/65

L W T
0·23 0·18 0'10
0'24 0'18 0'11

Description. - Test planispiral; peripheral outline ovate, lobulate; chambers spherica
to ovate in apertural view, trapezoid in lateral view; final whorl consisting of 7-9 chambers
increasing regularly in size as added; sutures distinctly depressed, slightly curved; wall finely
papillose, nearly smooth; umbilicus shallow, wide; aperture equatorial, interiomarginal, a low
semicircular arch, bordered by thin lip; the lateral portions of the previous apertures and lips
remaining uncovered by later chambers, so that relict supplementary apertures are preserved
around the umbilical region.

Remarks. - The specimens described correspond with the holotype of G. easeyi, differing
only in possessing a slightly ornamented wall. They differ from G. bentonensis (MORROW) in
being somewhat smaller, in having an ovate outline, in being less ornamented and in possessing
more chambers in the final whorl.

Occurrence. - USA - Gulf Coast Plain: Cenomanian, California: Lower Turonian­
Coniacian; Australia: Lower Turonian; southern Indian Ocean: Albian-Cenomanian; England:
Albian; Central Poland (Jakubowice): Cenomanian.
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Globigerinelloides multispinus (LALICKER, 1948)
(pl , 8: 5-11)
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1948. Biglobigerinella multispina LALlCKER; LALlCKER, pl. 92: 1-3, (fide ELLlS and MESSINA, Catalogue Foram.).
1956. Globigerinella biforaminata (HOFKER); BUKOWY and GEROCH, 317, 318, pl. 28: 3.
1957. Biglobigerinella multispina LALlCKER; LOEBLlCH et al., 24, pl . I : 11-12b.
1962. Planomalina multispina (LALlCKER) ; BARR, 563-564, pl. 69: 5a, b.

part . 1962. Planomalina (Globigerinelloides) messinae (BRONNIMANN); BERGGREN, 44-46, pl. 8: 4a--<:, 6a--<:, Sa-c, non
pl . 8: 7a--<:, fig. 6: 2a, b, 5a-b, non fig. 6: Ia-b, 3a-e, 4a, b, 6a--<:, fig. 7: 6a-b, Te-e; 8a, b, non fig. 7:
Ia-b, 2a-b, 3a-b, 4a-b, 5a-b.

1962. Globigerinella voluta pinguis HERM; HERM, 52, pl . I : 2.
1962. Biglobigerinella multispina LALlCKER; HERM, 53, pI. 3: 8.
1964. Globigerinelloides messinae (BRONNIMANN); OLSSON, 174-176, pI. 7: 6a-b, 7a-b, 8a-b.
1964. Biglobigerinella multispina LALlCKER ; LOEBLlCH and TAPPAN, C656, fig. 526: Sa-b.
1967. Globigerinelloides multispina (LALlCKER); PESSAGNO, 276-277, pl. 70: 1-2, pl. 82: 10-11, pl. 91: 1-2.
1968. Globigerinelloides messinae (BRONNIMANN); SLlTER, 99 pl . 15: 3, 5.
1969. Globigerinelloides multispina (LALlCKER) ; DOUGLAs, 161, 162, pl, 9: 6.
1970. Globigerina (Biglobigerinella) biforminata HOFKER ; TODD, 152, pl. 5: 10.
1970. Globigerinelloides messinae (BRONNIMANN); NORTH and CALDWELL, 49, 50, pI. 4:4a--<:.
1972 Globigerinelloides multispina (LALlCKER); HANZLlKOVA, 99, pl. 25: 2-4.
1972. Globigerinelloides messinae (BRONNIMANN); GOVINDAN, 172, pl . 2: 20-23.
1973. Globigerinelloides multispina (LALlCKER); SMITH and PESSAGNO, 38-39, pl . 13: 1-2,3-6,7,8-9, IO-I!.
1974. Globigerinelloides messinae (BRONNIMANN); VAPTZAROVA, 38, pl , 2: I, 2.
1975. Globigerinelloides messinae (BRONNIMANN); STAPLETON, pl. 2: 4a--<:.
1975. Globigerinelloides messinae (BRONNIMANN); NORTH and CALDWELL, pl. 4: 12a--<:.
1977. Globigerinelloides tnultispina (LALlCKER); RODRIGUEZ, 90, pI. I : 6.

Material. - 40 specimens.
Dimensions (in mm):

ZPAL FXXIII/76
ZPAL FXXIII/79
ZPAL FXXIII/82

L W T
0·18 0·16 0·10
0·17 0·13 0'09
0'18 0'16 0·11

Description. - Test planispiral, slightly involute; axial periphery rounded, equatorial
periphery lobate; final whorl consisting of 5 or 6 chambers successively increasing slightly in
size as added; chambers in lateral view subcircular to ovate, strongly inflated; early chambers
in apertural view spherical, increasing rapidly in width as added; ultimate or ultimate and penul­
timaze chambers elongated in axial cross section; ultimate chamber slightly flattened and broadly
ovate, sometimes partially or completely divided into paired chambers; sutures radial, straight,
strongly depressed; wall coarsely papillose, more strongly ornamented on-early chambers of
final whorl, ultimate chamber frequently almost smooth; umbilicus wide, deep; aperture bipar­
tite, interiomarginal, a wide and highly arched opening at each side of the ultimate chamber;
each aperture bordered by a thickened well developed lip and apertural flap.

Variability. - Great in position of aperture and in shape of the ultimate chamber. Aper­
tutes of numerous uniserial biapertural forms are often umbilical in position. Uniserial indivi­
duals where apertures become more strongly equatorial, almost merging at the crest of the
initial whorl of the final whorl, also occur. Biserial (in the youngest portion), biapertural forms,
usually with the ultimate chamber divided into paired chambers are quite common. Specimens
with a greater number of paired chambers in the final whorl, and with a 'single biapertural
ultimate chamber, were also recorded.

Remarks. - Globigerinelloides multispinus (LALICKER) is known from deposits not older
than Upper Campanian in age. It is one of the most cosmopolitan species amongst the planktic
foraminifera and was described under different names from different climatic zones of both
hemispheres. I agree with PESSAGNO (1967) and SMITH and PESSAGNO (1973) that the species is
characterized by great individual variability and I accept their view that Globigerinella biforami-
4 - Palaeontologia Polonica No. 41
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nata HOFKER is a junior synonym of Globigerinelloides multispinus (LALICKER) and represents
an immature form of this species.

Occurrence. - Europe (France, England, Denmark, Germany, Moravia, Western
Carpathians, Bulgaria, Spain, Central Poland): Upper Campanian-Maastrichtian; USA (New
Jersey, California, Texas, Arkansas): Upper Campanian-Lower Maastrichtian; Mexico:
Upper Campanian-Lower Maastrichtian; Canada: Upper Campanian-Maastrichtian; South
Africa: Middle-Upper Maastrichtian; India: Upper Maastrichtian; Poland - Carpathians
(Kruhel): Maastrichtian, Central Poland (Sulej6w, J6zef6w, Wola Pawlowska, Solec, Jarentow­
skie Pole, Chotcza, Lucimia): Upper Campanian-Upper Maastrichtian.

Globigerinelloides prairiehillensis PESSAGNO, 1967
(pl. 7: 8, 14; pl. 8 : 1--4)

1967. Globigerinelloides prairiehillensis PESSAGNO; PESSAGNO, 267, pl, 83: 1, pI. 90: 1-2, 4, pl. 97: 3--4.
1973. Globigerinelloides prairiehillensis PESSAGNO ; SMITH and PESSAGNO, 39, pI. 14: 1-2, 3--4.

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

ZPAL FXXIIl/72
L W T

0'16 0·13 0·07

Description. - Test planispiral; chambers spherical, increasing fastly in size as added;
final whorl consisting of 6-7 chambers; sutures radial, straight, distinct; wall papillose; umbilicus
deep, relatively large primary aperture equatorial, a lowly arched opening at the base of the
ultimate chamber; relict apertures and relict apertural flaps well developed.

Remarks. - G. prairiehillensis differs from cooccurring G. volutus (WHITE) in having
a deeper, narrower umbilicus and in possessing chamber that increase sharply in size as added.
Polish specimens differ from the holotype in possessing a higher primary aperture and according
to SMITH and PESSAGNO (1973) they are referred to G. prairiehillensis s. l.

Occurrence. - USA: Upper Santonian-Lower Maastrichtian; Central Poland (Sulej6w,
Walowice, Lopoczno, Jarentowskie Pole, Chotcza, Lucimia, Kazimierz, Bochotnica): Upper
Campanian-Maastrichtian.

Globigerinelloides volutus (WHITE, 1929)
(pl, 7 : 1, 2)

1929. Globigerina voluta WHITE; WHITE, 197, 198, pI. 28: Sa-b.
non 1962. Globigerinella voluta voluta (WHITE); HERM, 51, pl . 3: 7.

1967. Globigerinelloides volutus (WHITE); P ESSAGNO, 278-279, pI. 62: 9, 10--11, pI. 100: 9.
1973. Globigerinelloides volutus (WHITE); SMITH and PESSAGNO, 41, 42, pl, 16: 1-2, 3--4.

Material. - 37 specimens.
Dimensions (in mm):

L W T
ZPAL FXXlIl/62 0·22 0·14 0·08
ZPAL FXXlII/63 0·21 0·16 0·09

Description. - Test planispiral, flattened; final whorl consisting of 5-6 chambers increas­
ing gradually in size as added; ultimate chamber commonly smaller than penultimate one,
in lateral view slightly ovoid to sectorial, in apertural view spherical to elliptical; chambers
bulging, closely arranged in whorl, of wedge-shape in equatorial plane; sutures depressed,
straight, radial; wall ornamented by small papillae; umbilicus shallow, broad; aperture-equa­
torial, symmetrical, highly arched, with thin lip ; sometimes lateral continuations of lips of
previous apertures marked in umbilical plane as relict additional apertures.
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Variability. - Expressed mainly in general outline of test (ranging from ovate to almost
round).

Remarks. - PESSAGNO (1967: 278) stated that the holotype of G. volutus was lost. He­
studied samples from the type locality and found-there only two species of Globigerinelloides,
namely G. messinae (BRONNlMANN) and G. subcarinatus (BRONNlMANN). PESSAGNO suggested that
although WHITE'S figures are not accurate, the only individuals in the type material similar to
WHITE'S drawings were specimens of G. messinae. He admitted, in fact, that G. messinae is
a junior synonym of G. volutus. Polish specimens are very similar to those described and illustrat­
ed by PESSAGNO (1967) and SMITH and PESSAGNO (1973).

Occurrence. - USA, Mexico: Upper Campanian-Maastrichtian; Central Poland (Sule­
jaw, Lopoczno, Jarentowskie Pole, Chotcza, Lucimia, Kazimierz, Bochotnica): Upper Cam­
panian-Maastrichtian.

Globigerinelloides yaucoensis (PESSAGNO, 1960)
(pI. 7: 7) _

1960. Planomalina yaucoensis PESSAGNO; PESSAGNO, 98, pl. 2 : 14-15, pI. 5: "4.
1967. Globigerinelloides yaucoensis (PESSAGNO); PESSAGNO, 279, pl , 75: 9-10, pI. 97: 5-6.

Material. - 16 well preserved specimens.
Dimensions (in mm):

ZPAL rxxm/es
L W T

0·19 0·16 0·07

Description. - Test planispiral, slightly flattened, consisting of 7-8 chambers increasing
very slowly in size as added; sutures markedly depressed: slightly curved; chambers sectorial in
lateral view, globular to ellipsoidal in apertural view; wall finely papillate; umbilicus wide,
shallow; aperture equatorial, broad, moderately arched, bordered by a thin lip, with lateral
lip-like projections extending into the umbilicus.

Remarks. - Polish specimens are almost identical with the holotype.
Occurrence. - USA (Texas, Arkansas), Mexico: Upper Campanian-Lower Maastrich­

tian; Puerto Rico: Campanian; Central Poland (BIiskowice, Walowice, Lucimia, Kazimierz,
Bochotnica): Upper Maastrichtian.

Superfamily Hedbergelloidea LoNGORIA and GAMPER, 1975
Family Hedbergellidae LONGORIA and GAMPER, 1975

Subfamily Hedbergellinae LOEBLICH and TAPPAN, 1961
Genus Hedbergella BRONNIMANN and BROWN, 1958

Hedbergella angolae CARON, 1978
(pI. 10: 2a-d)

1978. Hedbergella angolae CARON; CARON, 658-659 , pl , 10: 5-7; text-fig. 6a-c.

Material. - 30 specimens.
Dimensions (in mm):

ZPAL FXXIII/95
L W l'

0·21 0·16 0·10

Description. - Test low trochospiral, consisting of 2-3 whorls; equatorial periphery
strongly lobate; chambers spherical; final whorl consisting of 5-6 chambers increasing rapidly
in size as added; sutures radial, depressed; wall covered by pustuIae; umbilicus wide, shallow;
primary aperture extraumbilical, with .a small imperforate flap.
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Remarks. - The Polish specimens differ from the holotype only in being a little more
spherical.

Occurrence. - SE Atlantic: Albian-Cenomanian; Central Poland (Jakubowice, Karsy,
Kolonia Slupia Nadbrzezna, Wesolowka 31, 32, 33, 34, 38, 39): Cenomanian-Coniacian.

Hedbergella bornholmensis DOUGLAS and RANKIN, 1969
(pl, 9: 8, 9, 10)

1969. Hedbergella bornholmensis DOUGLAS and RANKIN; DOUGLAS and RANKIN, 193, fig. 6.
1972. Hedbergella bornholmensis DOUGLAS and RANKIN ; HANZLIKOVA, 100, pl . 25: 5-7.
1973. Hedbergella bornholmensis DOUGLAS and RANKIN; NORLING, 109-110, pI. 5: 1a-c.

Material.~ 19 specimens.
Dimensions (in mm):

ZPAL FXXIII/90
ZPAL FXXIlI/92

L W T
0·25 0·18 0·13
0'23 0'17 0·12

Description. - Test low trochospiral; equatorial periphery lobate, axial periphery
rounded; final whorl consisting of 3 1/2 to 4 chambers increasing sharply in size; ultimate cham­
ber much bigger than penultimate, placed in opposition to each other, giving the test a trilobate
shape; sutures distinct, radial to slightly curved, depressed; wall ornamented by small pustules;
umbilicus narrow, deep; primary aperture extraumbilical-umbilical, with a narrow bordering
lip.

Remarks. - H. bornholmensis is somewhat similar to Whiteinella ballica DOUGLAS and
RANKIN but differs in having the extraumbilical-umbilical primary aperture, trilobate test and
a sharper rate of chamber expansion in the final whorl. .

Occurrence. - Denmark (Bornholm): Coniacian-Lower Santonian; South Sweden:
Coniacian-Lower Santonian; Czechoslovakia (Moravia): Coniacian-Lower Santonian; Central
Poland (Wesolowka 31, 34, 37, 40, 42, Dorotka, Ciszyca Kolonia): Turonian-Campanian.

i Hedbergella brittonensis LOEBLICH and TAPPAN, 1961
(pI. 9: 5, 6, 7, pl . 10: 4)

1961. Hedbergella brittonensis LOEBLICH and TAPPAN; LOEBLICH and TAPPAN, 274-275, pl. 4: 1-8 .
1967. Hedbergella brittonensis LOEBLICH and TAPPAN ; PESSAGNO, 282, pl, 52: 9-12.
1969. Hedbergella brittonensis LoEBLICH and TAPPAN; NEAGU, 139, pI. 13: 7-13, pI. 14: 1-6, 16-18, pl. 15: 1-2 .
1972. Hedbergella brittonensis LOEBLICH and TAPPAN; BARR, 13, pI. 1: 9.
1975. Hedbergella brittonensis LOEBLICH and TAPPAN; HELLER, 239, pl , 1: 19.
1975. Hedbergella postdownensis (WILLIAMS-MITCHELL) ; NORTH and CALDWELL, pl, 5: 2a-c, 3a, b.
1975. Hedbergella brittonensis LOEBLICH and TAPPAN; LUTERBACHER, pl, 2: 1.

Material. - 34 specimens.
Dimensions (in mm):

ZPAL FXXlII/88
ZPAL FXXIII/93

L W T
0·35 0·33 0·24
0'41 0·38 0·26

Description. - Test trochospiral of not very high spiral, consisting of 2 to 2 1/2 whorls;
chambers much inflated, nearly spherical; final whorl consisting of 5-6 chambers increasing
regularly in size as added; sutures distinct, depressed, radial to slightly curved; wall distinctly
pustulose; aperture extraumbilical, bordered by distinct flaps.

Remarks. - H. brittonensis differs from H. delrioensis (CARSEY) in being larger, higher
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spired and less hispid. It differs from H. portsdownensis (WILLIAMS-MITCHELL) in having a less
elevated spire.

Occurrence. - USA (Texas), Mexico: Coniacian; Libya: Upper Cenomanian-Lower
Turonian; Canada: Cenomanian; Eastern Carpathians: Cenomanian; Poland - Lodz region:
Upper Albian-Turonian, Central Poland (Jakubowice, Karsy, Opoczka, Slupia Nadbrzezna,
Kol. Slupia Nadb., Wesolowka 31-40): Turonian-Santonian.

Hedbergella cf. caspia (VASSILENKO, 1961)
(pI. 10 : 3a-c)

Material. - 30 specimens.
Dimensions (in mm):

ZPAL FXXJII/%
L W T

0·22 0·18 0·12

Description. - Test trochospiral, nearly flat on spiral and umbilical sides; inner whorls
slightly depressed; equatorial periphery lobate; test consisting of 2-2 1/ 2 whorls; chambers
spherical; final whorl consisting of 5-6 chambers increasing rapidly in size as added, ultimate
chamber being 3-4 times greater than first one of the final whorl; spiral sutures curved, depressed;
umbilical sutures radial, depressed; wall covered with coarse pustulae; umbilicus small, deep;
primary aperture extraumbilical with small imperforate flaps.

Remarks. - This form differs from the holotype of H . caspia CVASSILENKO) first of all in
having a lower spiral side. H. caspia is slightly spiroconvex while in the form described the
internal whorls are slightly concave. H . cf. caspia differs from the commonly eooccurring
H. angolae CARON in having a slightly concave spiral side, a less incised periphery, a narrower
and deeper umbilicus, and in possessing a more intensive wall ornamentation.

Occurrence. - Central Poland (Jakubowice, Karsy, Opoczka, Kolonia Slupia Nad­
brzezna, Wesolowka 31): Cenomanian-Coniacian.

Hedbergella crassa (BOLLI, 1959)
(pl, 9 : 2, 3, 4)

1959. Praeglobotruncana crassa BOLLI ; BOLLI, 265, pl. 21: Ia-2.
1962. Praeglobotruncana crassa BOLLI; PESSAGNO, 358, pl , 6: 5-6.
1965. Hedbergella crassa (BOLLI); TAKAYANAGI, 203-204, pI. 21 : 2a--c.
1969. Hedbergella crassa (BOLLI) ; DOUGLAS, 165-166, pI. 5: 2.
1974. Hedbergella crassa (BOLLI) ; HERB, 752, pl . 4: 12, 13.

Material. - 18 well preserved specimens.
Dimensions (in mm):

ZPAL FXXIII/84
ZPAL FXXIII/86

L W T
0·17 0·13 0·07
0·16 O·14 0·06

Description. - Test very low trochospiral; spiral side planiform, umbilical side consider­
ably convex; chambers subglobular, flattened on spiral side; final whorl consisting of 4-5
chambers; sutures distinctly marked, radial to slightly curved on spiral side, radial on umbilical
side; wall almost smooth ; primary aperture interiomarginal, extraumbilical-umbilical, with
narrow imperforate flaps.

Remarks. - H. crassa differs from the majority of species of Hedbergella in possessing an
umbilicoconvex test; only H . planispira (TAPPAN) is umbilicoconvex whereas the others are
usually biconvex. H. crassa differs from H . planispira in having a slightly larger test and a signi­
ficantly smaller number of chambers in the final whorl.
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Occurrence. - Trinidad: Turonian-Lower Santonian; Puerto Rico: Upper Santonian;
USA (California): Lower Turonian-Upper Campanian ; Central Poland (Chotcza, Jarentowskie
Pole): Lower Maastrichtian.

Hedbergella delrioensis (CARSEY, 1926)

(pl, 10: 1a-c)

1926. Globigerina cretacea d'ORBIGNY var. delrioensis CARSEY; CARSEY, 43 (fide ELLIS and MESSINA, Catalogue
Foram.).

1967. Hedbergella delrioensis (CARSEY); PESSAGNO, 282- 283, pl, 48: I, 2, 3-5 .
1966. Hedbergella delrioensis (CARSEY); Burr, 173, 174, pl. 2 : 1-8.
1970. Hedbergella delrioensis (CARSEY); EICHER and WORSTELL, 302, pl. 9: 10, 11a-b.
1971. Hedberge//a delrioensis (CARSEY); EL-NAGGAR, pl. 6 : a-c.
1972. Hedbergella delrioensis (CARSEY) ; BARR, 13, pl. 2: 1a-<:.
1973. Hedbergella delrioensis (CARSEY); DAILEY, 82, pl, 17: a-<:.
1974. Hedbergella delrioensis (CARSEY); HERB, 752, pl, 3: 15-18 .
1974. Hedbergella delrioensis (CARSEY); LoNGORIA, pl, 10: 1-3 .
1975. Hedbergella delrioensis (CARSEY); NORTH and CALDWELL, pl, 4: 16a-<:, 18a-<:.
1975. Hedbergella delrioen.is (CARSEY); LUTERBACHER, pl, 1: 8.
1975. Hedbergella delrioensis (CARSEY); HELLER, pl. 2: 12.
1976. Hedbergella delrioensis (CARSEY); MASTERS, 328, pl. 2 : 1-3 .

Material. - 30 specimens.
Dimensions (in mm):

ZPAL FXXIIT/94
L W T

0·20 0·18 0'10

Description. - Test low trochospiral, almost planispiral ; equatorial periphery lobate,
axial periphery rounded; chambers subglobular, flattened on spiral side, convex on umbilical
side; final whorl consisting of 5 chambers increasing slowly in size, as added; sutures distinctly
depressed, curved on spiral side, radial to slightly curved on umbilical side ; wall pustulose,
especially on earlier chambers of the final whorl; umbilicus small, deep; primary aperture
interiomarginal, extraumbilical-umbilical, with a relatively 'large apertural flap.

Remarks. - The holotype of Globigerina cretacea var. delrioensis CARSEY 1926 was lost.
Recently two authors selected a neotype for this taxon: LONGORIA (1974) and MASTERS (1976),
with the priority of LoNGORIA (1974) being accepted by MASTERS (1977). Polish specimens
correspond well with the neotype, differing only in being less pustulose and slightly smaller.

