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Abstract. — Planktic foraminifera from the Upper Cretaceous deposits of the Vistula River valley 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: Dicarinella
longoriai, Marginotruncana caronae, Globotruncana pozaryskae