Occurrence. - USA - California: Early Cretaceous, Gulf Coast: Albian-Lower Cam­
panian; Canada: Cenomanian-Santonian; Indian Ocean: Upper Albian; Libya: Upper Albian­
Cenomanian; France : Turonian; Switzerland: Albian; Poland-L6di region: Turonian,
Central Poland (Jakubowice, Karsy, Opoczka, Slupia Nadbrzezna, Wesol6wka 32, 33, 34,
40, 42, Swieciechow, Ciszyca Kolonia): Cenomanian-Campanian.

Hedbergella planispira (TAPPAN, 1940)
(pl , 10: 5, 6)

1940. Globigerina planispira TAPPAN; TAPPAN, 12, pl, 19: 12.
1967. Hedbergellaplanispira (TAPPAr.); PESSAGNO, 283,284, pl, 52: I, pl. 53: 1,2,3,4 (here additional synonymy

included).
1968. Hedbergella planispira (TAPPAN); BARR, 314, pI. 37: 4, 5.
1969. Hedberge//a planispira (TAPPAN) ; DOUGLAS, 168, pI. 5: 1.
1969. Hedberge//a planispira (TAPPAN); PORTHAULT, 530, pI. 1: 4 a-<:.
1970. Hedbergella planispira (TAPPAN); EICHER and WORSTELL, 302, 303, pl. 9: 12, 13a-<:.
1971. Hedbergella planispira (TAPPAN); EL-NAGGAR, pI. 6: d-t.
1972. Hedberge//a planispira (TAPPAN); GOVINDAN, 172-173 , pI. 2: 17-19 .
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1972. Hedbergella planispira (fAPPAN) ; BARR, 14, pl, 1: 6a--e.
non 1972. Hedbergella planispira (TAPPAN); HANZLlKOVA, 101, pl. 26 : 1, 2, pI. 25:15.

1973. Hedbergella planispira (TAPPAN); DAILEY, 82, 83, pl, 17: 4a-c.
1974. Hedbergella plan ispira (TAPPAN); HERB, 752, pl, 1: 1-5, pI. 2: 5-8, pI. 3: 1-8, pI. 4: 10, IJ.

non 1975. Hedbergella planispira (TAPPAN) ; NORTH and CALDWELL, pl, 5: l a-c,

Material. - 40 specimens.
Dimensions (in mm):
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0'10 0·05ZPAL FXXIII/97
L

0'11

W T

Description. - Test very low trochospiral, nearly planispiral; equatorial periphery lobula­
ted, axial periphery rounded; chambers subglobular, increasing slightly in size as added, flat­
tened on spiral side; final whorl consisting of 7-8 chambers; spiral sutures slightly depressed,
slightly curved; umbilical sutures radial; wall almost smooth; primary aperture interiomarginal,
extraumbilical, with a narrow, bordering flap.

Remarks. - This species is distinctly different from other species of Hedbergella. H. crassa
(BOLLI) possesses a smooth planoconvex test but is larger and possesses less chambers in the
final whorl (5-6 against 7-8 in H. planispiray.

Occurrence. - Trinidad: Albian-Cenomanian; Cuba: Cenomanian; Mexico, Texas:
Cenomanian-Coniacian; California: Turonian-Campanian; India: Campanian-Maastrichtian;
USSR: Albian-Cenomanian; Central Poland (Jakubowice, Wesol6wka 31, 33, 34, 38, 40, 42,
Swieciechow, Bliskowice, Walowice, Dorotka, Ciszyca G6rna, J6zef6w, Lopoczno, Kaliszany,
Piotrawin, Kazimierz, Bochotnica): Cenomanian-Maastrichtian, NW Poland and L6dz region:
Albian-Cenomanian.

Hedbergella portsdownensis (WILLIAMS-MITCHELL, 1948)
(pI. 9: la-c)

1948. Globigerina portsdownensis WILLlAMS-MrrcHELL; WILLlAMS-MrrcHELL, 96, pl. 8: 4.
1961. Hedbergella portsdownensis(WILLlAMs-MrrcHELL); LOEBLlCH and TAPPAN, 277, pl, 5: 3.
1969. Hedbergella portsdownensis (WILLlAMs-MrrCHELL); DOUGLAS and RANKIN, 194-196, fig. 7.
1969. Hedbergella portsdownensis (WILLlAMS-MITCHELL); PORTHAULT, 530, pI. 1: 5a--e.
1970. Hedbergella portsdownensis (WILLlAMS-MrrcHELL); EICHER and WORSTELL, p. 304, pl, 10: l a-c, 2a-b.
1973. Hedbergella portsdownensis (WILLlAMS-MITCHELL) ; DAILEY, 83, pl, 17: 5a--e.

non 1975. Hedbergella portsdcwnensis (WILLIAMs-MrrCHELL); NORTH and CALDwELL, pl. 5: 2a--e, 3a. b.

Material. - 8 specimens.
Dimensions (in mm):

ZPAL FXXIII/83
L

0·28
W T

0·23 0·20

Description. - Test highly trochospiral, consisting of 2 1/2to 3 whorls; equatorial peri­
phery lobate, axial periphery rounded; final whorl consisting of 5-6 sublobular chambers succes­
sively regularly larger; sutures depressed, radial to slightly curved; umbilicus small, deep;
wall pustulose; primary aperture extraumbilical, bordered by narrow flaps.

Remarks. - H. portsdownensis is very similar to H. brittonensis LoEBLICH and TAPPAN
but differs mainly in having a much more elevated spire.

Occurrence. - USA (Great Plains): Upper Cenomanian-Middle Turonian; California:
Early Cretaceous; France: Cenomanian; England: Cenomanian; Denmark (Bornholm):
Middle Cenomanian; Central Poland (Slupia Nadbrzezna, Wesol6wka 31, 40, 42): Turonian.
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Hedbergella simplicissima (MAGNE and SIGAL, 1953)
(p. 10: 7, 8)

1953. Hastigerinella simplicissima MAGNE and SIGAL; MAGNE and SIGAL, 487, pl, 14: 11a-c (fide ELLIS and MESSINA,
Catalogue Foram.).

1959. Globigerina eretacea d'ORBIGNY; BOLLI, 270, pl. 22 : 8, 9.
1961. Hedbergella amabilis LOEBLICH and TAPPAN ; LOEBLICH and TAPPAN, 274, pl. 3: l a-c -10a-c.

part. 1961. Clavihedbergella simplex (MORROW); LOEllLICH and TAPPAN, pl, 3: l l a-c, non pl . 3 : l Za-c -14a-c.
1963. Hedbergella amabilis LOEBLICH and TAPPAN ; RENZ, LlITERBACHER and SCHNEIDER, 1084, pl. 9 : 4a-c, 6a-c.
1966. Clavihedbergella simplicissima (MAGNE and SIGAL); CARON, 71, pl, 6: Sa-c.
1966. Clavihedbergella amabilis (LOEBLICH and TAPPAN) ; SALAJ and SAMUEL, 173, pI. 10: 3a-c.
1967. Hedbergella amabilis LOEBLICH and TAPPAN; PESSAGNO, 281-282, pl . 52: 6-8 .
1969. Hedbergella simplicissima (MAGNE and SIGAL); NEAGU, 140, pl. 13: 1-6.
1969. Hedbergella amabilis LOEBLICH and TAPPAN; DOUGLAs, 165, pl. 4: 8.
1970. Hedbergella amabilis LOEBLICH and TAPPAN; EICHER and WORSTELL, 300, 301, pl. 9: 6-7, 9a-c.
1972. Hedbergella amabilis LOEBLICH and TAPPAN; BARR, 13, pl. 2 : 3a-c.
1972. Clavihedbergella simplex (MORROW); BARR, 14, 15, pl. 2: 2a-b.
1972. Clavihedbergella simplicissima (MAGNE and SIGAL); GAWOR-BIEDOWA, 72-73, pl, 7: 3a-c.
1973. Hedbergella amabilis LOEBLICH and TAPPAN; DAILEY, 82, pI. 16: 4a-c.
1974. Hedbergella simplicissima (MAGNE and SIGAL); HERB, 752, 753, pl . 3: 9-13, pl. 4: 6-9.
1974. Hedbergella amabilis LOEBLICH and TAPPAN; KRASHENINNIKOV, 665, pl. 2: 1-3.
1975. Hedbergella amabilis (LOEBLICH and TAPPAN); NORTH and CALDWELL, pI. 4: 15a-c.

Material. - 9 specimens.
Dimensions (in mm):

ZPAL FXXIII/99
L

0·36
W

0·25
T

0·16

Description. - Test Iow trochospiral, biconvex, strongly lobulate, consisting of 2 1/ 2-3

whorls; chambers subglobular, insignificantly elongated radially; final whorl consisting of 5-6
chambers increasing moderately in size as added; sutures depressed, radial; wall prominently
pustulose ; umbilicus broad, shallow; primary aperture extraumbilical, bordered by distinct
flaps.

Remarks. - Polish specimens are contained within the variability of Hedbergella simpli­
cissima as defined by MAGNE and SIGAL (1953). I agree with CARON (1966) and HERB (1974)
that Hedbergella amabilis LOEBLICH and TAPPAN is a junior synonym of Hedbergella simplicis­
sima and that the illustrations of that species given by LOEBLICH and TAPPAN (1961) (pI. 3:
2-10) illustrate well the individual variability in H. simplicissima.

Occurrence. - USA: Cenomanian-Turonian; Trinidad: Cenomanian; Canada: Ceno­
manian-Santonian; eastern Indian Ocean: Albian-Coniacian; Libya: Upper Cenomanian­
Lower Coniacian; France: Lower Cenornanian ; Switzerland: Cenomanian; Western and
Eastern Carpathians: Cenomanian; NW Poland: Upper Albian-Lower Turonian, Central
Poland (Jakubowice, Piotrowice, Karsy): Cenomanian-Lower Turonian.

Hedbergella sp.
(pl. 12: 5a-c)

Material. - 4 specimens.
Dimensions (in mm):

ZPAL FXXIIJ/1I3
L

0'42
W

0·31
T

0·22

Description. - Test trochospiral, strongly spiroconvex; peripheral margin subcircu1ar,
strongly lobate; chambers globular to subglobular, 4 terminal chambers strongly radially
elongated; test consisting of 3 whorls; final whorl consisting of 6 chambers increasing moderately
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in size as added except for 3 terminal chambers that are of almost the same size; sutures radial,
strongly depressed; wall covered by irregularly distributed pustules; umbilicus small, deep;
primary aperture slit-like, extraumbilical, with well developed imperforate flaps extending
into umbilicus.

Remarks. - Hedbergella sp. differs from Hedbergella simplicissima (MAGNE and SIGAL) =
Hedbergella amabilis LOEBLICH and TAPPAN first of all in possessing a higher spiral side.
Hedbergella sp. is strongly convex on the spiral side while H. simplicissima is low trochospiral,
almost planispiral. Hedbergella sp. differs also from H. simplicissima in having 3 terminal
chambers almost equal in size while subglobular chambers of H. simplicissima are successively
larger. Hedbergella sp. differs from H. simplex (Moasow) in possessing a higher spiral side,
a greater number of chambers in the final whorl and in having chambers not so strongly radially
elongated.

Occurrence. - Central Poland (Karsy): Lower Turonian.

Genus Praeglobotruncana BERMUDEZ, 1952
Praeglobotruncana delrioensis (PLUMMER) 1931

(pl, 13: 4, 5, 6)

1931. Globorotalia delrioensis PWMMER; PWMMER, 199, pl. 13: 2 (fide ELLIS and MESSINA, Catalogue Foram.).
1946. Globorotalia marginaculeata LOEBLICH and TAPPAN; LOEBLICH and TAPPAN, 257, pl, 37: 19-21, fig. 4a.
1957. Praeglobotruncana delrio ensis (PLUMMER); BOLLI, LOEBLICH and TAPPAN, 39, pI. 9: I.
1961. Praeglobotruncana delrioensis (PLUMMER); LoEBLICH and TAPPAN, 280-284, pI. 6: 9-12.
1967. Praeglobotruncana delrioensis (PLUMMER); PESSAGNO, pI. 52: 3-5, pl, lOO: 7.
1969. Praeglobotruncana delrioensis (PWMMER) ; NEAGu, 141, pl. 16: 4-6, pl, 18: 1-3 , 7-8, pl. 21 : 3-8, pl. 22: 1-3.
1972. Praeglobotruncana delrioensis (PLUMMER); BARR, 15, pl. 2: Te-e,
1973. Praeglobotruncana delrioens is (PLUMMER); DAILEY, 83, pl. 18: 1a-<;.
1974. Praeglobotruncana delrioensis (PWMMER); HERB, 753,pl. 3: 14, fig. 5, 6.
1977. Praeglobotruncana delrioensis (PLUMMER); SLlTER, 542, pl, 8: 1-3 , 6.

Material. - 17 specimens.
Dimensions (in mm):

ZPAL FXXIII/117
L W T

0·29 0·22 0·15

Description. - Test trochospiral, biconvex, consisting of 2 1/2 to 3 whorls; periphery
lobate, bordered by a single keel; nodose in early whorls, dying out in later chambers; chambers
subglobular on spiral side, sectorial on umbilical side; final whorl consisting of 6-7 chambers
increasing regularly in size as added; spiral sutures curved, depressed; umbilical sutures radial,
depressed; wall spinose to nodose, most prominently in peripheral region; umbilicus small
shallow; primary aperture extraumbilical-umbilical, bordered by broad spatulate flaps.

Remarks. - P. delrioensis occurs in the profile studied together with P. stephani (GAN­
DOLFI); the species can be easily separated as P. delrioensis is almost flat on the spiral side and
is more strongly ornamented, especially on the periphery of the test.

Occurrence. - Southern Atlantic Ocean: Albian-Cenomanian; USA: Upper Albian­
Cenomanian; southern Indian Ocean: Upper Albian; Eastern Carpathians: Cenomanian;
Libya: Lower Cenomanian; Central Poland (Jakubowice, Piotrowice, Karsy): Cenomanian­
Lower Turonian.

Preaglobotruncana hilalensis BARR, 1972
(pI. 12: 3a-<;)

1972. Praeglobotruncana hilalensis BARR; BARR, p. 15, pl, 2: 4a-<;.

Material. - One specimen.
Dimensions (in mm):
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ZPAL FXXlII!I11
L

0·35
W

0·31
T

0·20

Description. - Test trochospiral, spiroconvex, consisting of 3 whorls; equatorial peri­
phery circular, weakly lobulate, truncated by a weakly developed .single keel ; chambers petaloid
on spiral side, subtrapezoidal on umibilical side; final whorl consisting of 6 chambers; spiral
sutures raised, curved ; umbilical sutures radial, depressed; umbilicus small, shallow; primary
aperture extraumbilical-umbilical, bordered by imperforate flaps.

Remarks. - P. hilalensis differs from P. stephani (GANDOLFI) in having a higher spiral
side and a more distinct keel, in increasing more regularly in the size of chambers and in having
a distinctly more perforated test. It differs from P. delrioensis (PLm.fMER) in having a higher
spiral side, a weaker ornamentation, and in being larger.

Occurrence. - Libya: Coniacian; Central Poland (Piotrowice): Lower Turonian.

Praeglobotruncana stephani (GANDOLFI, 1942)
(pl, 13: 7, 8, 9)

1942. Globotruncana stephani GANDOLFI; GANDOLFI, 130-133, pl. 3: 4, 5, pI. 4: 36, 37, 41-45, pI. 6: 4, 6, pl, 9: 5,
8, pI. 14 : 2.

1953. Rotundina stephani (GANDOLFI) ; SUBBOTINA, 165, pl, 2: 5-7, pI. 3: 1-2.

1954. Globotruncana stephani GANDOLFI va r. turbinata REICHEL ; HAGN and Z EIL, 34, pl, 2 : 2, pI. 5: 3,4.
1957. Praeglobotruncana stephani (GANDOLFI); BOLLI, LOEBLICH and TAPPAN, 39, pI. 9: 2.
1958. Globotruncana stephani var. stephani GANDOLFI ; WITWICKA, 209 , 210, pI. 14: 26a-c.
1961. Praeglobotruncana stephani (GANDOLFI); LOEBLICH and T APPAN, 284, 286 , 288, 290 , pI. 6: 1-8.
1963. Rotundina stephani (GANDOLFI) ; SALAJ and SAMUEL, 103, 104, pl. 6: 2a-c, 3a-c.
1963. Praeglobotruncana stephani (GANDOLFI); RENZ, LUTERBACHER and SCHNEIDER, 1086, pl , 9 : l a-c,
1964. Praeglobotruncana stephani (GANDOLFI); LOEBLICH and TAPPAN, C659, fig. 527 : 3a-c.
1965. Praeglobotruncana stephani (GANDOLFI); TAKAYANAGI, 207, pl, 22: 3.
1966. Praeglobotruncana stephani (GANDOLFI); DOUGLAS and SLITER, 107, pl. 5 : 1.
1966. Praeglobotruncana stephani stephani (G ANDOLFI); CARON, 73, pI. 2 : 3a-c.
1967. Praeglobotruncana stephani (GANDOLFI) ; PESSAGNO, 287, pl. 50: 9-11.
1969. Praeglobotruncana stephani (G ANDOLFI); M OORKENS, 446 , pI. 1: 5.
1969. Praeglobotruncana stephani (GANDOLFI) ; DOUGLAS, 173, pl, 2 : La-c,
1969. Praeglobotruncana stephani stephani (GANDOLFI) ; NEAGU, 140 , pl . 16 : 1-3, 7-12, pl . 18 : 4-6, 9-10, pl, 21:

9-10, pl. 23: 3.
1969. Praeglobotruncana stephani (GAliDOLFI); CARON and LUTERBACHER, 26, pl . 8 : 7.
1970. Praeglobotruncana stephani (GANDOLFI); EICHER and WORSTELL, 308, pI. 10: 9, pI. 11: 2a-c, 3.
1971. Praeglobotruncana stephani stephani (GANDOLFI); BELFORD and SCHEIBNEROVA, 331, 332, pl. 1: 1-7.
1972. Praeglobotruncana stephani (GANDOLFI); BARR, 15, 10, pI. 2: 6a-c.
1972. Praeglobotruncana stephani (GANDOLFI); GAWOR-BIEDOWA, 76, 77, pI. 8: l a-c.
1973. Praeglobotruncana stephani (GANDOLFI); DAILEY, 84, pl . 18 : 2a-c.

Material. - 18 specimens.
Dimensions (in mm):

ZPAL FXXlII!120
ZPAL FXXlIl!122

L
0 '54
0'51

W
0·45

0'43

T
0·30

0'28

Description.- Test trochospiral, spiroconvcx, consisting of 3 whorls; chambers subround­
ed on spiral side, sectorial on umbilical side; final whorl consisting of 5-7 chambers increasing
regularly in size as added; spiral sutures curved, depressed; umbilical sutures radial, depressed;
wall finely nodose, most prominently on spiral side; beaded peripheral keel bordering early
whorls, less distinct in terminal 2 or 3 chambers; umbilicus shallow, narrow; primary aperture
umbilical-extraumbilical, bordered by narrow flaps.

Remarks. - I agree with LOEBLICH and TAPPAN (1961) that this species possesses great
variability, expressed mainly in the height of spiral side. Specimens from the Vistula River



PLANKTIC FORAMINIFERA ZONATION OF POLISH UPPER CRETACEOUS 59

profile are contained within the variability described and illustrated by LoEBLICH and TAPPAN
(1961).

Occurrence. - USA (California, Gulf Coast Plain): Upper Cenomanian-Lower Turonian;
Australia: . Turonian; Libya: Upper Cenomanian-Lower Turonian; USSR: Cenomanian;
France: Upper Cenomanian-Turonian; Switzerland: Upper Cenomanian-Lower Turonian;
Western Carpathians: Upper Albian-Lower Cenomanian ; Eastern Carpathians: Cenomanian;
NW and .Central Poland: Upper Cenomanian-Turonian (area studied : Jakubowice, Karsy,
Opoczka-Upper Cenomanian-Lower Turonian), E Poland (Chelm): Upper Cenomanian,
Carpathians (Bachowice): Uppermost Cenomanian-Lower Turonian, Sudetes: Upper Ceno-
manian-Lower Turonian. .

Family Rotaliporidae SIGAL, 1958
Genus Rotalipora BROTZEN, 1942

Rotalipora cushmani (MORROW, 1934)
(pl, 11: I a-e - 4a-c)

1934. Globorotalia cushmani MORROW; MORROW, 199, pl. 31 : 2, 4 (fide ELLIS and MESSINA, Catalogue Foram.).
part. 1942. Rotalipora turonica BROTZEN ; BROTZEN, 32, fig. 10, non fig . 11 : 4.

1944. Globorotalia alpina BOLLI; BaLLI, 224, 255, pl. 9: 3, 4.
1946. Globorotalia cushmani MORROW; CUSHMAN, pl. 62: 9a-e.
1956. Rotalipora cushmani (MORROW) ; BRONNIMANN and BROWN, 537, pl. 20: 10-12.
1957. Rotalipora turonica (BROTZEN); BOLLI, LOEBLICH and TAPPAN, 41, pl, 9: 6a-c.
1957. Globorotalia (Rotalipora) er. Globorotalia (Rotalipora) turonica BROTZEN; EOGELL, 109, pl, 1: 16-18.

{art. 1961. Rotalipora cushmani (MORROW) ; LOEBLICH and TAPPAN, 297, 298, pl, 8: 2-8, 10, non pl. 8: I, 9.
1964. Rotalipora cushmani (MORROW); LOEBLICH and TAPPAN, 659-661, fig. 528: Ia-e, 2a-e.
1967. Rotalipora cushmani (MORROW) ; PESSAGNO, 292-293, pl. 51: 6-9, pl. 101: 5-7.
1969. Rotalipora cushmani cushmani (MORROW); NEAGU, 145, 146, pl. 25: 7-9, pl. 26 : 1-9.
1969. Rotalipora cushmani (MORROW); MOORKENS, 444-445, pl. 1: I, 2.
1969. Rotalipora cushmani (MORROW) ; DOUGLAS, 173, 174, pl , 1: 1-2.
1969. Rotalipora cushmani (MORROW) ; PORTHAULT, 534, 535, pl, 1: 11 a-e.
1970. Rotalipora cushmani (MORROW) ; EICHER and WORSTELL, 310, pl. 12: 3a-e, 4a-b, pl. 13: la-b.

-1972. Rotalipora cushmani (MORROW); BARR, 16, pl, 3: 1-2.
1972. Rotalipora cushmani cushmani (MORROW) ; GAWOR-BIEDOWA, 79-80, pl , 10: 1, 2.
1972. Rotalipora cushmani thomei HAGN and ZEIL ; GAWOR-BIEDOWA, 81-82, pl. 10: 3-4.
1973. Rotalipora cushmani (MORROW); DAILEY, 84, pl, 18: 3a-e.
1973. Rotalipora cushmani (MORROW); LONGORIA, 457-458, pl. 23: 1a-d, pl . 24: 1, 3a.
1976. Rotalipora cushmani (MORROW); ROBASZYNSKI and LIVIN, pl , 1: 1, 2, 3.

Material. - 5 specimens.
Dimensions (in mm):

ZPAL FXXlll/101
ZPAL FXXlIl/103

L
0·35
0·48

W
0·25
0·39

T
0·20
0·21

Description. - Test low trochospiral, biconvex, with well developed single keel; chambers
petaloid, inflated, marginally flattened toward the peripheral keel on spiral side; chambers
inflated, sectorial on umbilical side; inflation is most prominent in a radial line extending from
the umbilicus across the midportion of the chamber about half the distance to the periphery;
final whorl consisting of 5-6 chambers increasing gradually in size as added; spiral sutures
curved, somewhat raised; umbilical sutures radial, depressed; umbilicus wide, shallow; with
perforate lingula; edge of lingula with one to two supplementary apertures, often located on
suture; primary aperture extraumbilical-umbilical.

-Remarks. - The genus Rotalipora was created by BROTZEN (1942), with Rotalipora
turonica BROTZEN as the type species. BROTZEN illustrated two specimens, not indicating which
of them is the holotype. The problem that R. turonica, is a junior synonym of R. cushmani
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(MORROW), was discussed for many years. LOEBLICH and TAPPAN (1961) and PESSAGNO (1967)
admitted that R. turonica is a junior synonym of R.cushmani while LoNGORIA (1973) included
the specimen illustrated by BROTZEN (l. c.) in fig. 10 in the synonymy of R. cushmani and designat­
ed the specimen presented in fig. 11-4 as a lectotype for R. turonica. I agree with LoEBLICH
and TAPPAN (1961) and PESSAGNQ.. (1967) that there is a wide range of the spiral convexity of
Rotalipora cushmani (MORROW) but I agree with LONGORIA (1973) that R. cushmani and R. turo­
nica are two separate species. I agree also with PESSAGNO (1967) that Globotruncana alpina
BOLLI, known only from transverse sections, should be regarded as a junior synonym of
R. cushmani. .

Occurrence. - USA, Mexico: Upper Cenomanian; Libya: Upper Cenomanian; France:
Middle Cenomanian-Lower Turonian; Eastern Carpathians, Switzerland: Cenomanian; NW
Poland, Lodz region: Cenomanian, Central Poland (Jakubowice): Upper Cenomanian, Sudetes:
Middle Cenomanian.

Family Marginotruncanidae PESSAGNO, 1967
Marginotruncana caronae sp. n.

(pl , 15: 1a-c)

Holotype: ZPAL FXXIII/132 ; pl. 15, fig. 1a.
Type horizon: Upper Turonian.
Type locality: Slupia Nadbrzezna.
Derivation of the name : dedicated to Dr. MICHElE CARON, a Suiss micropaleontologist.
Diagnosis: Test low trochospiral , planoconvex with stronger convex umbilical than spiral side, bordered by raised,

beaded double keel. Chambers petaloid on spiral side, subrectangular on umbilical side. Wall spinose except terminal one
or two chambers. Primary aperture extraumbilical-umbilical.

Material. - 17 specimens.
Dimensions (in mm):

ZPAL FXXIII/132
L I W T

0·46 0·36 0·19

Description. - Test low trochospiral, planoconvex, nearly flat on spiral side, convex
on umbilical side, lobulate; chambers arranged in 2 1/2- 3 whorls; chambers petaloid, slightly
inflated on spiral side, subrectangular, convex most strongly around umbilicus, on umbilical
side; final whorl consisting of 41/ 2- 5 chambers increasing regularly in size as added, truncated by
raised, beaded double keel; wall covered by pustulae except one or two terminal chambers that
are smooth; sutures raised, curved; umbilicus broad, bordered by mildly elevated umbilical
shoulder; primary aperture extraumbilical-umbilical ; portici broken in material examined.

Remarks. - M. caronae sp. n. is easily distinguishable from other cooccurring species of
Marginotruncana. It differs from M. pseudolinneiana PESSAGNO in being planoconvex rather
than planiform and in having fewer chambers ' in the final whorl; from M. marginata (REUSS)
in being planoconvex rather than biconvex, in possessing less chambers in the final whorl
(4~ to 5 against 6-8) and in having planoconvex chambers in cross-section rather than subglo­
bular or globular as in M. marginata.

Occurrence. - Central Poland (Opoczka, Kolonia Slupia Nadbrzezna, Wesolowka 31, 32,
33, 34, 39): Upper Turonian-Lower Santonian.

Marginotruncana coronata (BOLLI, 1944)
(pI. 16: la-c, 2a-c)

part . 1944. Globotruncana lapparenti coronata BOlL!; BOlL!, 233, fig. 1: 21, 22, pl, 9: 15, non pl, 9: 14.
1954. Globotruncana lapparenti coronata BOlL!; KSII\ZKIEWICZ, 273,274, pl, 31: 17, 18; text-fig. 43-44.
1966. Globotruncana lapparenti coronata BOlL!; CARON, 80. pl, 4 : I a-c.
1967. Marginotruncana coronata (Bot.t.i): PESSAGNO, 305, 306, pI. 65: 11-13, pI. 100: 6 (here additional synonymy).
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1969. Globotruncana coronata BOLL! ; MOORKENS, 449-450, pI. 2: 5.
part. 1969. Globotruncana coronata BOLL! ; DOUGLAS, 177, 178, pl. 3: 6-8, non pl, 3: 5.

1969. Marginotruncana coronata (BOLL!); EsKER HI, 214, pl , 1: 9-11.
1970. Marginotruncana coronata (BOLL!); PORTHAULT, 53, pI. 11 : 1-3.
1972. Globotruncana coronata BOLL! ; HANZL!KOVA, 104, pl, 28: 1.
1972. Globotruncana coronata BOLL! ; BARR, 10-20, pI. 9: l a-c, pI. 10: la-e.
1973. Globotrun cana coronata BOLL! ; OWEN, 58, pl. 15 : 10-12.
1976. Globotruncana coronata BOLL! ; ROBASZYNSKI and LIVIN, pI. 1: 10,11,12.
1976. Globotruncana coronata BaLL!; VAPTZAROVA, 53, 54, pI. 1: 4, 5, 6.

part. 1976. Globotruncana coronata BOLL! ; IBRAHlM, 98, pl , 2: 1-3, 5-7, 8a-e, 9-11, non pl . 98 : 4a, b, c.

Material. - 27 specimens.
Dimensions (in mm):

61

ZPAL FXXIIIj I05
L W T

0·68 0'57 0·28

Description. - Test large, trochospiral, biconvex; equatorial periphery lobate, axial
periphery rounded; test bordered by well developed double keel, consisting of 2~ to 3 whorls;
chambers petaloid on spiral side, subrectangular on umbilical side; final whorl consisting of
6-8 chambers increasing gradually in size as added; sutures curved, raised, beaded on spiral
side, insignificantly sigmoid Oft umbilical side; umbilicus shallow, broad, bordered by weakly
developed, only slightly raised umbilical shoulder; primary aperture extraumbilical-umbilical,
covered by portici with infralaminal accessory apertures.

Remarks. - BOLLI (1944) described Globotruncana lapparenti coronata from thin sections.
He presented 4 illustrations but did not designate the holotype so as to avoid mistakes in identi­
fication of M. coronata and M. angusticarinata (GANDOLFI). PESSAGNO (1967) designated the
lectotype of Globotruncana lapparenti coronata (specimen figured in pI. 9: 15), designating other
specimens (figured in fig. 1: 21, 22) as paralectotypes. The original diagnosis of G. coronata
stressed its large size, compressed biconvex form and a tendency for the closely spaced keels to
merge on the ultimate chamber of the final whorl (BOLLI, 1944). All these features are present
in Polish specimens.

Occurrence. - USA, Mexico, Jamaica : Upper Turonian-Lower Santonian; Papua New
Guinea: Upper Santonian; Libya: Upper Turonian-Santonian ; USSR: Santonian; Bulgaria:
Upper Turonian-Lower Santonian; Austria (Tirol) : Upper Santonian; France: Upper Turonian­
Lower Santonian; Switzerland: Upper Turonian-Santonian; Central Poland (Opoczka, Slupia
Nadbrzezna, KoI. Slupia Nadbrzezna, Wesolowka 31-42) and Sudetes: Upper Turonian­
Santonian, eastern Poland: Upper Turonian-Lower Santonian; Carpathians (Bachowice):
Turonian.

Marginotruncana longilocula (GANDOLFI, 1955)
(pl , 14 : la-c)

1955. Globotrun cana longilocula GANDOLFI ; GANDOLFI, 17-19, pl. 1: 1a-e. pl. 3, pl. 4: 4a-e.

Material. - 21 specimens.
Dimensions (in mm):

L W T
ZPAL FXXIII/127 0·56 0'41 0·20

Description. - Test trochospiral, planiform or very weakly convex on both sides, lobulate,
truncated peripherally by well developed double keel; chambers on spiral side initially petaloid,
slightly overlapping; terminal whorl consisting of 6-7 chambers, narrow, elongated, semilunar,
strongly overlapping on spiral side, subrectangular on umbilical side; spiral sutures curved,
raised, headed; umbilical sutures sigmoidal; umbilicus small, shallow; primary aperture
umbilical-extraumbilical; portici broken in material examined.
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Remarks. - The"species described differs from M. pseudolinneiana PESSAGNO in having
fewer chambers in the final whorl (5-6 against 7-8), in having chambers of a different shape
(although semilunar on the spiral side, they are narrower and more elongated) and in having
a test that is ovate rather than round. It differs from M. canaliculata (REUSS) in having subrec­
tangular chambers on the umbilical side (compared with sectorial ones in M. canaliculata).
PESSAGNO (1967) included Marginotruncana longilocula (GANDOLFI) in the synonymy of Globo­
truncana lapparenti (BROTZEN). However, it differs clearly from the latter species in possessing
sutures more finely raised and in having arched, more elongated and semilunar rather than
petaloid chambers.

Occurrence. - Columbia: Coniacian; Switzerland: Coniacian-Lower Santonian; Central
Poland (Wesolowka 38, 39, 42, 43, 44): Santonian.

Marginotruncana marginata (REUSS, 1845)
(pI. 17: 2a-c, 3a-c)

1845. Rosalina marginata REUSS; REUSS, 36, pl. 8 : 54a, b, 74a, b, pl, 13: 68a, b.
1956. Globotruncana marginata (Rzuss); JIROVA, 239-255, pl. 1: 1a-c (here 'additional synonymy) .

part. 1962. Globotruncana marginata (REUSS); BARR, 574, 575.
non 1965. Globotruncana marginata (REUSS); TAKAYANAGl, 218, pl, 26: 3, 4.
non 1965. Globotruncana marginata (REUSS); van HINTE, 23, pI. 1: 2.
1I0n 1967. Marginotruncana marginata (REUSS); PESSAGNO, 307-310, pl. 54: 7-12, 16-18, pl. 56: 10, pl, 99 : 5-7 . .
non 1968. Globotruncana marginata (REUSS) ; SLlTER, 104, pl, 17: 5, 6.

1969. Globotruncana marginata (REUSS); DOUGLAS and RANKIN, 203-207, fig. 14a--e, 15a-f.
non 1969. Globotruncana marginata (REUSS) ; DOUGLAS, 182-183, pl, 8: 4-5.

1970. Marginotruncana marginata (REuss); PORTHAULT, 74, pI. 20: 18-20 .
1972. Globotruncana marginata (REUSS) ; HANZLlKOVA, 108, pI. 30: 3, 4.
1972. Globotruncana marginata (REuss); BARR, 22, pl. 4 : 8a-c.

non 1972. Globotruncana marginata (REuss) ; GOVlNDAN, 179, 180, pl. 4: 10-1.
1973. Globotruncana marginata (REUSS) ; NORLING, 111, pl. 8: l a-c,
1975. Globotruncana lapparenti bulloides VOOLER; HELLER, pI. 3: 11.
1976. Globotruncana marginata (REUSS); VAPTZAROVA, 54, 55, pl, 1: 14, 16.
1976. Globotruncana marginata (REUSS) ; IBRAHlM , 123, pI. 4: ll-12a, b.

Material. - 70 well preserved specimens.
Dimensions (in mm):

ZPAL FXXIlI/149
L W T

0·50 0·40 0·15

Description. - Test low trochospiral, biconvex, lobulate; periphery truncated by weakly
developed double keel; test consisting of 2 1/2-3 whorls; chambers subglobular, petaloid on
spiral side, subrectangular on umbilical side; final whorl consisting of 6-8 chambers increasing
moderately in size as added; spiral sutures curved, raised; umbilical sutures radial, slightly
sigmoid; wall finely hispid; umbilicus broad, bordered by a slightly elevated umbilical shoulder;
primary aperture extraumbilical-umbilical ; portici broken in material examined.

Remarks. - JfROVA (1956), after stating that the type specimen of R. marginata has been
lost, designated a neotype from specimens collected at the type locality of Lufice in Czecho­
slovakia. Polish specimens' correspond well with the neotype and topotypes. M. marginata
was often mistaken for Globotruncana bulloides VOGLER although it differs from the latter mainly
in possessing an extraumbilical-umbilical primary aperture and portici instead of tegilla and in
having a symmetrically arranged keel.

Occurrence. - USA, Mexico: Turonian-Lower Santonian; Libya: Turonian-Santonian;
Bulgaria: Upper Turonian; Austria (Tirol): Upper Santonian; France: Coniacian; England:
Coniacian-Santonian; Czechoslovakia : Upper Turonian-Coniacian; Sweden: Turonian-
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Santonian; Poland - Lodz region: Upper Turonian-Santonian, Central Poland (Opoczka,
Kolonia Slupia Nadbrzezna, Slupia Nadbrzezna, Wesolowka 31, 32, 33, 34, 38, 39,40,41,43):
Turonian-Santonian.

Marginotruncana paraconcavata PORTHAULT, 1970
(pI. 14: 3a-e)

1970. Marginotruncana paraconcavata PORTHAULT; PORTHAULT, 77-78, pI. 10: 21-23.

Material. - 20 specimens.
Dimensions (in mm):

ZPAL FXXllI/130
ZPAL FXXlIl/219

L W T
0'50 0'42 0·20
0'46 0·40 0'19

Description. - Test trochospiral, planoconvex to biconvex, strongly umbilicoconvex,
lobulate, consisting of 3 whorls, truncated by closely spaced double keel; chambers petaloid,
very slightly elongated in coiling direction on spiral side, subtrapezoidal on umbilical side;
final whorl consisting of 5-7 chambers increasing regularly in size as added; spiral sutures
curved, raised, slightly beaded; umbilical sutures slightly curved, raised, beaded; umbilicus
broad, bordered by mildly elevated umbilical shoulder; primary aperture extraumbilical­
umbilical; portici with infralaminal accessory apertures.

Remarks. - Polish specimens are generally in conformity with the holotype differing
from it in having a higher spiral side, in possessing a greater number of chambers in the final
whorl and in having chambers of a more petaloid shape.

Occurrence. - SE France: Upper Coniacian-Lower Santonian; Central Poland (Slupia
Nadbrzezna, Wesolowka 32, 34, 39, 40, 41, 44): Upper Turonian-Lowermost Campanian.

Marginotruncana pseudolinneiana PESSAGNO, 1967
(pI. 14 : 2a-c)

part. 1966. Globotruncana linneiana (d'ORBIGNY); DOUGLAS and 'SUTER, 112, pI. 4: 4, 6, 9, non pl . 5 : 6, 7, 8.
1967. Marginotruncana pseudolinneiana PESSAGNO; PESSAGNO, 310, pI. 65: 24-27, pI. 76 : 1-3.

part. 1969. Globotruncana pseudolinneiana (PESSAGNO); DOUGLAS, 184, pl. 3 : 2-3, non pl. 3: 4, fig. 6.
1969. Globotruncana pseudolinneiana (PESSAGNO) ; DOUGLAS and RANKIN, 207. 208, fig. 16, 17.
1970. Marginotruncana pseudolinneiana PESSAGNO; PORTHAULT, 54, pI. 11: 9-10.
1971. Globotruncana pseudolinneiana (PESSAGNO) ; BELFORD and SCHEIBNEROYA, pI. 2: 13-16.
1972. Globotruncana pseudolinneiana (PESSAGNO) ; HANZUKOYA, 109, pI. 29.
1973. Globotruncana pseudolinneiana (PESSAGNO); OWEN, 59, pI. 17: 4-6.
1975. Globotruncana lapparenti lapparenti BROTZEN; HELLER, pl . 3: 13.
1977. Marginotruncana pseudolinneiana PESSAGNO; LAMOLDA, 400-401, pl . 2: 5.

.Material. - 28 well preserved specimens.
Dimensions (in mm):

ZPAL FXXlII/128
ZPAL FXXlll/163

L W T
0·44 0·33 .0·13
0·51 0·34 0·14

Description. - Test trochospiral, slightly oval, with nearly parallel spiral and umbilical
sides; periphery lobate, truncated by a wide. double keel; test consisting of 2 ~-3 Whorls;
chambers crescent-shaped on spiral side, subrectangular on umbilical side; final whorl consisting
of 6 to 8 chambers; sutures raised, curved; umbilicus broad, bordered by mildly elevated
umbilical shoulder; primary aperture extraumbilical-umbilical in position; portici with infrala­
minal accessory apertures.
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Variability. - Small individual variability marked in number of chambers in final whorl
and in test convexity.

Remarks. - The Polish specimens correspond almost entirely with PESSAGNO'S description
of theholotype. Specimens illustrated by DOUGLAS and SLITER (1966, pl. 4: 4, 6, 9) as Globo­
truncana linneiana (d'ORBIGNY) possess crescent-shape rather than petaloid chambers on the
spiral side and have a narrower intrakeel area as well as a more oval test than is observed in
G. linneiana. These features show that the specimens of DOuGLAS and SLITER should be referred
to Marginotruncana pseudolinneiana PESSAGNO.

Occurrence. - USA (Texas, California), Mexico: Upper Turonian-Lower Santonian;
Australia: Turonian ; Papua New Guinea : Upper Santonian; France: Upper Turonian-Santo­
nian; Czechoslovakia (Moravia) : Upper Turonian-Lower Santonian; Denmark (Bornholm):
Coniacian-Lower Santonian ; Central Poland (Opoczka, Kolonia Slupia Nadbrzezna, Slupia
Nadbrzezna, Wesolowka 31, 34, 37, 38, 39, 41) and Lodz region: Upper Turonian-Santonian.

Marginotruncana cf. renzi (GANDOLFI, 1942)
(pI. 14: 6a-c)

Material. - 13 specimens .
Dimensions (in mm):

ZPAL FXXIII/225
L W T

0'70 0·60 0·38

Description. -:- Test trochospiral, biconvex, with strongly convex spiral side; periphery
slightly lobular, truncated by closely spaced double keel; test consisting of 3 whorls; chambers
petaloid on spiral side, subrectangular on umbilical side; final whorl consisting of 6 chambers;
spiral sutures curved, raised ; umbilical sutures sigmoid; umbilicus broad, shallow , bordered by
mildly elevated umbilical shoulder; primary aperture extraumbilical-umbilical; portici broken
in material examined.

Remarks. - The highly complex taxonomical history of Marginotruncana renzi (GAN­
DOLFI) was discussed in detail by CARON (1966) and PESSAGNO (1967). The existing confusion in
the interpretation of this species results from the fact that GANDOLFI (1942) illustrated it with
two specimens markedly differing from one another and did not designate a holotype. One
specimen is planoconvex, double-keeled and its last whorl consists of five chambers of which the
last was missing. The other specimen also consists of five chambers, the last whorl differing
from that of the formed specimen in being biconvex. PESSAGNO (1967)designed the planoconvex
specimen from fig. 45 in GANDOLFI (1942: 124) as the lectotype of the species M arginotruncana
renzi (GANDOLFI), stating that the other form is very similar to Marginotruncana angusticarinata
(GANDOLFI) except for a smaller number of chambers in the last whorl. In turn, CARON (1966),
after inspection of the specimens, selected the biconvex one from GANDOLFI'S fig. 1 on pl. 3 as
the lectotype, stating that the planoconvex form is too poorly preserved (the last chamber is
incomplete and the umbilicus obscure) for it to be designated as the lectotype. Several authors
consider this species as characterized by a biconvex test. The second specimen is well-preserved
and, most importantly it should be noted that the cell containing it is labelled in GANDOLFI'S
handwriting with the word "holotype". It would follow that GANDOLFI designated the holotype
without making a proper statement in the text.

The specimens from the Vistula River gorge, assigned to Marginotruncana cf. renzi (GAN­
DOLFI), differ from the lectotype designated by CARON (1966) in having a somewhat more ovate
test, a higher dorsal side and more prominently developed keels on the last whorl.

Occurrence. - Central Poland (Wesolowka 31, 33): Upper Turonian-Coniacian.
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Marginotruncana sinuosa PORTHAULT, 1970
(pl , 15: 3)

? 1966. Globotruncana fornicata (PLUMMER); CARON, 80, pI. 4 : 6a--c.
1970. Ma rginotruncana sinuosa PORTHAULT ; PORTHAULT, 81-82, pl , 11: 11-13.
1970. Globotruncana renzi G ANDOLFI; KUHRY, pl, 2 : 13-15.

part. 1976. Globotruncana coronata BOLL! ; IBRAHIM, 99, pI. 2: 4a, b, c, non pI. 2: 1-3, 5-7 , 8a--c, 9-11.

Material. - 70 specimens.
Dimensions (in mm):

65

ZPAL FXXlII/136
L W T

0'47 0·46 0·25

Description. - Test trochospiral, biconvex, with strongly convex spiral side, lobulate,
truncated by well developed double keel; carinal band.of sigmoid shape in apertural view; test
consisting of 3 whorls ; chambers semilunar, crenulate, overlapping on spiral side, subrectangular
on umbilical side; final whorl consisting of 5~ to 6 chambers increasing moderately in size as
added ; spiral sutures curved, raised; umbilical sutures sigmoid; umbilicus broad, shallow,
bordered by slightly elevated umbilical shoulder; primary aperture extraumbilical-umbilical;
portici broken in material examined.

Variability. - Individual variability mainly in degree of convexity of spiral side, ranging
from almost flat to slightly convex.

Remarks. - M . sinuosa differs from Globotruncana fornicata (PtUMMER) in having a less
marked crenulation of the chambers, more widely spaced double keel, a different position of the
primary aperture and in the structure of the apertural apparatus. The specimen illustrated by
CARON (1966) as Globotruncana fornicata (PLUMMER) possesses tegilla with distinct infralaminar
accessory apertures but intralaminar accessory apertures are lacking. Therefore it belongs to
Marginotruncana. PORTHAULT (1970) suggested that M. sinuosa is an ancestor of Globotruncana
fornicata (PLUMMER). He believed that M . sinuosa disappeared at the end of the Lower Santonian
and was replaced in the Upper Santonian by Globotruncanafornicata. It seems probable that the
specimens described as Globotruncanafornicata (PLUMMER) from pre-Upper Santonian deposits
most probably belong to M . sinuosa. The specimen illustrated by KUHRY (1970, pl. 2: 13-15) as
Globotruncana renzi possesses 4 semilunar, undulated chambers in the final whorl, a slightly
biconvex test and sinusoidal shape of the carinal band; these features enable us to refer it to
M . sinuosa. IBRAHIM (1976) in one of his illustrations (pI. 2: 4a-b) presents a form determined
as Globotruncana coronata BOLLI, possessing 5 semilunar, undulated chambers in the final
whorl and a slightly sinusoidal carinal band enabling us to identify this specimen as M. sinuosa.

Occurrence. - France: Upper Turonian-Lowermost Santonian; Israel: Upper Santonian;
Switzerland: Coniacian-Santonian; Central Poland (Kolonia Slupia Nadbrzezna, Slupia Nad­
brzezna, Wesolowka 31, 33, 34, 37, 39): Upper Turonian-Coniacian.

Marginotruncana sp.
(pl . 15: 4a-c)

Material. - 13 specimens.
Dimensions (in mm):

ZPAL FXXlII/135
L W T

0'50 0·40 0·19

Description. - Test rather large, massive, trochospiral, flat both on spiral and umbilical
sides, consisting of 2~-3 whorls; chambers semilunar on spiral side, subrectangular on umbili­
cal side; truncated by distinct, beaded, widely spaced double keel; final whorl consisting of
6 chambers increasing gradually in size as added; sutures curved, beaded; surface of chambers
5 - Palaeontologla Polonica No . 41
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slightly elevated in the VICInIty of umbilicus; umbilicus wide? shallow, bordered by mildly
elevated umbilical shoulder; primary aperture extraumbilical-umbilical ; portici broken in
material examined.

Remarks. - Marginotruncana sp. differs from Marginotruncana coronata (BoLL!) in
possessing a flat spiral side, in having less chambers in the final whorl and in the different shape
of its chambers (rather semilunar against petaloid in M. coronata). It has also more prominent
and a more intensively ornamented double keel and well developed periumbilical shoulder as
compared with that of M . coronata. Marginotruncana sp. differs from Marginotruncana pseudo­
linneiana PESSAGNO in having a more rounded equatorial outline against an ovate outline in
M. pseudolinneiana, in having keels more widely spaced and in being wider in the axial view.

Occurrence. - Central Poland (Opoczka, Kolonia Slupia Nadbrzezna, Slupia Nadbrzezna,
Wesolowka 31, 34, 37, 39): Upper Turonian-Lower Santonian.

Marginotruncana SP 'l
(pl . 17: 4a-c)

Material. - 11 specimens.
Dimensions (in mm):

ZPAL FXXIII/222
L W T

0'49 0·35 0·14

. Description.- Test trochospiral, biconvex, with stronger convex umbilical side; periphery
lobulate, truncated by a raised, beaded double keel; test consisting of 3 whorls; chambers
inflated, semilunar on spiral side, subrectangular on umbilical side, except the ultimate chamber
which is petaloid on the spiral side and strongly convex on the umbilical side ; final whorl
consisting of 5-6 chambers; sutures curved, raised on spiral side, sigmoid on umbilical side;
wall finely hispid in initial portion, smooth in later portion; umbilicus rather small, bordered
in 2 terminal chambers by a moderately to markedly elevated umbilical shoulder; primary
aperture extraumbilical-umbilical; portici broken in material examined.

Remarks. - Marginotruncana SP'l can be easily distinguished from Marginotruncana
pseudolinneianavessscn«: by its biconvex to umbilicoconvex test and by having inflated chambers
on the spiral side and strongly convex on the umbilical side. It differs from Marginotruncana
caronae sp. n. in having a sharp increase in the size of successive chambers, semilunar chambers
on the spiral side and a characteristic development of the ultimate chamber.

Occurrence. - Central Poland (Wesolowka 32, 33): Upper Turonian-Coniacian.

Dicarinella biconvexa biconvexa (SAMUEL and SALAJ, 1962)
(pI. 12: I a-c)

1962. Globotruncana biconvexa biconvexa SAMUEL and SALAJ; SAMUEL and SALAJ, pl . 9: 4a-c.
1966. Praeglobotruncana biconvexa biconvexa (SAMUEL and SALAJ); SALAJ and SAMUEL, 186, 188, pl. 16: 4a-c, pl. 17:

2, 3a-c.

Material. - 17 specimens.
Dimensions (in mm):

ZPAL FXXIII/109
L W T

0·46 0·40 0·23

Description. - Test trochospiral, biconvex, consisting of 27'2 whorls; chambers inflated,
petaloid on spiral side, inflated, sectorial on umbilical ,side; final whorl consisting of 7-8 cham­
bers of almost the same size, truncated by a weakly developed double keel which on the ultimate
chamber is single and also weakly developed; ultimate chamber reflected in umbilical direction,
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forming thus the square with test margin, often smaller than preceding one; spiral sutures
curved, depressed; umbilical sutures radial, depressed; wall ornamented by nodules with excep­
tion of ultimate chamber which is smooth; umbilicus narrow, deep; primary aperture extraum­
bilical-umbilical; imperforate portici and infralaminal accessory apertures.

.Remarks. - The subspecies described differs from Dicarinella biconvexa gigantea (SAMUEL
and SALAJ) in having a less biconvex test, slightly imbricated arrangement of chambers in the
final whorl, and in the gradual but regular increase in the size of chambers against an irregular
increase in D. biconvexa gigantea . Both subspecies differ from other representatives of Dicarinella
present in the Lower Turonian of the Vistula river valley in having, generally speaking, a more
weakly developed double keel which is absent on the final chambers, more chambers in the
final whorl, stronger convex chambers on the spiral side and in having a strongly biconvex test
instead of the rather convexoconcave tests of other Turonian species of Dicarinella. Because of
their short time-range D. biconvexa biconvexa and D. biconvexa gigantea are very good index
fossils for the lower Middle Turonian. .

Occurrence. - Czechoslovakia (Western Carpathians): Middle Turonian; Central Poland
(Karsy): Lower Turonian.

Dicarinella biconvexa gigantea (SAMUEL and SALAJ, 1962)
(pI. 12: 2a-c)

1962. Globotruncana biconvexa gigantea SAMUEL and SALAJ; SAMUEL and SALAJ, 317, pl. 9 : 5a-d.
1966. Praeglobotruncana biconvexa gigantea (SAMUEL and SALAJ) ; SALAJ and SAMUEL, 187, 188, pl. 16: 3a.,;:.

Material. - 8 specimens.
Dimensions (in mm):

ZPAL FXXllI/11O
L W T

0'48 0·37 0·26

Description. - Test trochospiral , biconvex, consisting of 2~ whorls; chambers inflated,
petaloid on spiral side, inflated, sectorial, truncated by weakly developed double keel on umbili­
cal side; final whorl consisting of 8 chambers gradually increasing successively in size; ultimate
chamber sometimes with 1 keel only, which is commonly almost invisible; ultimate chamber
reflected in relation to preceding ones in umbilical direction forming almost the square with
the test margin; spiral sutures depressed, curved to radial; umbilical sutures radial, depressed;
wall covered by nodules; primary aperture extraumbilical-umbilical; portici broken in material
examined; strongly convex chambers on spiral side make the umbilicus relatively deep and
narrow.

Remarks. - See Dicarinella biconvexa biconvexa (SAMUEL and SALAJ).
Occurrence. - Czechoslovakia (Western Carpathians): Middle Turonian; Central

Poland (Karsy): Lower Turonian.

Dicarinella cf. concavata (BROTZEN, 1934)
(pl. 15: 2a-c)

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

ZPAL FXXIII/133
L W T

0·34 0·27 0'18

Description. - Test trochospiral, planoconvex, strongly umbilico-convex, consisting
of2~ whorls; weakly developed, closely spaced double keel; final whorl consisting of 5 petaloid,
slightly inflated chambers .on spiral side, conical on umbilical side; initial chambers globular;
5·
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spiral sutures curved, depressed; umbilical sutures radial, depressed ; wall ornamented by quite
numerous nodules, 2 terminal chambers on spiral side almost smooth ; umbilicus deep, broad;
primary aperture extraumbilical, bordered by portici with infralaminal accessory apertures.

Remarks. - The specimen described differs from Dicarinella concavata (BROTZEN) in
having a weakly developed double keel , in possessing slightly convex chambers instead of flat
or concave chambers on the spiral side in Dicarinella concavata (BROTZEN) and in lacking
a distinct umbilical shoulder.

Occurrence. - Central Poland (Wesolowka 45): Upper Santonian.

Dicarinella imbricata (MORNOD, 1950)
(pI. 13: 10, 11, 12)

1950. Globotruncana imbricata MORNOO ; MORNOO, 589, 590, pI. 15: 21-34, fig. 5: 2a-<:, 3a-d.
1965. Globotruncana imbricata MORNOO ; TAKAYANAGI, 215, pI. 24 : 5, pl. 25: 1, 2.
1966. Globotruncana imbricata MORNOO; DOUGLAS and SLITER, 111, pI. 5: 2.
1966. Praeglobotruncana imbricata (MORNOO) ; CARON, 76, pI. 6 : 4 a-<:.
1967. Marginotruncana imbricata (MORNOO) ; PESSAG NO, 306, 307, pI. 57: 3-5 .
1969. Globotruncana imbricata MORNOO ; D OUGLAS, 180, 181, pI. 2 : 4-7 .
1971. Praeglobotruncana imbricata (MORNOO) ; BELLIER, 88-89 , pI. 1: 5.
1971. Praeglobotruncana cf. imbricata (MORNOO) ; BELFORO and S CH EIBNEROVA, pl. 3: 1-11.
1972. Praeglobotruncana imbricata (MORNOO); HANZLIKOVA, 102, pI. 26 : 7-10.
1976. Dicarinella imbricata (MORNOO) ; CARON, 332, 333, fig. 3 - ncotype; pl. 3: 1-6.

Material. - 14 specimens.
Dimensions (in mm):

ZPAL FXXlIl/123
L

0'37
W

0·35
T

0'16

Description. - Test trochospiral, concavo-convex, apiral side convex, umbilical side
concave; double keel beaded; dorsal keel running obliquely to horizontal plane, made by
umbilical side of chambers, giving an illusion of imbricated arrangement of chambers; surface
of chambers on spiral side flat or slightly raised relative to keel; chambers slightly convex,
trapezoidal on umbilical side; final whorl consisting of 4-6 chambers; spiral sutures convex,
curved; umbilical sutures depressed, straight, radial ; umbilicus small, deep; primary aperture
extraumbilical-umbilical ; portici broken in material examined.

Remarks. - The holotype of Dicarinella imbricata (MORNOD) described by MORNOD
(1950) was never publically available. CARON (1976) has selected the neotype and topotypes for
this species from the samples taken in each type level. D. imbricata from Central Poland agrees
with the neotype selected by CARON (1976, pI. 3: 1-6) in having a convexo-concave test, the
same number, shape and imbricated arrangement of chambers in the final whorl and in posses­
sing a weakly developed double keel. Specimens from Switzerland and from Central Poland
also possess a double keel, which is, however, raised and beaded in the CARON'S neotype, but
rather weakly developed in the material examined.

Occurrence. - USA, California : Turonian-Coniacian, Gulf Coast Plain: Lower Turonian;
Australia: Lower Turonian; Czechoslovakia (Moravia): Coniacian-? Santonian; Switzerland:
Turonian; France: Turonian; NW Poland: Turonian, Central Poland (Piotrowice, Karsy,
Opoczka, Slupia Nadbrzezna): Turonian, Sudetes: Lower Turonian.

Dicarinella longoriai sp. n.
(pl, 13: 1, 2, 3)

Holotype : ZPAL FXXUI/114 ; pI. 13, fig. I.
Type horizon: Lower Turonian.
Type locality : Karsy.
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Derivation of the name: dedicated to Or. Joss F. LONGORIA, a Mexican micropaleontologist.
Diagnosis: Test low trochospiral, slightly convex on spiral side, slightly concave on umbilical side; periphery

lobate; chambers petaloid on spiral side, sectorial on umbilical side; final whorl consisting of 4'/.-5 whorls; spiral sutures
curved, depressed; umbilical sutures radial, depressed.

Material. - 16 specimens.
Dimensions (in mm):

ZPAL FXXIII/114
ZPAL FXXIII/116

L W T
0·37 0·29 0·16
0·35 0·28 0·15

Description. - Test trochospiral, slightly convex spiral side, flat or even slightly concave
umbilical side, consisting of 2 whorls; periphery strongly lobate, truncated by distinct, closely
spaced double keel; chambers petaloid, slightly inflated on spiral side; trapezoidal, flattened to
weakly inflated on umbilical side; final whorl consisting of 4~ chambers increasing sharply
as added; spiral sutures curved, depressed in peripheral part, raised by keel coinciding with
sutures in internal part; umbilical sutures radial, depressed; wall finely papillate; umbilicus
narrow, rather deep; primary aperture extraumbilical-umbilical; portici with infralaminal
accessory apertures.

Remarks. - Diearinella longoriai sp. n. differs from Diearinella imbrieata (MORNOD)

in having less chambers in the final whorl, in being lower trochospiral, in not possessing the
imbricated arrangement of chambers, and in having successive chambers increasing sharply
in size. It differs from Diearinella bieonvexa bieonvexa (SAMUEL and SALAJ) and Diearinella
bieonvexa gigantea (SAMUEL and SALAJ) in being smaller, in having fewer chambers in the final
whorl, chambers of different shape, a more incised peripheral margin and a convexo-concave
test.

Occurrence. - Central Poland (Karsy, Piotrowice, Opoczka): Lower Turonian.

Diearinella sp.
(pI. 12: 4a-c)

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

ZPAL FXXIII/112
L W T

0·48 0·42 0·19

Description. - Test trochospiral, biconvex; spiral and umbilical sides slightly convex,
almost flat; 3 whorls; chambers petaloid, flat on spiral side, subtrapezoidal on umbilical side,
convex near umbilicus, increasing regularly in size as added, except for the ultimate chamber
which is smaller and slightly reflected in umbilicus direction; periphery truncated by well devel­
oped, beaded double keel, weaker developed on ultimate chamber; spiral sutures curved, beaded;
umbilical sutures radial, depressed; umbilicus small, deep; primary aperture slit-like, umbilical­
extraumbilical; portici often broken in material examined.

Remarks. - Diearinella sp. is easily distinguishable from other species of Diearinella
occurring in the material examined. It differs from Diearinella longoriai sp. n. in being larger,
in having more chambers in the final whorl, successive chambers increasing more regularly
in size and in being biconvex rather than convexo-concave. Diearinella sp. is similar to Diearinella
bieonvexa bieonvexa SAMUEL and SALAJ and Diearinella bieonvexa gigantea SAMUEL and SALAJ

in length and differs from those species in having a more circular outline in the equatorial' plane,
in being almost planiform against the strongly biconvex test of D. bieonvexa bieonvexa and
D. bieonvexa gigantea, in possessing fewer chambers in the final whorl, and in having more
strongly developed, raised, beaded double keel than that of D. bieonvexa bieonvexa and D. bicon­
vexa gigantea. Diearinella sp. differs from Diearinella imbrieata (MORNOD) in having a different
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arrangement of chambers in the final whorl and in possessing biconvex test compared with the
convexo-concave test ofDicarinella imbricata (MORNOD). Dicarinella sp. differs from Dicarinella
cf. concavata (BROTZEN) in being larger, in having a biconvex test instead of planoconvex in the
latter species and in having a greater number and a different arangement of chambers in the
final whorl.

Occurrence. - Central Poland (Karsy): Lower Turonian.

Genus Helvetoglobotruncana REISS, 1957
Helvetoglobotruncana helvetica (BOLL!, 1944)

(pI. 21: 8, 9, 10)

1944. Globotruncana helvetica BOLLI; BOLLI, 226, 227, fig. 1: 9-12, pl , 9: 6-8.

1956. Globotruncana helvetica BOLLI; ALEXANDROWICZ, 53, 54, text-fig. 5.
1957. Globotruncana helvetica BOLLI; BOLLI, 56, pI. 13: l a-c,
1966. Praeglobotruncana ? helvetica (BOLLI); CARON, 74, pI. 3: Za-c.
1967. Marg inotruncana helvetica (BOLLI); PESSAGNO, 306, pI. 53: 9-13, pI. 54 : 1-3.

1969. Praeglobotruncana helvetica (BOLLI) ; MOORKENS, 447-448, pl , 1: 3, pI. 2: 6, pI. 3 : 11.

1969. Globotruncana helvetica BOLLI; ROBLES-RAMOS and FLORES-COVARRUBIAS, 81-82, fig. 17: 1-3.
1969. Praeglobotruncana helvetica(BoLLI) ; DOUGLAS, 169-170, pl. 4: 4-5.

1972. Praeglobotruncana helvetica (BOLLI); GAWOR-BIEDOWA, 73-74, pl . 8: 4a--<:.
1976. Praeglobotruncana helvetica (BOLLI); RQBASZYNSKI and LIVIN, pl, 1: 19, 20, 21.

Material. - 13 specimens .
Dimensions (in mm):

ZPAL FXXIlI/184
L W T

0·42 0·39 0·22

Description. ~ Test low trochospiral, planoconvex, consisting of 2-3 whorls; spiral side
nearly flat; inner whorls slightly raised; umbilical side strongly inflated; equatorial periphery
lobate; chambers subglobular and petaloid on spiral side, strongly inflated on umbilical side;
final whorl consisting of 5 chambers increasing gradually in size as added; single keel often
weakened in ultimate chamber; spiral sutures curved, depressed; umbilical sutures radial,
depressed; spiral side nearly smooth; margins and umbilical side beaded to strongly rugose ...
umbilicus wide, deep; primary aperture extraumbilical-umbilical ; portici broken in material
examined.

Remarks. - The Polish specimens often possess weaker developed keels and less strongly
convex chambers on the umbilical side than the holotype. However, these differences are within
the specific variability as defined by BOLL! (1944). The distinctive shape of the test, subglobular
chambers and single keel on the spiral side make H. helvetica easy to identify. Its limitation
to the Lower Turonian qualified it to be a generally accepted Lower Turonian index species.

Occurrence. - Trinidad: Lower Turonian; USA: Turonian ; Switzerland: Turonian;
France: Lower Turonian; Poland - NW Poland: Upper Cenomanian ?-Lower Turonian,
Sudetes: Lower Turonian, Carpathians (Bachowice): ?Upper Cenomanian, Central Poland
(Karsy, Opoczka): Lower Turonian:

.Genus Whiteinella PESSAGNO, 1967
Whiteinella baltica DOUGLAS and RANKIN, 1969

(pl. 23 : 4, 5, 6)

1969. Whiteinella baltica DOUGLAS and RANKIN; DOUGLAS and R ANKIN, 197, fig. 9a-i.
1972. Whiteinella baltica DOUGLAS and RANKIN; H ANzLIKovA, 100, pI. 25 : 8-10.

1974. Whiteinella baltica DOUGLAS and RANKIN; HERB, 733, pI. 5: 7-13 .
1977. Whiteinella baltica DOUGLAS and RANKIN; PETIERS, pl. 3 : 8, 9.

1977. Whiteinella baltica DOUGLAS and RANKIN ; SLITER, 542, pl. 8 : 8, 9, pI. 9 : 1, 2.
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Material. - 25 specimens.
Dimensions (in mm):

71

L W T
ZPAL FXXIII/208 0·21 0·18 0·11
ZPAL FXXIIl/2I0 0·20 0'17 0·10

Description. - Test Iow trochospiral; axiaL periphery rounded; equatorial periphery
strongly lobulate; test consisting of 2 to 2~ whorls; chambers. inflated, subspherical; final
whorl consisting of 4-5 chambers successively regularly increasing in size; sutures radial, de­
pressed; wall coarsely hispid ; umbilicus shallow, wide; primary aperture extraumbilical-umbi­
lical, covered by imperforate flap.

Remarks. - The Polish specimens are almost identical with the DOUGLAS and RANKIN'S
description, differing slightly in the rate of increase of chambers size in the final whorl as com­
pared with the typical material. In the holotype the increase in size is irregular, the ultimate and
penultimate chambers being smaller than the antipenultimate chamber, while in the illustrated
paratypes the .increase in size is regular. As Polish specimens are .characterized by the regular
increase in size of chambers in the final whorl, they are closer to the paratypes than the holotype.

Occurrence. - USA (New Jersey): Lower Santonian; southern Atlantic Ocean: Upper
Santonian; Denmark (Bornholm): Coniacian-Lower Santonian ; Czechoslovakia (Moravia):
Coniacian-Santonian; eastern Indian Ocean: Coniacian-Santonian; Central Poland (Karsy,
Slupia Nadbrzezna, Kol. Slupia Nadbrz., Wesolowka 31, 32, 34, 39): Turonian-Santonian.

Family Globotruncanidae BROTZEN, 1942
Subfamily Globotruncaninae BROTZEN, 1942

Genus Globotruneana CUSHMAN, 1927
Globotruneana area (CUSHMAN. 1926)

(pI. 16 : 4a-e)

1926. Puvinulina area CUSHMAN; CUSHMAN, 23, pI. 3: 1a--c (fide ELLIS and MESSINA, Catalogue Foram.).
1967. Globotruneana area (CUSHMAN) ; PESSAGNO, 321-323, pI. 79: 5-8, pI. 90: 6-8, pI. 96: 7,8,17 (here additional

synonymy).
1965. Globotruneana area (CUSHMAN) ; van HINTE, 20, 21 , pl. 2: 3, pl. 3: 3.
1966. Globotruneana area (CUSHMAN) ; DOUGLAS and SLITER, 107, pl. 2: 6, 7.

part. 1966. Globotruneana eoronata BOLLI; DOUGLAS and SLITER, 109, pl , 5: 5, non pl, 4: 7, 8, non pI. 5: 4.
1969. Globotruneana area (CUSHMAN); DOUGLAs, 176, pl, 9: 1-3, pl. 10: 4-7.
1969. Globotruneana area (CUSHMAN); FUNNELL et al., 28, pI. 2: 11-13, pl . 3: 1-3, fig. 11.
1970. Globotruneana area (CUSHMAN); LONGORIA, 25-28, pI. 3: 1-3, pl. 8: 1-3, pI. 17: 4-6.
1970. Globotruneana area (CUSHMAN) ; TODD, 153, pI. 6: 2-4.
1971. Globotruneana area (CUSHMAN); EL-NAGGAR, pI. 5: g-1.
1972. Globotruneana area (CUSHMAN); BARR, 18, pl. 6: 7a--c.
1972. Globotruncana area (CUSHMAN); HANZLIKOVA, 1~2, pI. 26 : 11-13, pI. 27: 1.
1973. Globotruneana area (CUSHMAN) ; OWEN, 57, pI. 14: 17-19.
1974. Olobotruneana triearinata (QUEREAU); VAPTZAROVA, 44, pI. 2: 23-25, pl, 3: 16-18.
1975. Globotruneana area (CUSHMAN); STAPLETON, pl , 1: 2a--c.
1976. Globotruneana area (CUSHMAN); WRIGHT and APTHORPE, 239, pI. 1: 5.

part . 1976. Globotruneana area (CUSHMAN); IBRAHIM, 81, pI. 3: 1a, b-2,4a, b-5, non pI. 3: 3a, b, c, non pl. 4:
7a, b-8.

Material. ---:. 40 specimens.
Dimensions (in mm):

ZPAL FXXlII/108
L W T

0·46 _0'40 0·21

Description. - Test trochospiral, biconvex; equatorial periphery lobate, axial periphery
angular, truncated with well developed double keel which tends to be inturned umbilically;
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chambers petaloid to crescent-shaped on spiral side, subrectangular on umbilical side; final
whorl consisting of 5-7 chambers increasing slowly in size as added; spiral sutures curved,
thickened, beaded, raised; umbilical sutures slightly curved, raised and occasionally beaded,
with adumbilical and periumbilical extensions on umbilical keel; umbilicus broad, deep;
primary aperture interiomarginal, umbilical; tegiIla with infralaminal and intralaminal supple­
mentaryapertures.

Remarks. - The species described is somewhat similar to Globotruneana ehurehi MARTIN,
differing from the latter in being less spiroconvex and in possessing a more strongly developed
beaded double keel which tends to be inturned umbilically.

Occurrence. - Globotruneana area (CUSHMAN) is one of the most cosmopolitan species
within the Upper Cretaceous planktic foraminifera . USA (Texas, Arkansas, California), Mexico,
Papua New Guinea, Bulgaria: Campanian-Maastrichtian ; W Australia, SW Africa, USSR:
Maastrichtian; N Africa (Libya): Maastrichtian ; Moravia: Upper Campanian-Maastrichtian ;
Austria (Tirol): Lower Maastrichtian ; West Spain: Upper Maastrichtian; Eastern Poland
(Mielnik, Chelm Lub.): Campanian-Maastrichtian; Central Poland (Wesolowka 44, Sulej6w,
Bliskowice, Walowice, Dorotka, Ciszyca Kolonia, Ciszyca Gorna, Lopoczno, Solec, Kludzie,
Chotcza): Campanian-Lowermost Maastrichtian.

Globotruneana bulloides VOGLER, 1941
(pI. 17 : 6, 7, 8)

1941. Globotruncana linnei (d'ORBIGNY)subsp. bulloides VOGLER ; VOGLER, 287, pl, 23 : 32-39 (fide ELLls and MESSINA,
Catalogue Foram.).

1962. Globotruncana marginata (Rsuss): H ERM, 85, pl, 5 : 5.
1962. Globotruncana lapparenti bulloides VOGLER ; HERM, 84, pl , 6 : 6.
1969. Globotruncana bulloides VOGLER; ESKER Ill, pI. 3: 4, 5.
1970. Globotruncana bulloides VOGLER; LONGORIA, 29-32, pl . 3: 4-6, pl, 7: 1-3, pI. 19: 5-6 (here additional

synonymy).
1970. Globotruncana bulloides VOGLER; PORTHAULT, 83, 84, pl, 11 : 20-22.

1975. Globotruncana bulloides VOGLER ; VAPTZAROVA, 24, pl. I: 1, 2, 3.
1976. Globotruncana bulloides VOGLER; IBRAHlM, 88, pl. 5 : 4a, b, 5a, b.
1976. Globotruncana bulloides VOGLER; WRIGHT and APTHORPE, 239, pI. 1: 7.

Material. - 9 well preserved specimens.
Dimensions (in mm):

ZPAL FXXIII/151
L W T

0'38 0·33 0'24

Description. - Test low trochospiral, biconvex, consisting of 2y:!-3 whorls; spiral side
slightly convex, umbilical side almost flat; equatorial periphery lobate, axial periphery rounded;
periphery truncated by widely spaced, well developed, beaded double keel; chambers petaloid
to crescent-shaped, highly vaulted, on spiral side; subrectangular on umbilical side; spiral
sutures curved, weakly beaded; umbilical sutures nearly radial, depressed; chambers ornamented
by pustules and rugosities on both sides; umbilicus wide, deep, pecularly notched spirally and
having a somewhat imbricate appearance peripherally, bordered by a slightly elevated umbilical
shoulder; primary aperture umbilical; tegilla broken in material examined.

Remarks. - The species described was originally designated in thin sections as Globo­
truneana linnei (d'ORBIGNY) subsp. bulloides VOGLER from syntypic series from the Upper
Cretaceous of Indonesia. PESSAGNO (1967) designated the specimen illustrated in figure 33 of
VOGLER (1941) as the lectotype and the specimen in figure 34 as the paralectotype of Globo­
truneana linnei bulloides VOGLER. To establish the external morphology of Globotruneana
bulloides VOGLER, PESSAGNO (1967) studied thin sections of many specimens classified as Globo-



PLANKTIC FORAMINIFERA ZONATION OF POLISH UPPER CRETACEOUS 73

truneana bulloides VOGLER and compared them with the lectotype. The Polish specimens cor­
respond with the specimens illustrated by PESSAGNO (1967).

Occurrence. - USA (Gulf Coast Plain): Upper Santonian-Lower Maastrichtian; Mexico:
Upper Santonian-Lower Maastrichtian; Puerto Rico: Upper Santonian-Upper Maastrichtian;
Western Australia: Lower Maastrichtian; Bulgaria: Campanian; Austria: Upper Campanian­
Lower Maastrichtian; France: Upper Santonian-Campanian; Poland - Eastern Poland:
Campanian-Lower Maastrichtian (Mielnik), Upper Cretaceous (Chelm), Carpathians (Bacho­
wice): ?Turonian- ?Lower Coniacian, Central Poland (Sulejow, Dorotka, Walowice, Lopoczno,
Solec, Chotcza): Upper Santonian-Lower Maastrichtian.

Globotruneana churchi MARTIN, 1964
(pI. 16: 3a-c)

1964. Globotruncana churchi MARTIN; MARTIN, 79, pl. 9 : 5a--{;.
part . 1965. Globotruncana area (CUSHMAN) ; TAKAYANAGI, 209, pI. 22 : 6a--{;, lion pI. 23: 1a-2e.

1966. Globotruncana churchi MARTIN; DOUGLAS and SLITER, 108, pI. 2 : 10, pI. 4: 2.
1968. Globotruncana churchi MARTIN; SLITER, 102, pl. 16: 2.
1969. Globotruncana churchi MARTIN ; DOUGLAS, 177, pI. 8: 1-2 .
1973. Globotruncana churchi MARTIN; SLITER, pI. 2 : 11-13.
1975. Globotruncana churchi MARTIN; VAPTZAROVA, 25, pl. 1: 13, 14, 15.

part . 1976. Globotruncana area (CUSHMAN) ; IBRAHIM, 81, pl . 3: 3a, b, c, non pl, 3: la, b-2, 4a, b-5, non pl. 4: 7a, b-8.

Material. - 8 specimens.
Dimensions (in mm):

ZPAL FXXIII/107
L

0·46
W

0·41
T

0·24

Description. - Test highly trochospiral, spiroconvex, umbilical side slightly concave;
equatorial periphery lobulate, axial periphery truncate, with double keel, occasionally merging
and forming single keel in the ultimate chamber; final whorl consisting of 6-7 chambers in­
creasing regularly in size as added; spiral sutures raised, curved, occasionally beaded; umbilical
sutures slightly curved, nearly radial, slightly raised; aperture interiomarginal; tegilla broken
in material examined.

Remarks. - The Polish specimens differ from the holotype in being a slightly less trocho­
spiral and in possessing 6-7 chambers in the final whorl versus 7-8 chambers in the holotype.
Globotruneana churchi is very similar to Globotruneana area. It differs from the latter in having
more elevated inner whorls on the spiral side.

Occurrence. - USA (California): Upper Santonian-Campanian; Canada (British Co­
lumbia): Campanian; Austria (Tirol): Lower Campanian; Bulgaria: Campanian; Central
Poland (Chotcza, Ciszyca Kolonia): Upper Campanian.

Globotruneana fornieata PLUMMER, 1931
(pI. 18: 5, 6, 7)

1931. Globotruncanafornicata PLUMMER; PLUMMER, 198, pl. 13: 4a--{; (fide ELLIS and MESSINA, Catalogue Foram.).
1968. Globotruncana fornicata PLUMMER; SLITER, 103, pl. 16: 5-7.
1969. Globotruncana fornicata PLUMMER; ESKER Ill, pI. 3: 6, 7.
1969. Globolruncana fornicata PLUMMER; DOUGLAS, 179, pl , 7 : 6.
1969. Globotruncana morozovae VASSILENKO ; DOUGLAS, 184, pl, 7: 4, 5.
1970. Globotruncana fornicata PLUMMER; LONGORIA, 47-51, pl. I : 7-9, pl. 8: 5-6, pI. 17: 1-3 (here additional

synonymy).
1970. Globotruncana fornicata PLUMMER ; PORTHAULT, 82-83, pl, 11: 14-16.
1972. Globotruncana fornicata PLUMMER ; HANZLIKOVA, 106, pI. 28: 6, 7.
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1972. Globotruncana fomicata PLUMMER ; BARR, 20, pl, 7 : 4-5.

1972. Globotruncana fornicata PUJMMER; GOVINDAN, 175, pl, 5: 13-15.
1973. Globotruncana fornicata PLUMMER; OWEN, 58, pl, 15: 13.

. . 1975. Globotruncana fornicata PLUMMER; STAPLETON, pl, 1: 4a--c. .

1976. Globotruncana fornicata forn icata PLUMMER; lBRAHIM, 112 , pl, 6 : 6a, b-;-l1a, b, 12a, b, C, pl . 4: 5a, b-6a, b.

Material. - 19 well preserved specimens.
Dimensions (in mm):

ZPAL FXXlIIj140
L W T

0·36 0·32 0·23

Description. - Test low trochospiral to moderately high trochospiral, spiroconvex,
slightly convex to umbilico-concave; axial periphery angular, truncate by well developed double
keel, usually reflected umbilically, equatorial periphery nearly circular; chambers narrow,
elongated spirally, crescent-shaped and crenulate, strongly overlapping on spiral side; narrow,
elongated, crescentic to comma-shaped, also strongly overlapping on umbilical side; final whorl
consisting of 4-5 chambers increasing slowly in size as added; spiral sutures strongly
curved, raised, beaded; umbilical sutures curved, thickened by adumbilical extension of umbili­
cal keel, continuing further around umbilicus as periumbilical extension; wall initially pustulose,
later smooth on spiral side, slightly pustulose on umbilical side; umbilicus rather broad, ·deep;
primary aperture interiomarginal, umbilical; . tegilla broken in material examined.

Remarks. - G. fomicata is somewhat similar to G. plummerae GANDOLFI, but differs in
possessing more chambers in the final whorl, a smooth wall, and non-inflated chambers on the
spiral side. G. fornicata differs from G. patelliformis GANDOLFl mainly in being less spiroconvex
and in having a founded equatorial periphery.

Occurrence. - USA (California): Campanian;Mexico: Santonian-Campanian; Cuba:
Upper Cretaceous; Papua New Guinea: Upper Santonian-Lower Maastrichtian; India: Cam­
panian-Lower Maastrichtian; South Africa: Lower Maastrichtian; Libya: Campanian-Lower
Maastrichtian; USSR: ?Coniacian-Maastrichtian; Czechoslovakia (Moravia): Lower Cam­
panian; France: Lower Santonian-Campanian; Poland - Eastern Poland: Mielnik - Upper
Campanian, Chelm --: Upper Santonian-Maastrichtian, Central Poland (Wesolowka 41,' 43,
Sulej6w, Bliskowice, Walowice, Dorotka, Ciszyca Kolonia, Ciszyca Gorna, Lopoczno, Wola
Pawlowska, Chotcza): Upper Santonian-Lower Maastrichtian.

Globotruncana lapparenti BROTZEN, 1936
(pl. 19: 4, 5, 6)

1936. Globotruncana lapparenti BROTZEN; BROTZEN, 175-176, pl . 5, fig. 2: a, d, m, n .
1965. Globotruncana linneiana (d'ORBIGNY); TAKAYANAGI, 217, pl. 25 : 6, pl . 26: 2.
1967. GlobotruncanaIapparenti BROTZEN; PESSAGNO, 344-346, pl . 71 : 6-13, pl, 97: 8-9.
1969. Globotruncana linneiana (d 'ORBIGNY); EsKER Ill, pl, 2 : I, 2, 3.
1972. Globotruncana linneiana (d'ORBIGNY); HANZLlKOVA, 107-108, pl. 29 : 6, 7.
1973. Globotruncana lapparenti BROTZEN; OWEN, 59, pl. 16: 9-11.
1975. Globotruncana lapparenti BROTZEN ; VAPTZAROVA, 26-27, pl. I: 16, 18, 19.
1976. Globotruncana lapparenti BROTZEN ; WRIGHT and APTHORPE, 239, pl. 1: 12, 13.
1976. Globotruncana tricarinata (QUEREAU); IBRAHIM, 138, pl. 1: 8-13.

Material. - 17 well preserved specimens.
Dimensions (in mm):

ZPAL FXXlIIj157

ZPAL FXXIIIj159

L W T
0·50 0'44 0·16
0·39 0·30 0·13

Description. - Test Iow trochospiral, flat on umbilical side, flat to slightly convex on
spiral side; chambers petaloid on spiral side, subrectangular on umbilical side, truncated by
a well developed double keel; final whorl consisting of 5-7 chambers; sutures raised, beaded,
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curved; primary aperture interiomarginal, umbilical ; umbilicus moderately large; tegilIa with
infr alaminal and intralaminal accessory apertures, broken in many specimens examined.

Remarks. '- G. lapparenti was described in syntypic series and BROTZEN (1936) cited !lume­
rous specimens figured byde ,LAPPARENT (1918) as the syntypes. To stabilize the taxonomic
status of G. lapparenti, a lectotype (pI. 2: n, 'po 5 in de LAPPARENT, 1918) and a paralectotype
(pI. 2: m, p. 5 in de LAPPARENT, 1918) were selected by PESSAGNO (1967). G. lapparenti is frequent­
ly mistaken with G. linneiana (d'ORBIGNY) although it differs in being much narrower (in aper­
tural and abapertural views) and in having a slightly convex spiral side.

Specimens illustrated as G. linneiana (d'ORBIGNY) by ESKER In (1969, pI. 3: 1, 2; 3),
HANZLIKOVA (1972, pI. 29: 6, 7) and TAKAYANAGI (1965, pI. 25: 6, pI. 26: 2) and as G. tricarinata
(QUEREAU) by IBRAHIM (1976, pl, 1: 8-13) possess a closely spaced double keel so they belong
to Globotruncana lapparenti BROTZEN. PESSAGNO (1967) included G. longilocula GANDOLFI in
G. lapparenti. The chambers on the spiral side of G. longilocula are semilunar, however, whereas
those of G. lapparenti are petaloid, and for this reason I believe that the two forms should be
regarded as separate species.

Occurrence. - USA (California, Gulf Coast Plain): Santonian-Lower Maastrichtian;
Mexico: Upper Santonian-Lower Maastrichtian; Western Australia: Lower Maastrichtian;
Bulgaria : Campanian; Austria : Upper Santonian; Czechoslovakia (Moravia): Santonian­
'Campanian ; ' France : Upper Santonian-Lower Maastrichtian; Sweden: Upper Cretaceous;
Poland - Eastern Poland (Mielnik): Campanian, Carpathians (Bachowice) : ?Turonian-San­
tonian, Central Poland (Wesolowka 40, 41, 42, 43, Bliskowice, Dorotka, Ciszyca Kolonia,
Ciszyca G6rna, Solec, Kludzie, Jarentowskie Pole, Chotcza): Lower Santonian-Lower Maas­
trichtian.

Globotruncana linneiana (d'ORBIGNY, 1839)
(pl, 19: 1, 2, 3)

1839. R osalina linneiana d 'ORBIGNV; d'ORBIGNY, 110, pI. 5 : 100I2 (fide ElLIS and MESSINA, Catalogue Forarn.)
1929. Globctruncana canaliculata (REUSS); WHITE, 282-284, pI. 38 : 3.
1953. Globotrun cana linneiana (d'ORBIG NV) ; SUBBOTI NA, 176-178, pI. 5 : 7-9, pl, 6: 1-4.
1954. Globotruncana lapparent i lapparent i BOlLl ; KsIl\ZKIEWICZ, 274, pl. 31 : 7-9, text-fig. 45, 46.
1956. Globotruncana linneiana (d 'ORBIGNV); BRONNlMANN and BROWN, 540-542, pl. 20 : 13-17, pI. 21 : 16-18.
1962. Globotruncana lapparenti lapparenti BRoTzEN; H ERM, 82, pl. 6 : 2.

part. 1964. Globotruncana llnneiana (d 'ORBIGNV); OLSSON, 166-167, pl . 2 : 6, 8, non pI. 2: i.
1964. Globotrun cana tricarinata (QlJEREAU); OlSSON, 171-172, pl. 5 : 4, 5.
1964. Globotrun cana tricarinata (QlJEREAU); MARTIN, 81, pl, 10: 2. ,

11011 1965. Globotrun cana linneiana (d'ORBIGNV); van HINTE, 23, pl, I: 3.
part. 1965. Globotrun cana linneiana (d'ORDlGNV); T AKAVANAGI, 217, 26: I, non pI. 26: 2, lion pl . 25 : 6.
part. 1966. Globotruncana linneiana (d'ORDlGNV); DOUGLAS and SLlTER, 112, pl , 5 : 6, 8, non pI. 5 : 7, non pI. 4: 4, 6, 9.

1967. Globotrun cana linneiana (d 'ORDlGNV); P ESSAGNO, 346-349, pl, 72: 1-4, 7-9, pl. 97: II-13 .
1968' ,Globotrllll cana tricarinata (Q UEREAU) ; SLlTER, 107, pI. 19: I.
1968. Globotruncana marginata (REUSS); SLlTER, 104, pI. 17: 5.

part. 1969. Globotrun cana pseudolinneiana (P ESSAGNO) ; DOUGLAS, pl . 3: 4, non pl. 3 : 2, 3.
1969. Globotruncana linneiana (d 'OR BIGNV) ; DOUGLAS, 181-182, pI. 3: I.
1970. Globotruncana linneiana (d 'ORBlGNV); LONGORIA, 65-69, pI. 3: 4-6, pI. 7: 19-10, pI. 13: 5-6.

non 1972. Globotruncana linneiana (d 'ORBlGNV); HANzLlKOVA, 107-108, pI. 29 : 6, 7.
1976. Globotruncana linneiana (d 'ORBIGNV); WRIGHT and APTHORE, 239, pl, I: 8. 11.
1976. Globotruncana lapparenti BRoTZEN; IBRAHlM, II9, pI. I: 1-7.

Material. - 65 well preserved specimens.
Dimensions (in mm): '

ZPAL FXXIII/154

ZPAL FXXIII/155

L
0·39

0'40

W
0·34

0·34

T
0'16

0'16
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Description. - Test low trochospiral, double keeled, with broad interkeel area, flat on
spiral and umbilical sides; chamber petaloid on spiral side, subrectangular on umbilical side;
final whorl consisting of 5-7 chambers increasing regularly in size as added; spiral sutures
raised, beaded, curved; umbilical sutures raised, straight to slightly curved, beaded ; umbilicus
moderately large, often flanked by prominent beaded, umbilical shoulder; primary aperture
interiomarginal, umbilical; tegilla with infralaminal and intralaminal accessory apertures.

Remarks. - Numerous transitional specimens to Globotruncana lapparenti BRoTzEN
and Globotruncana obliqua HERM have been observed in the material examined. G. linneiana is
nearly homeomorphic externally with Marginotruncana pseudolinneiana PESSAGNO, differing from
the latter in having a wider-spacer double keel peripherally and in having petaloid chambers
on the spiral side (against slightly crescent-shaped in M. pseudolinneiana). Both species differ
also in the position of the primary aperture.

Occurrence. - Cuba: Upper Cretaceous; Puerto Rico: Late Campanian-Lower Maas­
tr ichtian; USA - New Jersey: Late Maastrichtian, Cal ifornia: Upper Campanian, Gulf
Coast Plain: Campanian; Mexico: Campanian-Lower Maastrichtian; Western Australia:
Lower Maastrichtian; Papua New Guinea: Campanian-Lower Maastrichtian; Libya: Cam­
panian; USSR: Coniacian-Campanian; Poland - Eastern Poland (Chelm): ?Upper Turonian­
Maastrichtian, Carpathians (Bachowice): ?Turonian-Santonian, Central Poland (Wesolowka
40, 41, Sulejow, Ciszyca Kolonia, Lopoczno, Jarentowskie Pole): Upper Santonian-Lower
Maastrichtian.

Globotruncana nothi (BRONNIMANN and BROWN, 1956)
(pl . 20 : 14, 15)

1956. Rugotruncana nothi BRONNIMANN and BROWN ; BRONNIMANN and BROWN, 551, pl. 22: 16-18.
1964. Globotruncana nothi (BRONNIMANN and BROWN); OLSSON, 168, pl. 4 : 9a--<:.
1966. Globotruncana nothi (BRONNIMANN and BROWN); DOUGLAS and SLlTER, 113, pl. 2: 5.
1967. Globotruncana nothi (BRONNIMANN and BROWN); P ESSAGNO, 350, 351, pl, 67 : 4-9, pl. 68 : 6-8, pl . 96: 10.
1969. Globotruncana nothi (BRONNIMANN and BROWN) ; D OUGLAS, 184, 185, pl. 10: 1, 2.
1972. Globotruncana nothi (BRONNIMANN and BROWN) ; HANZLlKOVA, 109, pl, 29: 10.
1973. Globotruncana nothi (BRONNIMANN and BROWN); OWEN, pl . 17: 1-3.
1974. Globotruncana nothi (BRONNIMANN and BROWN) ; VAPTZAROVA, 43, 44, pl . 3: 13, 14, 15.

Material. - 7 specimens.
Dimensions (in mm):

ZPAL FXXIII/166
ZPAL rxxnrns:

L W T
0'56 0·52 0·33
0'53 . 0·51 0'32

Drscriptlon. - Test low trochospiral, biconvex; chambers varying between petaloid
and crescentic on spiral side, subrectangular on umbilical side, truncated by a double keel;
keel rims raised, beaded, often spinose; equatorial periphery lobate, axial periphery truncate;
final whorl consisting of 4~-5 chambers; chambers spinose and rugose spirally; spiral sutures
moderately curved, raised, thickened; umbilical sutures depressed, nearly radial; umbilicus
moderately deep; primary aperture umbilical; tegilla with intralaminal and infralaminal
accessory apertures.

Remarks. - The Polish specimens are almost identical with the holotype, differing only
in having a less lobulate equatorial periphery and a less spinose surface of the wall on the spiral
side.

Occurrence. - USA (California, New Jersey): Upper Campanian-Maastrichtian; Cuba:
Upper Maastrichtian; Papua New Guinea: Lower Maastrichtian ; Czechoslovakia (Moravia):
Campanian-Maastrichtian; Bulgaria: Maastrichtian; Central Poland (Ciszyca): Upper Cam­
paman.
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Globotruncana obliqua HERM, 1965
(pI. 19: 7, 8, 9)

1958. Globotruncana mayaroensis BOLLl ; WITWICKA, 225-226, pI. 18: 36a-<.
1962. Globotruncana sp.; HERM, 85, pl, 4: 6.
1965. Globotruncana Iinneiana (d 'ORBIGNY) obliqua HERM; HERM, 336-338, pl, 8 :. 1-4, fig. 14.
1965. Globotruncana Iinneiana (d'ORBIGNY); van HINTE, 23, pl. I: 3.
1967. Globotruncana loeblichi PESSAGNO ; PESSAGNO, 349-350, pl. 73: 1-4, pI. 97: 10.
1968. Globotruncana obliqua H ERM ; BARR, 316-318, pl , 39 : 5-6.
1972. Globotruncana obliqua HERM; BARR, 22-23, pI. 9: 5-6.
1976. Globotruncana obliqua HERM ; IBRAHlM, 125, pl, 7: 8a, b-l1 a , b.

Material. - 15 specimens,
Dimensions (in mm):

77

L W T
ZPAL FXXIII/160 0·38 0·30 0'\7
ZPAL FXXIlI/161 0·37 0·31 0'18

Description. - Test low trochospiral, planiform, slightly concave on spiral side, lobulate,
truncated by well developed, widely spaced, raised, beaded double keel; test consisting of 2
to 2~ whorls; chambers increasing sharply in size added in the earliest portion, later increasing
in size considerably more gently; chambers petaloid on spiral side, subrectangular on umbilical
side, arranged obliquely in relation to the whorl axis; sutures curved, raised, beaded; umbilicus
broad, covered by tegilla randomly preserved.

Remarks. - G. obliqua is phylogenetically related to G. Iinneiana (d'ORBIGNY), commonly
differing from the latter in the concave nature of its spiral side and the imbricate nature of its
chambers in peripheral view. As Globotruncana loeblichi PESSAGNO possesses well developed all
characteristics of Globotruncana obliqua HERM, it is included in the synonymy of G. obliqua.

Occurrence. - Austria (Tirol): Lower Maastrichtian; USA (Texas), Mexico : Campanian;
Tunis: Upper Campanian-Lower Maastrichtian; Libya: Lower Maastrichtian; France: Cam­
panian; Central Poland (Wesolowka 42, 43, Sulej6w, Dorotka, Ciszyca Kolonia, Lopoczno,
Jarentowskie Pole, Chotcza): Upper Santonian-Lower Maastrichtian.

Globotruncana patelliformis GANDOLFI, 1955
(pl. 20: 13)

1951. Globotruncana contusa (CUSHMAN); BOLLl, 196, pI. 34 : 7-9.
1955. Globotruncana (Globotruncana) contusa (CUSHMAN) subsp. patelliformis GANDOLFI; GANDOLFI, 54, pI. 4:

Za-c,
part . 1964. Globotruncana contusa (CUSHMAN) ; OLSSON, 163, 164, pl . 2: Sa-c, pl . 3: 9a-<, non pi. 3: 6a-<.

1966. Globotruncana contusa patelliformis GANDOLFI ; EL-NAGGAR, 93-95, pl. 8: 1a-< .
part . 1967. Globotruncana contusa (CUSHMAN); PESSAGNO, 330-333, pI. 75: 18-20, pI. 77 : 1-3 , pl . 96 : 11, 13, non pl . 77:

4-6, 7-9, non pI. 78 : 6-8, 9-11, non pI. 92: 10-12, non pI. 96: 14, 15, 16.
1967. Globotruncana caliciformis patelliformis G ANDOLFI ; EL-NAGGAR and HAYNES, 8-10, pI. 1: 1a-<.
1973. Globotruncana patelliformis GANDOLFI ; SMITH and PESSAGNO, 50, 51, pI. 21: 6-8.

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

ZPAL FXXIII/165
L

0·68
W

0·66
T

0·50

Description. - Test highly trochospiral, spiral side strongly convex, umbilical side flat;
equatorial periphery nearly circular with 2 distinct keels, distinctly beaded, except for the
ultimate chamber where keels are poorly marked; chambers narrow, elongate, crenulate and
strongly overlapping, crescentic on spiral side, narrow, elongate, crenulate, subrectangular on
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umbilical side; final whorl consisting of 4 chambers increasing slowly in size as added; sutures
strongly curved, raised and beaded on umbilical side; wall of initial whorls distinctly pustulose,
wall of later whorls smooth; umbilicus very deep, narrow; primary aperture interiomarginal,
umbilical; tegilla broken in material examined.

Remarks. - The Polish specimen is identical with the holotype of G. patelliformis. This
species was often confused with G. contusa (CUSHMAN) ;it differs from the latter in being slightly
smaller, in being less convex spirally, in having a more, nearly circular, peripheral outline and
in lacking pronounced spiral plications.

Occurrence, - Columbia: Maastrichtian; USA (Texas, Arkansas, New Jersey): Maas­
trichtian; Egypt: Middle and Late Maastrichtian; Central Poland (Chotcza): Lower Maastrich­
tian.

Globotruncana pessagnoi LONGORIA, 1973
(pl, 20: 6, 7, 8)

1973. Globotruncana pessagnoi LONGORIA; LoNGORIA, 97-100, pl, 1: 1-9 .

Material. - 16 well preserved specimens.
Dimensions (in mm):

ZPAL FXXJII/168
ZPAL FXXlII/169

L W T
0·33 0·27 0·18
0·29 0·24 0·16

Description. - Test trochospiral, biconvex; chambers petaloid on spiral side, subrectan­
gular on umbilical side, truncated by umbilically reflected, weakly developed double keel;
final whorl consisting of 5~ to 6 chambers increasing regularly in size as added; spiral sutures
curved, beaded; umbilical sutures radial, depressed; umbilicus narrow, deep; primary aperture
interiomarginal, umbilical; tegilla broken in material studied.

Remarks. - The specimens described correspond well with the holotype. There is a slight
difference in the shape of the chambers on the umbilical side, these being subrectangular rather
than subtrapezoidal as in the holotype.

Occurrence. - USA (Texas), Mexico: latest Campanian-earliest Maastrichtian; Central
Poland (Sulejow, Ciszyca Kolonia, Ciszyca Gorna, Wola Pawlowska, Solec): Upper Campanian.

Globotruncana plummerae GANDOLFI, 1955
(pl, 17: I, 2, 3)

1955. Globotruncana fornicata PLUMMER subsp. plummerae GANDOLfI; GANDOLfI, 42, pl, 2: 3a--c, 4a--c.
part. 1955. Glabotruncana fornicata PLUMMER subsp. ackermani GANDOLfI; GANDOLFI, 42, pl, 2: 5a--c, non pl. 2: 6a--c,

7a--c.
1967. Globotruncana plummerae GANDOLFI; PESSAGNO, 351, 351, pl. 66: 3-8.
1973. Globatruncana plummerae GANDOLFI; SMITH and P ESSAGNO , 51, pI. 21: 9-11.
1976. Globotruncana plummerae GANDOLFI; IBRAHIM, 126, pl , 4: l3a, b, pI. 5: 6a, b-7, 8a, b.

Material. - 19 specimens.
Dimensions (in mm):

ZPAL FXXJII/146
ZPAL FXXlII/147

L W T
0'46 0·37 0·24
0·46 0·40 0·26

Description. - Test trochospiral, biconvex; equatorial periphery lobate, axial periphery
rounded; chambers semilunar, highly vaulted on spiral side, subrectangular on umbilical side,
truncated by umbilically reflected double keel; final whorl consisting of 4 chambers, wall of the
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first chamber is ornamented by nodules of different size; spiral and umbilical sutures depressed,
slighty curved; umbilicus small, deep; primary aperture umbilical; tegiIla broken in material
examined.

Remarks. - G. plummerae is somewhat similar to G. fornicata PLUMMER in possessing the
elongated semilunar chambers on the spiral side and subrectangular on the umbilical side and
the umbilically reflected double keel. It differs from the latter species in possessing vaulted,
spinose chambers spirally and in weakly marked, often slightly depressed, curved sutures both
on the spiral and umbilical sides.

Occurrence. - Columbia: Campanian; USA, Mexico: UpperCampanian-Lower Maas­
trichtian; Austria (Tirol): Santonian-Lower Maastrichtian; Central Poland (Sulej6w, Walowice,
Dorotka, Ciszyca, Lopoczno, Wola Pawlowska, Dziurkow): Upper Campanian-Lower Maas­
trichtian.

Globotruncana pozaryskae sp. n.
(pI. 20: I, 5, 9, 10, 11, 12)

Holotype : ZPALFXXlII/174; pl. 20, fig. 1.
Type horizon : Upper Campanian.
Type locality: Ciszyca G6rna.
Derivation of the name: dedicated to Professor KRYSTYNA POZARYSKA, a 'Polish micropaleontologist.
Diagnosis: Test low trochospiral, planiform both spirally and umbilically , bordered by weakly developed, wide,

double keel of linneiana type. Initial chambers globular; in later portion inflated, petaloid on spiral side, subrectangular
on umbilical side. Wall nodulose throughout. .

Material. -:- 16 well preserved specimens.
Dimensions (in mm):

L W T
ZPAL FXXIII/174 0·33 0·30 0·18
ZPAL FXXIII/178 0·38 0·35 0·20

Description. - Test low trochospiral, planiform both spirally and umbilically, truncated
peripherally by wide, weakly developed double keel of linneiana type; periphery lobulate;
test consisting of2~ to 3 whorls; early chambers globular; final whorl consisting of 5-6 cham­
bers increasing rapidly in size; chambers petaloid; slightly inflated on spiral side; subrectangular
on umbilical side; spiral sutures curved; wall finely perforate, nodulose throughout; first
chambers of final whorl intensively ornamented, without keels that appear on terminal chambers;
umbilicus wide, shallow, bordered by a weakly developed umbilical shoulder; tegilla with
infralaminal and intralaminal accessory apertures. -

Remarks. - G. pozaryskae sp. n. is somewhat similar to G. hilli PESSAGNO but differs
from it in that the chambers of the final whorl are successively sharply larger, in the well de­
veloped nodule ornamentation on the whole wall and in having more convex chambers on
the spiral side; equivalent chambers of G. hilli are flat or even slightly concave.

Occurrence. - Central Poland (Ciszyca Gorna, Chotcza): Upper Campanian-Maastrich-
tian.

Globotruncana ventricosa WHITE, 1929
(pI. 18: la-e)

1929. Globotruncana canaliculata var . ventricosa WHITE; WHITE, 284, pI. 38: 3a-e.
1965. Globotruncana ventricosa WHITE; TAKAYANAGI, 226, pI. 29: 1.

part. 1968. Globotruncana ventricosa WHITE; SUTER, 107, pI. 18: 7, non pl, 18: 8.
1968. Globotruncana ventricosa WHITE; BARR, 319, pI. 40 : 3a-e.
1969. Globotruncana ventricosa WHITE; DOUGLAS, 188, nl, 7: I, 3.
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1970. Globotruncana ventricosa WHITE; LONGORIA, 82-85, pI. 1: 1-3, pI. 8 : 4, 7-8, pI. 16: 6 (here additional
synonymy).

1972. Globotruncana ventricosa WHITE; BARR, 25-26, pl. 8: Sa-c,
1972. Globotruncana ventricosa WHITE; HANZLIKOVA, 113, pI. 31: 5-7.
1973. Globotruncana ventricosa WHITE; OWEN, 61, pl. 19: 4-6.
1975. Globotruncana ventricosa WHITE; VAPTZAROVA, 28, 29, pI. 2: 13, 14, 15.
1976. Globotruncana ventricosa WHITE; WRIGHT and APTHORPE, 240, pI. 2 : 8, 9, 12.

Material. - 9 specimens.
Dimensions (in mm):

ZPAL FXXllI/134
L W T

0·66 0'40 0·35

Description. - Test trochospiral, planoconvex, spiral side flat or slightly convex, umbilical
side strongly convex; periphery truncated by well developed closely spaced double keel; cham­
bers typically planiform, petaloid to crescentic on spiral side ; highly convex, crudely subrectan­
gular on umbilical side; spiral sutures curved, raised, coarsely beaded; umbilical sutures slightly
depressed, curved, finely beaded to non-beaded; umbilicus deep, bordered by well developed
often coarsely beaded umbilical shoulder; primary aperture interiomarginal, umbilical, covered
by tegilla with infralaminal and intralaminal accessory apertures.

Remarks. - Polish specimens have many characters in common with the holotype, from
which they differ slightly in having a less convex umbilical side and more closely spaced keels.

Occurrence. - Trinidad: Campanian; Haiti: Campanian; USA (Texas, Arkansas,
California) : Campanian ; Mexico: Campanian; Western Australia: Upper Campanian; Papua
New Guinea: Upper Santonian-Lower Maastrichtian; Libya: Campanian-Lower Maastrich­
tian; Bulgaria: Campanian; Austria: Campanian-Lower Maastrichtian; England: Campanian;
Czechoslovakia (Moravia): Lower Campanian; Central Poland (Wesol6wka 44, 45, Sulej6w,
Ciszyca G6rna, Lopoczno): Upper Campanian.

Globotruncana sp.
(pl . 18: 2, 3, 4)

Material. - 6 specimens.
Dimensions (in mm):

ZPAL FXXlIJ/137
ZPAL FXXlII/138

L W T
0'41 0·31 0·18
0·33 0·27 0·15

Description. - Test trochospiral, biconvex, truncated by well developed, widely spaced,
beaded double keel; chambers semilunar, flat on spiral side, subrectangular on umbilical side;
final whorl consisting of 4 chambers increasing sharply in size as added; peripheral margins of
chambers of final whorl on spiral side distinctly reflected umbilically; spiral sutures curved,
raised, beaded, umbilical sutures slightly depressed, curved to slightly radial; spiral side orna­
mented by nodules and spines occurring in some parts of central portion of wall, on spiral side
with exception of ultimate chamber which is smooth; umbilical side smooth; umbilicus rather
broad, bordered by slightly elevated umbilical shoulder; primary aperture umbilical; tegilla
broken in material examined.

Remarks. - Globotruncana sp. differs from Globotruncana lunaris MASTERS in having
a smaller test without the characteristic nonperforated lunar surface on spiral side. Globo­
truncana sp. differs from Globotruncana plummerae GANDOLFI in possessing highly arched cham­
bers spirally and usually raised beaded sutures spirally.

Occurrence. - Central Poland (Ciszyca G6rna): Upper Campanian.
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Globotruneana sp.,
(pI. 19: 10, 11, 12)

Material. - 19 specimens .
Dimensions (in mm):

81

ZPAL FXXIII/143
ZPAL FXXIII/144

L W T
0·52 0·39 0·25
0'50 0·38 0·25

Description. - Test trochospiral, medium in size, consisting of 2%-3 whorls, truncated
by closely spaced, weakly developed double keel ; chambers inflated, petaloid ; final whorl
consisting of 6-7 chambers increasing gradually and irregularly in size as added; ultimate
chamber often smooth and smaller than penultimate one, reflected umbilically; keels often
barely developed or even absent; spiral sutures curved, depressed; umbilical sutures radial,
depressed; spiral side ornamented by rare, high spines, mainly in the older part of test but not
in terminal chambers; primary aperture umbilical; tegilla with infralaminal and intralaminal
accessory apertures.

Remarks. - Globotruneana sp., resembles Globotruneana nothi BRONNIMANN and BROWN,
from which it differs in having irregular increase of chamber size, a greater number of chambers
in the final whorl, and different development of the ultimate chamber that is smaller than
penultimate one, without keel and umbilically reflected.

Occurrence. - Central Poland (Ciszyca Kolonia): Campanian.

Globotruncana SP'2

(pI. 19: 10-12)

Material. - 14 specimens.
Dimensions (in mm):

ZPAL FXXIII/131
L W T

0'40 0·32 0·17

Description. - Test biconvex, medium in size, consisting of 2 to 2% whorls; chambers
inflated, petaloid on spiral side, subrectangular on umbilical side; final whorl consisting of
6 chambers increasing moderately in size as added; sutures curved, beaded on spiral side;
in central parts of chambers nonperforated wall ornamented by nodules on spiral side;
double keel distinctly developed on umbilical side forming periumbilical shoulder; umbilicus
narrow, deep; primary aperture umbilical; tegilla broken in material examined .

Remarks. - Globotruncana SP'2 differs from Globotruncana area (CUSHMAN) in having
a less convex spiral side, a nonperforated wall ornamented by nodules, and in the different
position of keels on the peripheral margin of the test. It differs from Globotruncana bulloides
VOGLER in having less convex chambers on the spiral side, a nonperforated wall ornamented
by nodules on the spiral side, and in the different position of its keels relat ive to the peripheral
margin of the test.

Occurrence. - Central Poland (Ciszyca Kol.): Upper Campanian.

Genus Archaeoglobigerina PESSAGNO, 1967
Arehaeoglobigerina blowi PESSAGNO, 1967

(pI. 21: 1, 2, 3)

1967. Archaeoglobigerina blowi PESSAGNO; PESSAGNO, 316, pI. 59; 1-10, pI. 94: 2, 3.
1971. Rugoglobigerina (A rchaeoglobigerina) blowi (PESSAGNO); EL-NAGGAR, pl. 4 : a-c.

6 - Palaeontologia Polonica No. 41
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Material. - 23 well preserved specimens.
Dimensions (in mm):

ZPAL FXXIII/180
L

0'44
W

0·34
T

0·17

Description. - Test trochospiral, spiral side slightly convex, strongly lobulate peripherally;
periphery truncated by 2 weakly developed keels; chambers spherical, nearly as long as wide;
final whorl consisting of 4-5 chambers increasing sharply ,in size as added; spiral sutures de­
pressed, oblique; umbilical sutures radial to somewhat curved; umbilicus medium-sized;
primary aperture umbilical ; tegiIIa broken in material examined.

Remarks. - A. blowi differs from A. cretacea (d'ORBIGNY) in possessing more spherical
chambers, in showing a sharper rate of increase in chamber size, and a more lobulate periphery.

'Occurrence. - USA (Texas): Coniacian-Santonian; Mexico: Campanianr X'entral
Poland (Wesolowka 32, 33, 39, 42): Coniacian-Santonian. '

Archaeoglobigerina bosquensis PESSAGNO, 1967
(pI. 21 : 11, 12, 13)

1967. Arehaeoglobigerina bosquensis PESSAGNO; PESSAGNO, 316; 317, pl, 60 : 7-12.

1969. Archaeoglobigerina bosquensis PESSAGNO; DOUGLAS and RANK'IN, 199, 200 , fig. 10.

1970. Arehaeoglobigerina ef. blowi PESSAGNO ; NORTH and CALDWELL, 50, 51, pl . 4 : 5a-b.
1973. Arehaeoglobigerina bosquensis PESSAGNO; NORLING, 110, Ill ; pl . 6: 1-2.
1974. Arehaeoglobigerina bosquensis PESSAG NO; H ERB, 753, pl. 5 : 1-6.
1977. Archa eoglobigerina bosquensis PESSAGNO ; SLITER, 542, pl. '9 : 3-5.

Material. - 6 specimens.
Dimensions (in mm):

ZPAL FXXIII/185

ZPAL FXXIIJ/187

L
0·28

0'28

W T
0· 24 0·12
0·24 0·12

, Description. - Test highly trochospiral, lobulate; chambers subspherical; final whorl
consisting of 5-6 chambers; sutures depressed, radial; wall ornamented by nodules of different

, size; primary aperture umbilical.
Remarks. - A. bosquensis differs from A. blowi PESSAGNO in being higher spiral, in having

a less lobulate periphery, a thicker ornamentation and in lacking keels or imperforate peripheral
bands.

Occurrence. - Southern Atlantic Ocean : Upper Santonian ; USA: Coniacian-Santonian;
Canada: Upper Campanian; South Sweden: Coniacian-Santonian; Denmark (Bornholm):Co­
niacian-Santonian; Central Poland (Wesolowka 32, 33, 37, 39, 42, Dorotka): Santonian-Upper
Campanian.

Archaeoglobigerina cretacea (d'ORBIGNY, 1840)
(pl , 21: 5, 6, 7)

1840. Globigerina eretaeea d'ORBIGNY; d 'ORBIGNY, 34, pl . 3: 12-14 (fide ELLIS and MESSINA, Catalogue ' Foram.).

1954. Globotruneana globigerinoides BROTZEN ; K SI.o\ZKIEWICZ, 280, pl , 30 : 2, 3, text-fig. 56, 57.
1956. Globotruncana saratogensis (ApPLIN); BRONNIMANN and BROWN, 544, pl, 21: 13-15.
1962. Globotruneana globigerinoides BROTZEN; HERM, 80, pl , 5 :6.
1964. Globotruncana mariai G ANDOLFI ; MARTIN, 82, pI. 9 : 7a--{;.

1965. Globotruneana marginata (REUss); va n HINTE, 23, pl . 1: 2.
part . 1971. Rotundina eretaeea (d 'ORBIGNY); BELLIER, 87-88, pI. 1 : 1, 2, non pl . 1: 3.

1972. Globotruncana marginata (REUss) ; GOVINDA N, 179-180, pl . 4 : 10-12.
1972. Globotruneana eretaeea (d'ORBIGNY); HANZLIKOWA, 105, pl , 28: 3-5.
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1975. Globotruncana globigerinoides BROTZEN; VAPTZAROVA, 26, pl , 1:.7, 8, 9.
1976. Globotruncana cretacea (d'ORBIGNY); IBRAHlM, 103, pl . 5: l Oa-c, ­
1977. Archaeoglobigerina cretacea (d 'ORBIGNY); RODRIGUEZ, 72-77, pl . 4: 1-2.

Material. - 9 specimens.
- Dimensions (in mm): -

83

L W T
ZPAL FXXIII/181 0·35 0·31 0·13

Description. - Test low trochospiral, consisting of 2~-3 whorls; equatorial periphery
lobate; chambers subspherical; final whorl consisting of 5-6 chambers successively increasing
in size with the exception of the ultimate chamber that is somewhat smaller than the penultimate
one; spiral sutures curved, depressed; umbilical sutures radial, depressed ; periphery occasionally
with weakly developed doublekeel; wall coarsely hispid, in ultimate chamber less than in others;
umbilicus wide, deep; primary aperture umbilical; tegilla with infralaminal and intralaminal
accessory apertures.

Remarks. - A. cretacea differs from A. bosquensis PESSAGNO in being a more delicately
ornamented and in possessing a better developed double keel.

• . • I

Occurrence. - India: Upper Campanian-Lower Maastrichtian; Bulgaria: Campanian;
Austria: Campanian-Maastrichtian; France: Turonian; Czechoslovakia (Moravia): Santonian­
Lower Campanian; Poland - Mielnik: Campanian-Lower Maastrichtian, Chelm: Upper
Turonian-Campanian, Central Poland (Wesolowka 38, 39, 40, 42, 43, Dorotka): Coniacian­
Campanian; Carpathians (Bachowice): Upper Turonian-Coniacian.

Genus Globotruncanita REISS, 1957
Globotruncanita elevata (BROTZEN, 1934)

(pl, 20: 2, 3, 4)

'1934 .: Rotalia elevata BROTZEN;BROTZEN, 66, pl, 3 : c (fide ELLIS and MESSINA, Catalogue Foram.).
1963. Globotruncana elevata (BROTZEN) ; GRAHAM and CHURCH, 63, pl, 7: 13a--<:.
1966. Globotruncana elevata -(BROTZEN); DOUGLAS and SLITER, 1I0, pI. 3 : 2.
1968. Globotruncana elevata (BROTZEN); SLITER, 102, pI. 16 : 3.
1969. Globotruncana elevata (BROTZEN); ESKER Ill, pI. 2 : 16, 17, 18.
1969. Globotruncana elevata (BROTZEN); DOUGLAS, 179, pI. I: 6.
1970. Globotruncana elevata (BROTZEN); LONGORIA, 43-47, pI. 6: 7-9, pl. 11 : 7, pl. 18: 5, pI. 19: 4 (here additional

synonymy).
part. 1970. Globotruncana elevata (BROTZEN) ; KUHRY, 292-295, pl. I: 1-3 (Iectotype), fig. 1 (three views), 4a-'-b, 4e-f,

4g-h, non pI. I : 4-6, 7-9, non fig. 4c-d.
1972. Globotruncana elevata (BROTZEN); CARON, 554, pI. I: I, fig. 3a.
1972. Globotruncana elevata (BROTZEN); BARR, 20, pI. 6: 5 a-c.
1973. Globotruncana elevata (BROTZEN); OWEN, pl , 16: 3-5.
1973. Olobotruncana elevata (BROTZEN) ; SMITH and PESSAGNO, 47, 48, pl. 19: 1-3, 4-6.
1975. Globotruncana stuartijormis DALBIEZ; STAPLETON, pI. 1 : 1a--<:.
1975. Globotruncana elevata (BROTZEN); VAPTZAROVA, 25, pl, 1: 4, 5, 6.

Material. - 8 specimens.
Dimensions (in mm):

ZPAL FXXIII/17l
L

0·40
W

0·34
T

0·24

Description. - Test trochospiral, planoconvex, umbilicoconvex, flat to slightly concave
spiral side with an elevation in the centre, consisting of 3 whorls; equatorial periphery rounded,
slightly lobulate; the angle between umbilical and spiral sides of chambers is 80-90° in the
ultimate chamber and 60-70° on the opposite side of final whorl; chambers petaloid on spiral
side, subrectangular on umbilical side; final whorl consisting of 5-7 chambers successively
6'
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slightly larger in size, truncated by well developed, beaded, single keel; spiral sutures curved,
raised, nodose; umbilical sutures curved, beaded; wall finely perforate, smooth except for the
earliest chambers of the final whorl which are often rugose; umbilicus small, deep; primary
aperture umbilical; tegilla broken in material examined.

Remarks. - KUHRY (1970) studying the type material of Globotruncanita elevata (BROT­
ZEN) stated that slides labelled Rotalia elevata and Globotruncana elevata contain specimens
belonging to several species. He showed also that slides A 264 NR and A 266 NR labelled
Rotalia elevata contain the original type material. Because BROTZEN in his paper did not show
the holotype, 4 specimens present in the slide can be regarded as syntypes. One of the syntypes
possessing all the important characteristics of the BROTZEN'S type figure and corresponding to
most micropaleontologists' images of that species, was chosen as the lectotype of Globotruncanita
elevata (BROTZEN). At the same time KUHRY (1970) included in the synonymy of that species
the following: Globotruncanita andori (DE KLASZ), Globotruncanita stuartiformis (DALBIEZ)
and Globotruncanita subspinosa (PESSAGNO). KUHRY (1970) stated after examination of the type

. material of Globotruncanita elevata (BROTZEN) that the differences between Globotruncanita
elevata (BROTZEN) and Globotruncanita andori (DE KLASZ) as' given by the creator of the
latter species do not exist and are the result of the simplified illustration given by BROTZEN
(1934). Including Globotruncanita stuartiformis (DALBIEZ) and Globotruncanita subspinosa
(PESSAGNO) in the synonymy of Globotruncanita elevata (BROTZEN), KUHRY (1970) argued that
they are linked by a continuous series of transitional forms and represent one species.

I agree with CARON (1972) that "any planktic foraminiferal species is linked to others by
transitional forms, whenever sufficiently rich and well-preserved assemblages are examined".
As was evidenced by CARON (1972), the distinct morphological differences in the test structure
and their different stratigraphical range enable us to treat them as 3 different species.

In Central Poland Globotruncanita elevata (BROTZEN) was found in the chalk from the
uppermost Lower Maastrichtian. Possessing a flat to slightly concave spiral side with an eleva­
tion in the centre, the highly convex umbilical side and a characteristic large angle between the
spiral and umbilical sides in the ultimate chamber, it possesses all the diagnostic features typical
of that species.

Occurrence. - USA, Mexico: Campanian-Maastrichtian; Papua New Guinea: Upper
Santonian; Israel: Lower Campanian; Libya: Campanian-Lower Maastrichtian; South Africa:
Campanian-Lower Maastrichtian; Bulgaria: Campanian; Central Poland (Chotcza): Lower
Maastrichtian.

Subfamily RugogIobigerininae SUBBOTINA, 1953
Genus Rugoglobigerina BRONNIMANN, 1952

Rugoglobigerina hexacamerata BRONNIMANN, 1952
(pI. 22: 6, 7)

1952. Rugoglobigerina reicheli hexacamerata BRONNlMANN; BRONNIMANN, 23-25, pI. 2: 10-12, fig. 8: a-m.
1967. Rugoglobigerina hexacamerata BRONNIMANN; PE SSAGNO, 364-365, pl. 74: 4, pl, 91: 5-7.
1971. Rugoglobigerina hexacamerata BRONNIMANN; EL-NAGGAR, 485-486, pl. 9: 1-3, 5-12, pI. 10: 1-2 .
1972. Rugoglobigerina hexacamerata BRONNIMANN, BARR, 28-29, pl, 9 : 6a-c.
1973. Rugoglobigerina hexacamerata BRONNIMANN; OWEN, 63, pl, 20: 4-6.

Material. - 4 specimens.
Dimensions (in mm):

L W T
ZPAL FXXlII/194 0'24 0·20 0·10

Description. - Test low trochospiral, spiral side slightly convex with weakly depressed
central part, umbilical side planiform; equatorial periphery circular, lobate; axial periphery
rounded: test comprises 3 to 1 % whorls: chambers spherical; final whorl consisting of 6 cham-
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bers increasing slowly in size as added, ultimate chamber very often smaller than penultimate
one; wall covered by meridionally arranged rugosities except terminal 2 or 3 chambers which
are commonly smooth: spiral sutures depressed, radial ; umbilical sutures radial to slightly
curved; umbilicus small, deep; primary aperture umbilical; spiral system of tegiIIa.

Remarks. - R. hexacamerata somewhat resembles Rugoglobigerina pennyi BRONNIMANN
but differs from it in being smaller, less trochospiral and spiroconvex, much narrower in apertural
view and in having less well developed rugosities on 2-3 terminal chambers.

Occurrence. - Trinidad: Upper Maastrichtian ; USA (Texas, Arkansas): Middle-Upper
Maastrichtian; Mexico: Upper Maastrichtian; Papua New Guinea: Lower Maastrichtian;
Egypt: Middle-Upper Maastrichtian; Libya: Upper Maastrichtian; Austria (Tirol): Uppermost
Maastrichtian; Central Poland (Boiska, Kazimierz): Maastrichtian.

Rugoglobigerina macrocephala BRONNIMANN, 1952
I (pl, 22: 12, 15, 16)

1952. Rugoglobigerina macrocephala macrocephala BRONNIMANN ; BRONNIMANN, 25-27, pI. 2: 1"'(), fig. 9: a-so
1961. Rugoglob igerina macrocephala macrocephala BRONNIMANN ; CORMINBOEUF, 117, 118, pl. 2: 3a-c.
1961. Rugoglobigerina macrocephala ornala BRONNI~ANN; CORMINBOEUF, 118, pl. 2: 4a-c.

non 1962. Rugoglobigerina macrocephala macrocephala BRONNIMANN; HERM, 58, pl . 3: 1.
1972. Rugoglobigerina macrocephala BRONNIMANN; GOVINDAN, 174, pl, 3: 4-6, 19-21.
1973. Rugoglobigerina macrocepha/a BRONNIMANN; SMITH and PESSAGNO, 56-57, pI. 23: 1-3,7-10 (here additional

synonymy).
non 1973. Rugog/obigerina macrocephala BRONNIMANN ; OWEN, 63, pI. 20: 7-9.
non 1974. Rugoglobigerina macrocephala BRONNIMANN ; VAPTZAROVA, 46, pI. 4: 4, 5, 6.

1975. Rugog/obigerina macrocephala BRONNIMANN ; STAPLETON, pl . 2: Ba-c,
non 1977. Rugoglobigerina macrocepha/a BRONNIMANN ; HAMAM and HAYNES, 56, pI. 2:7-8.

Material. - 6 specimens.
Dimensions (in mm):

ZPAL FXXlII/196
L W T

0·34 0·20 0·20

Description. - Test very low trochospiral, consisting of 3 to 3% whorls; equatorial
periphery lobate, axial periphery broadly rounded; chambers globular, subspherical; final
whorl consisting of 3-4 chambers increasing rapidly in size as added; ultimate chamber consti­
tutes almost a half of whorl and occupies a position opposing other chambers of the whorl;
sutures depressed, radial; wall covered by meridionally arranged rugosities; umbilicus rather
small; primary aperture interiomarginal, umbilical; tegilla with infralaminal and intralaminal
accessory apertures.

Remarks. - It is probable that R. macrocephala descends from R. rugosa (PLUMMER);
transitional individuals have been observed. Four-chambered specimens were often included in
Rugoglobigerina macrocephala (e. g., OWEN, 1973, pI. 20: 7-9, VAPTZAROVA 1974, pI. 4: 4, 5, 6,
HAMAM and HAYNES 1977, pI. 2: 7-8) but as their successive chambers do not increase in size
so sharply, they lack a trilobate equatorial periphery and the ultimate chamber is not placed in
opposition to other chambers, they should be instead included in Rugoglobigerina rugosa
(PLUMMER).

Occurrence. - Trinidad: Maastrichtian; USA (Arkansas, Texas), Mexico: Middle­
Upper Maastrichtian; India: Middle-Upper Maastrichtian; South Africa: Middle-Upper
Maastrichtian; Egypt: Maastrichtian; Central Poland (Kazimierz, Bochotnica): Upper Maas­
trichtian.
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Rugoglobigerina milamensis SMITH and PESSAGNO, 1973
(pl. 22: I, 5, 9)

part . 1962. Rugoglobigerina rugosa (PWMMER); BERGGREN, 71-75, pI. 11: 3a-5a-b, non pl. 11: I a-b, 2, 4a-c, non fig. 8.
part. 1964. Rugoglobigerina rugosa (PWMMER); OLSSON , 173, pI. 7: 3a-c, 4a-c, non pI. 7 : 2a-c, 5a-c. '
part. 1966. Rugoglobigerina rotundata BRONNIMANN ; DOUGLAs, and SLlTER, 116, pl. I : 5a-c, non pl. I : 6a-c.

1973. Rugoglob igerina milamensis SMITH and PESSAGNO; SMITH and PESSAGJ\O, 56, 57, pI. 24 : 4-7.
1974. Rugoglobigerina rugosa (PWM'MER); VAPTZAROVA, 44, 45, pl. 3: 19-21 ; 22-24 .
1975. Rugoglobigerina rugosa (PLUMMER); STAPLETON, pl. 2: 7a-c.

Material. - 11 specimens.
Dimensions (in mm):

ZPAL FXXIII/188
L W T

0·36 0·33 0·24

Description. - Test high trochospiral, consisting of 2 to 3 whorls; equatorial periphery
subcircular, lobate; chambers spherical to subspherical, slightly elongated axially in. apertural
view; final whorl consisting of 5 to 6 chambers increasing only slightly in size as added; ultimate
chamber slightly offset umbilically; sutures radial, depressed; wall strongly ornamented with
costellae but ornamentation not clearly developed in a meridional pattern; ornament on ultimate
chamber weaker than on preceding chambers; umbilicus large, deep; primary aperture umbilical;
tegiIla with infralaminal and intralaminal accessory apertures.

Remarks. - The specimens described are richly ornamented, but the ornamentation is
not so clearly developed in a meridional pattern as that observed in the holotype. In Polish
specimens chambers of the final whorl are less elongated axially than in the holotype.

R. milamensis differs from Rugoglobigerina pennyi BRONNIMANN in having a higher spiral
side and chambers not so strongly elongated axially in apertural and adapertural views. The
specimens figured by BERGGREN (1962, pI. 11 : 3a-<:, Sa-c), OLSSON (1964, pI. 7 : 3a-<:, 4a-<:),
VAPTZAROVA (1974, pI. 3: 19-21,22-24) and STAPLETON (1975, pI. 2: 7a-c) as R. rugosa belong
to R. milamensis because those specimens appear to be strongly trochospiral and spiroconvex and
possess chambers elongated axially in apertural view. The specimen figured by DOUGLAS and
SLITER (1966, pI. 1: 5\a-<:) as Rugoglobigerina rotundata BRONNIMANN is strongly spiroconvex
and its chambers are not elongated axially and is therefore included here in R. milamensis.

Occurrence. - USA (New Jersey, California, Texas, Arkansas): Maastrichtian; South
Africa: Maastrichtian; Bulgaria: Upper Campanian-Lower Maastrichtian; Denmark: Maas­
trichtian; Central Poland (Solec, Kludzie, Boiska, Kazimierz, Bochotnica): Maastrichtian.

Rugoglobigerina pennyi BRONNIMANN, 1952
(pl, 22: 10, 11, pl. 12: 6)

1'952. Rugoglobigerina rugosa pennyi BRONNIMANN ; BRONNIMANN, 34, pl. 4: 1-3, fig. 14a-c, d-f, g-i,
1962. Rugoglobigerina pennyi; BERGGREN, 75, pl . 12: I a-c, 2a-c, 3a-c.

part. 1966. Rugoglobigerina rotundata BRONNIMANN and BROWN ; D OUGLAS and SLlTER, 116, pl . 1: .6a-c, non pl. I: 5a-c.
part. 1971. Rugoglobigerina (R .) pennyi BRONNIMANN; EL-NAGGAR , 488-489, pI. .8: 1, non pl. 8: 2, .pl. 9 :. 4, ·13, 15, 16,

non pl. 9: 14; pl. 17: 12, non pl, 6: 19, non pl. 11: 1-10.
1972. Rugogloblgerina pennyi BRONNIMANN; GOVINDAN, 174, pI. 3: 7-9.

part: 1972. Rugoglobigerina pennyi BRONNIMANN; HANZLIKOVA, 114, 115, pI. 33: 2; non pl. 33: I, 3.
1973. Rugoglobigerina pennyl BRONNIMANN; SMITH and P ESSAGNO , 57, pI. 24: 1-3.
1974. Rugoglobigerina pennyi BRONNIMANN; VAPTZAROVA, 47, pl. ' 4 : 7, 8, 9.
1977. Rugoglobigerina pennyi BRONNIMANN ; RODRIGVEZ, 88-89 , pl. 5: 1-3 .

, Material. - 7 specimens.
'Dimensions (in mm)':

ZPAL FXXlIl/191
L W T

0·34 0·32 0·20
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Description. - Test low trochospiral, consisting of 21/ 2 to 3 whorls; equatorial periphery
lobate; chambers spherical; final whorl consisting of 6 chambers increasing gently in size as
added; wall covered by meridionally arranged rugosities; sutures depressed, radial; umbilicus
broad, deep; primary aperture interiomarginal, umbilical; tegilla broken in material examined.

Remarks. - The specimens illustrated as Rugoglobigerina rotundata BRONNIMANN by
DOUGLAS and SLITER (1966, pI. I: 6a-c) does not possess characteristic axially elongated cham­
bers in apertural and adapertural views; the low trochospiral test and globular chambers
successively increasing in size only gradually enable us to include this specimen in ,R. pennyi.

Occurrence. - Trinidad: Upper Maastrichtian; USA (Texas; Arkansas), Mexico:
Middle-Upper Maastrichtian ; India: Middle-Upper Maastrichtian; Egypt : Maastrichtian;
Bulgaria: Upper Maastrichtian; Czechoslovakia (Moravia): Maastrichtian; Central Poland
(Kludzie, Boiska , Kazimierz): Maastrichtian.

Rugoglobigerina rotundata BRONNIMANN, 1952
(pI. 22 : 13, 14)

1952. Rugoglobigerina rotundata BRONNIMANN; BRONNIMANN, 34-36, pl, 4: 7-9, fig. 15a--<:, d-f, 16a--<:.

non 1966. Rugoglobigerina rotundata BRONNIMANN; DOUGLAS and SLITER, 116, pl . 1: 5a--<:, 6a--<:.
1972. Rugoglobigerina rotundata BRONNIMANN ; HANzLlKovA, 115, pl , 33 : 8, 9.
1972. Rugoglobigerina pustulata BRONNIMANN; HANzLlKovA, 115, pI. 33 : 7.
1972. Rugoglobigerina rotundata BRONNIMANN ; BARR, 30, pI. 10 : 3a--<:.
1973. Rugoglobigerina rotundata BRONNIMANN; SMITH and PESSAGNO, 58, pl. 24: 8-11 (here additional synonymy).

1974. 'Rugoglobigerina rotundata BRONNIMANN; VAPTZAROVA, 46-47, pI. 3: 25-28.
1974. Rugoglobigerina pustulata BRONNIMANN; VAPTZAROVA, 45, 46, pl . 4: 1,2,3.
1977. Rugoglobigerina rotundata BRONNIMANN ; SLlTER, 543, pI. 11: 1-3.

Material. - 8 specimens.
Dimensions (in mm):

ZPAL FXXlIIj203
L W T

0·35 0·33 0·21

Description. - Test low trochospiral; equatorial periphery lobate, axial periphery roun­
ded ; final whorl consisting of 5-6 chambers increasing gradually in size as added, distinctly
elongated axially in-apertural and abapertural views; wall covered by meridionally arranged
rugosities; umbilicus small, deep; primary aperture interiomarginal, umbilical; tegilla with
infralaminal and intralaminal accessory apertures.

Remarks. - The species discussed differs from R . milamensis SMITH and PESSAGNO in
having the chambers more elongated axially in apertural and adapertural views and in being
very low trochospiraI. '

Occurrence. - Southern Atlantic Ocean: Lower Campanian-Lower Maastrichtian;
Trinidad: Upper Maastrichtian; USA (Texas, Arkansas, California), Mexico: Upper Maas­
trichtian; Egypt: Middle-Upper Maastrichtian; Libya: Upper Maastrichtian; Bulgaria: Upper
Maastrichtian; Austria (Tirolj. Upper Maastrichtian; Czechoslovakia (Moravia): Maastrich­
tian; Central Poland (Kazimierz): Upper Maastrichtian.

Rugoglobigerina rugosa (PLUMMER, 1926)
(pI. 22: 2, 3, 4, 8)

1926. Globigerina rugosa PLUMMER; PLUMMER, 38-39, pl . 2 : 10a-d (fide ELLlS and MESSINA, Catalogue Foram.).
1952. Rugoglobigerina rugosa rugosa (PLUMMER); BRONNIMANN ~ '28-33 , fig. lla-i, 12a-i, 13a-i.
1969. Rugoglobigerina rugosa (PLUMMER); DOUGLAS, 175-176, pl . 6 : 1-2.
1970. Rugoglobigerina rugosa (PLUMMER) ; TODD, 152, pl, 6: 1.
1972. Rugoglobigerina rugosa (PLUMMER); GOVINDAN, 173-174, pI. 3: 1-3, 13-18.
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1972. Rugoglobigerina rugosa (PWMMER) ; HANZLlKOVA, 116, pl, 23 : 5, 6.
1973. Rugoglobigerina rugosa (PWMMER); SMITH and PESSAGNO, 58-60, pl. 2S : 1-4 (here additional synonymy).
1974. Rugoglobigerina macro cephala BRO:-'"NIMANN; VAPTZAROVA, 46, pI. 4: 4, 5, 6.

non 1974. Rugoglobigerina rugosa (PWMMER); VAPTZAROVA, 44, 45, pl. 3: 19-21, 22-24.
non 1975. Rugoglobigerina rugosa (PLUMMER) ; STAPLETON, pI. 2: 7a-c.

1977. Rugoglobigerina rugosa (PWMMER); RODRIGUEZ, 82-86, pl, 4: 5-7.
1977. Rugoglobigerina rugosa (PWMMER): HAMAM and HAYNES, pl. 2: 12.
1977. Rugoglobigerina macrocephala BRONNIMANN ; HAMAM and HAYNES, 56, pl. 2: 7-8.

Material. - 68 specimens.
Dimensions (in mm):

ZPAL FXXIJI/199
L

0·34
W

0·28
T

0·20

Description. - Test trochospiral, biconvex, of moderately convex spiral side, consisting
of 2~ whorls ; equatorial periphery lobate, axial periphery broadly rounded; chambers globular,
hemispherical; final whorl consisting of 4-5 chambers, increasing sharply in size as added;
wall covered by meridionaIly arranged rugosities, variable degree of ornamentation; spiral
sutures distinctly depressed, slightly curved; umbilical sutures distinctly depressed, radial;
umbilicus large, deep; primary aperture umbilical; tegilla with intralaminal and infralaminal
accessory apertures.

Remarks. - R. rugosa is a very common species appear in the Upper Campanian and
has been recorded many times in the literature. However, the forms with 4-4~ chambers in the
final whorl were often erroneously determ ined as Rugoglobigerina macrocephala BRONNIMANN
(e. g., VAPTZAROVA 1974, pl:4: 4-7, HAMAM and HAYNES 1977). Rugoglobigerina rugosa (PLUM­
MER) with 4 chambers in the final whorl differs from Rugoglobigerina macrocephala BRONNIMANN
in having the chambers less sharply increasing in size as added and in that the ultimate chamber '
does not constitute half of the total test size.

Forms with a high spiral side were often included in R. rugosa but at present they are
included in Rugoglobigerina milamensis SMITH and PESSAGNO (e. g., VAPTZAROVA 1974, pl. 3:
19-21, 22-24; STAPLETON 1975, pI. 2: 7a-c).

Occurrence. - USA (Texas, Arkansas), Mexico: Campanian, Maastrichtian; India:
Upper Campanian-Maastrichtian ; Papua New Guinea: Maastrichtian; Trinidad, South Africa:
Upper Maastrichtian; Jordan: Maast richtian ; Spain, Bulgaria, Czechoslovakia (Moravia);
Maastrichtian; Central Poland (Dziurkow, Solec, Kludzie, Boiska, Lucimia, Kazimierz, Bochot­
nica): Upper Campanian-Maastrichtian.

Family Abathomphalidae PESSAGNO, 1967
Genus Abathomphalus BOLLI, LOEBLICH and TAPPAN, 1957

Abathomphalus'l hilli (PESSAGNO, 1967)
. (pl, 23: 10, 11 , 12)

part. 1966. Globotruncana linneiana (d'ORBIGNY); DOUGLAS and SLlTER, 112, pI. 5: 7, non pl . 5: 6, 8, non pl . 4: 4, 6, 9.
1967. Globotruncana hilli PESSAGNO; PESSAGNO, 343, 344, pI. 64: 9-14, 21-23, pl, 94 : I, pl, 97: 7.
1969. Globotruncana hilli PESSAGNO ; DOUGLAS, 180, pl. 7: 7, 8.

Material. - 16 well preserved specimens.
Dimensions (in mm):

ZPAL FXXIJI/214
ZPAL FXXIIIj215

L W T
0·39 0·35 0·13
0'44 0·40 0'14

Description. - Test low trochospiraI, consisting of 2~ to 3 whorls ; periphery truncated
by widely spaced, weakly developed double keel; chambers petaloid on spiral side, subrectan-
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gular on umbilical side; final whorl consisting of 5 chambers; spiral sutures curved, slightly
raised; umbilical sutures depressed, slightly curved; wall pustulose; umbilicus shallow, broad;
primary aperture extraumbilical-umbilical ; techo with infralaminal accessory apertures.

Remarks. - PESSAGNO (1967) in designating Globotruncana hilli stated that in this species
the umbilicus is covered by a tegilla with infralaminal and intralaminal accessory apertures.
However, his figures of the holotype and paratypes show that these additional structures are
destroyed. In the material from the Vistula River profile several specimens with apertural appara­
tus were found, but it is not a tegilla with infralaminal and intralaminal accessory apertures
but rather a techo with an infralaminal accessory aperture. .On this evidence this species should
be included in Abathomphalus rather than in Globotruncana.

Occurrence. - USA (Texas, Arkansas, California): Upper Campanian-Lower Maastrich­
tian; Mexico: Upper Campanian-Lower Maastrichtian; Central Poland (Dorotka, Chotcza):
Upper Campanian-Lower Maastrichtian.

Abathompha/us? cf. subornatus (GANDOLFI, 1955)
(pl , 23: 7, 8, 9)

Material. - 8 well preserved specimens.
Dimensions (in mm):

ZPAL FXXIII/211
ZPAL FXXIII!212

L
0·21
0·21

W T
0·17 0·10
0·16 0·11

Description. - Test low trochospiral with slightly concave initial whorls on spiral side;
chambers almost spherical, truncated by weakly developed double keel; final whorl consisting
of 4 chambers increasing rapidly in size as added; sutures depressed, initia lly slightly curved,
later straight; wall intensively ornamented by nodules of various sizes; primary aperture umbili­
cal; techo with infralaminal accessory apertures.

Remarks. - Some specimens possess well preserved accessory structures: a techo with
infralaminal apertures. On this evidence I included the specimens described in Abathompha/us?
A. ? cf. subornatus differs from the holotype in a less sharp and more regular increase in size
of chambers of the final whorl arid in being considerably smaller.

Occurrence. - Central Poland (Dorotka): Upper Campanian.

Genus Globotruncanella REIss, 1957
G/obotruncanella peta/oides (GANDOLFI, 1955)

(pI. 23: I, 2, 3)

1955. Rugoglobigerina petaloidea petaloidea GANDOLFI ; GANDOLFI, 52, pl. 3: 13.
1962. Rugoglobigerina petaloidea GANDOLFI ; H ERM, 59, pl, 2: 5.
1966. Globotruncanella petaloidea (GANDOLFI) ; DOUGLAS and SLITER, 113, pl. I: 11.
1967. Globotruncanella petaloidea (G ANDOLFI) ; PESSAGNO, 374-375, pl . 82 : 6-8, 9.
1968. Globotruncana petaloidea (G ANDOLFI) ; SUTER, 105, pl. 18 : 1.
1969. Globotruncanella petaloidea (GANDOLFI); DOUGLAS, 190-192. pl. 7: 2.
1970~ Globotruncanella petaloidea "(GANDOLFI) ; TODD, 153-154, pl . 5: 9.
1972. Globotruncanella petaloidea (GANDOLFI) ; GOVINDAN, 180-181, pl . 5 : 7.
1973. Globotruncanella petalotdea (G ANDOLFI) ; SMITH and PESSAGNO, 61-62, pl, 27 : 1-3,4-6.
1973. Globotruncanella petaloidea (GANDOLFI) ; OWEN, 62, pl. 20: 1-3 .

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

ZPAL FXXIII/205
ZPAL FXXIII/206

L W T
0·26 0'21 0·11
0·29 0'25 0'12
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Description. - Test Iow trochospiral, flattened, umbilical side slightly concave; peripheral
margin strongly lobulate, axial periphery arched; chambers subglobular with a distinct flat­
tening along the axial periphery; final whorl consisting of 4 to 4Yi whorls; sutures depressed,
radial to slightly curved; wall finely pustulose; umbilicus small, rather deep; primary aperture
interiornarginal, extraumbilical-umbilical, with a prominent apertural flap extending over
a portion of umbilicus. .

" Remarks. ..,.- G. petaloidea is very similar to G. havanensis (VOORWIJK), differing from the
latter mainly in having a lower arc-shaped test in side view and in having more inflated chambers

. on .both sides.
Occurrence. - South Africa, Columbia: Upper Maastrichtian; USA (California, Texas),

Mexico: Maastrichtian; USA (New Jersey): Upper Campanian-Maastrichtian ; India: Cam­
panian-Upper Maastrichtian; Papua New Guinea: Lower Maastrichtian; Denmark: Upper
Maastrichtian; Austria (Tirol): Upper Maastrichtian; Central Poland (Jarentowskie Pole,
Chotcza, Kazimierz, Bochotnica): Maastrichtian.
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EXPLANATION OF THE PLATES 1-23

PLATE 1

1. Guembelitria harrisi TAPPAN. Kazimierz, Upper Maastrichtian. ZPAL FXXIII/1.
2-6 . Guembelitria cenomana (KELLER). Kazimierz, Upper Maastrichtian. ZPAL FXXIIr/2, 3, 4.
7-8. Guembelitria cretacea CUSHMAN. Kazimierz, Upper Maastrichtian. ZPAL FXXIII/5, 6.

9-10. Guembelitriella sp. Kazimierz, Upper Maastrichtian. ZPAL FXXIIl/7, 8.

PLATE 2

1. Pseudoguembelina sp. Dobre, Upper Maastrichtian. ZPAL FXXIII/240.
2,4, 5,7, 13. Heterohelix striata (Ehrenberg) Kazimierz, Upper Maastrichtian. ZPAL FXXIH/9, 10, 11, 12, 13.

3, 8. Heterohelix moremani (CUSHMAN). Dobre, Upper Maastrichtian. ZPAL FXXIH/16, 17.
6. Heterohelix ultimatumida (WHITE). Kazimierz, Upper Maastrichtian. ZPAL FXXIII/15.

9-10. Heterohelix planata (CUSHMAN). Kazimierz, Upper Maastrichtian. ZPAL FXXIll/24, 25.
11-12, 14. Heterohelix globulosa (EHRENBERG). Lucimia, Upper Maastrichtian. ZPAL FXXIll/I8, 19, 14.

PLATE 3

1, 3, 6, 7. Chiloguembelina praecursor sp. n. Kazimierz, Upper Maastrichtian. ZPAL FXXlIl/36 - holotype (6),
ZPAL FXXllI/34, 35, 37- para types (I, 3, 7).

2, 4, 11, 12. Heterohelix ventilabrellijormis (van der SLUIS). Kazimierz, Upper Maastrichtian. ZPAL FXXIIl/30, 31, 32, 33.
5, 9. Heterohelix navarroensis LOEBLICH. Mecmierz, Upper Maastrichtian. ZPAL FXXIlI/28, 29.

8. Heterohelix pulchra (BROTZEN). Jozefow, Upper Campanian, ZPAL FXXIlI/38.
10. Heterohelix reussi (CUSHMAN). Slupia Nadbrze:i:na. Upper Turonian. ZPAL FXXIII/39.

13-14. Heterohelix planata (CUSHMAN). Chotcza, Lower Maastrichtian. ZPAL FXXIII/26, 27.

PLATE 4

1-9. Heterohelix vistulaensis sp. n. Mecmierz, Upper Maastrichtian. ZPAL FXXIH/42 - holotype (2), ZPAL FXXIII/41.
43, 44, 45, 46, 47, 48, 49 - paratypes (1, 3-9).
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PLATE 5

1-3. Planoglobulina carseyae (PLUMMER). Kazimierz, Upper Maastrichtian. ZPAL FXXIIJ/52, 53, 54.
4. Planoglobulina brazoensis MARTIN. Chotcza, Lower Maastrichtian. ZPAL FXXlll/55.
5. P/anoglobulina acervulinoides (EGGER). Chotcza, Lower Maastrichtian. ZPAL FXXlII/56.

6-7. Heterohelix globulosa (EHRENBERG). Lucimia, Upper Maastrichtian. ZPAL FXXIII/20, 21.
8-9. Heterohelix striata (EHRENBERG). Lucimia, Upper Maastrichtian. ZPAL FXXlII/22, 23.

PLATE 6

1-2. Pseudotextularia cf. elegans (RzEHAK). Chotcza, Lower Maastrichtian. ZPAL FXXIlI/59.
3-4. Pseudotextularia sp, Wesol6wka 44, Lower Campanian. ZPAL FXXlIl/60. 61.

5. Planoglobulina carseyae (PLUMMER). Chotcza, Lower Maastrichtian. ZPAL FXXIll/59.
6. Pseudotextularia deformis (KIKOINE). Chotcza, Lower Maastrichtian. ZPAL FXXIII/58.
7. Racemiguembelina powelli SMITH and PESSAGNO. Chotcza, Lower Maastrichtian. ZPAL FXXIII/57.

PLATE 7

1-2 . Globigerinelloides volutus (WHITE). Chotcza, Lower Maastrichtian. ZPAL FXXIII/62, 63.
3-4 . Globigerinelloides caseyi (BOLLI, LOEBLICH and TAPPAN). Jakubowice, Cenomanian. ZPAL FXXlII/64, 65.

5, 6, 9. Globigerinelloides bentonensis (MORROW). Wesol6wka 43, Upper Santonian. ZPAL FXXIII/66, 67, 68.
7. Globigerinelloides yaucoensis (PESSAGNO). Kazimierz, Upper Maastrichtian. ZPAL FXXIII/69.

8, 14. Globigerinelloides prairiehillensis PESSAGNO. Lucimia, Upper Maastrichtian. ZPAL FXXIll/70, 71.
10--11 . Heterohelix cf. punctulata (CUSHMAN). Lucimia, Upper Maastrichtian. ZPAL FXXlII/217, 218.

12. Heterohelix globulosa (EHRENBERG). Lucimia, Upper Maastrichtian. ZPAL FXXIII/71.
13. Heterohelix reussi (CUSHMAN). Slupia Nadbrzezna, Upper Turonian. ZPAL FXXIII/40.

PLATE 8

1-4. Globigerinelloides prairiehillensis PESSAGNO. Kazimierz,Chotcza, Maastrichtian. ZPAL FXXlIl/72, 73, 74, 75,
5-11. Globigerinel/oides multispinus (LALICKER). Lucimia, Chotcza, Maastrichtian. ZPAL FXXIIl/76, 77, 78, 79, 80,

81, 82.

PLATE 9

1. Hedbergel/a portsdownensi: (WILLIAMS-MITCHELL). Wesol6wka 40, Lower Santonian. ZPAL FXXIll/83.
2-4. Hedbergel/a crassa (BOLLI). Chotcza, Lower Maastrichtian. ZPAL FXXIII/84, 85, 86.
5-7. Hedbergella brittonensis LOEBLICH and TAPPAN. Wesol6wka 38, Lower Santonian. ZPAL FXXIII/87, 88, 89.

8-10. Hedbergella bornholmensis DOUGLAS and RANKlN. Dorotka, Upper Campanian. ZPAL FXXIII/90, 91,92.
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PLATE 10

1.' Hedbergella de/rloensis (CARSEY). Jakubowice, Cenornanian. ZPAL FXXITI/94.
2. Hedbergella angolae CARON. Jakubowice, Cenomanian. ZPAL FXXIII/95.
3. Hedbergella cf. caspia (VASSIL.ENKO). Jakubowice, Cenomanian. ZPAL FXXIII/96. '
4. Hedbergella brittonensis Losatrcaand 'TAPPAN. Slupia Nadbrzezna, Upper Turonian. ZPAL FXXIII/93.

5-6. Hedbergella p/anispira (TAPPAN): Kaliszany, Upper Campanian. ZPAL FXXIII/97, 98.
7-8. Hedbergella simplicissima (MAGNE and SIGAL). Karsy, Lower Turonian. ZPAL FXXIII/99, 100.

PLATE 11

1-4. Rota/ipora cushmani (MORROW). Jakubowice, Upper Cenomanian. ZPALFXXIII/I0l, 102, 103, 104.

PLATE 12

1. Dicarinella biconvexa biconvexa (SAMUEL and SALAJ). Karsy, Lower Turonian. ZPAL FXXIII/109.
2'1Dicarinella biconvexa gigantea (SAMUEL' and SALAJ). Karsy, Lower Turonian. ZPAL FXXIII/110.
3. Praeglobotruncana hi/a/ensis BARR.Piotrowice, Lower Turonian. ZPAL FXXIII/111.
4. Dicarinella sp, Karsy , Lower Turonian. ZPAL FXXIII/112.
5. Hedbergella sp. Karsy , Lower Turonian. ZPAL FXXIII/113.
6. Rugog/obigerina pennyi BRONNIMANN. Kazimierz, Upper Maastrichtian. ZPAL FXXIII/191.

PLATE 13
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1-3. Dicarinella longoriai sp. n.Karsy, Lower Turonian. ZPAL FXXIII/114'::-'holotype (1), ZPAL FXXIll/llS, 116 -
paratypes (2, 3). ' , '

4-6. Praeg/obotruncana de/rioensis (PLUMMER). Karsy, Lower Turonian. ZPAL FXXIII/117, 118, 119.
7-9. Praeg/obotruncana stephani (GANDOLFI). Karsy, Lower Turonian. ZPAL FXXlII/120, 121, 122.

lQ-12. Dicarinella imbricata (MORNOD). Karsy, Lower Turonian. ZPAL FXXIII/123, 124, 125.

PLATE 14

1. Marginotruncana -longilocula (GANDOLFI). Wesol6wka 38, Lower Santonian. ZPAL FXXIII/127.
2. Marg inotruncana pseudolinneiana PESSAGNO. Wesol6wka 43, Upper Santonian, ZPAL FXXIII/128.

3-5. Marginotruncana paraconcavata PORTHAULT. Wesol6wka 39, Lower Santonian ZPAL FXXIll/130, 219, 220.
6. Marginotruncana cf. renzi (GANDOLFI). Wesol6wka 32, Coniacian, ZPAL FXXIII/225.
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PLATE 15

1. Marginotruncana caronae sp, n. ·Slupia Nadbrzezna, Upper Turonian. ZPAL FXXIII!132-holotype(la), ZPAL
FXXIII!227, 228 - paratypes (1 b, 1c).

2. Dicarinella cf. concavata (BROTZEN). Wesol6wka 43, Upper Santonian. ZPAL FXXUI!133.
3. Marginotruncana sinuosa PORTHAULT. Wesol6wka 39, Lower Santonian. ZPAL FXXIII!136.
4. Marginotruncana sp. Kolonia Slupia Nadbrzezna, Upper Turonian. ZPAL FXXIlI!135.

PLATE 16

1-2. Marginotruncana coronata (BOLLI). Wesol6wka 40, Lower Santonian. ZPALFXXIII!105, 106.
3. Giobotruncana churchi MARTIN. Ciszyca Kolonia, Upper Campanian. ZPAL FXXII I!107.
4 . Globotruncana area (CUSHMAN). Ciszyca Gorna, Upper Campanian. ZPAL FXXIII!108.

PLATE 17

1-3 . Globotruncana plummerae (GANDOLFI). Dorotka, Upper Campanian. ZPAL FXXIII!146, 147, 148.
4. Marginotruncana SP'l Wesol6wka 32, Coniacian. ZPAL FXXIII!149, 222, 223.
5. Marginotruncana marginata (REUSS). Wesol6wka 41, Upper Santonian. ZPAL FXXIII!150.

6-8 . Globotruncana bul/oides VOGLER. Sulej6w, Upper Campanian. ZPAL FXXIIl!151, 152, 153.

PLATE 18

1. Globotruncana ventricosa (WHITE). ' Ciszyca G6rna, Upper Campanian. ZPAL FXX1II!134 .
2-4 . Globotruncana sp. Ciszyca G6rna, Upper Campanian. ZPAL FXXIII!137, "138, 139.
5-7. Globotruncanafornicata PWMMER. Ciszyca Kolonia, Upper Campanian. ZPAL FXXIll!140, 141, 142.

8-10. Globotruncana SP'l ' Ciszyca Kolonia, Upper Carnpanian. ZPAL FXXIII!143, 144, 145.

PLATE 19

1-3 . Globotruncana Iinneiana (d'ORBIGNY). Ciszyca Kolonia, Upper Campanian. ZPAL FXXIII!154, 155, 156.
4-6. Globotruncana lapparenti BRoTzEN. Dorotka, Upper Campanian. ZPAL FXXIII!157, 158, 159.
7- 9. Globotruncana obliqua HERM. Ciszyca Kolonia, Upper Campanian. ZPAL FXXIII!160, 161, 162.

10-12. Globotruncana sp-s- Ciszyca Kolonia, Upper Campanian. ZPAL FXXlII!131.
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PLATE 20
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I, 5, 9-12 . Globotruncana pozaryskae sp. n. Ciszyca G6rna, Upper Campanian. ZPAL FXXIIl/174 - holotype (I),
ZPAL FXXIIl/175, 176, 177, 178, 179 - paratypes (5, 9-12) .

2--4. Globotruncanita elevata (BRoTzEN). Chotcza, Lower Maastrichtian. ZPAL FXXIII/171 , 172, 173.
6-8. Globotruncana pessagnoi LONGORIA. Ciszyca Kolonia, Upper Campanian. ZPAL FXXIJI/168, 169, 170.

13. Globotruncana patelliformis (GANDOLFI). Chotcza, Lower Maastrichtian. ZPAL FXXlIf/165.
14-15. Globotruncana nothi (BRONNIMANN and BROWN). Ciszyca Kolonia, Upper Campanian. ZPAL

FXXIII/166, 167.

PLATE 21

1-3. Archaeoglobigerina blowi PESSAGNO. Wesol6wka 39, Lower Santonian. ZPAl FXnfX/180.
4. Heterohelix vistulaensis sp. n. Mecmierz, Upper Maastrichtian. ZPAL FXXIII/221 - paratype,

5-7. Archaeoglobigerina cretacea (d'ORBIGNv). Wesol6wka 39, Lower Santonian. ZPAL FXXIII/181, 182, 183,
8-10. Helvetoglobotruncana helvetica (BOLLI). Karsy, Lower Turonian. ZPAL FXXllI/184.

11-13. Archaeoglobigerina bosquensis PESSAGNO. Wesol6wka 39, Lower Santonian. ZPAL FXXIII/185, 186, 187.

PLATE 22

1,5,9. Rugoglobigerina milamensis SMITH and PESSAGNO.Kazimierz, Upper Maastrichtian. ZPAL FXXm/188, 189, 190.
2--4, 8. Rugoglobigerina rugosa (PWMMER). Kazimierz, Upper Maastrichtian. ZPAL FXXIIl/199, 200, 201, 202.

6-7. Rugoglobigerina hexacamerata BRONNIMANN. Kazim ierz, Upper Maastrichtian. ZPAL FXXIIf/194, 195.
10-11. Rugoglobigerina pennyi BRONNIMANN. Kazimierz, Upper Maastrichtian. ZPAL FXXIlI/191, 192.

12, 15-16. Rugoglobigerina macrocephala BRoNNIMANN. Kazimicrz, Upper Maastrichtian. ZPAL FXXIII/196, 197, 198.
13-14. Rugoglobigerina rotundata BRUNNIMANN. Kazimierz, Upper Maastrichtian. ZPAL FXXlII/203, 204.

PLATE 23

1-3 . Globotruncanella petaloidea (GANDOLFI). Chotcza, Lower Maastrichtian. ZPAL FXXIII/205, 206, 207.
4-6. Whiteinella baltica DOUGLAS and RANKIN. Wesol6wka 39, Lower Santonian. ZPAL FXXllI/208, 209, 210.
7-9. Abathomphalus 'l subornatus (GANDOLFJ). Dorotka, Upper Campanian. ZPAL FXXIII/211, 212, 213.

10-12. Abathomphalus 'l hilli (PESSAGNO). Chotcza, Lower Maastrichtian. ZPAL FXXIII/214, 215; 216.
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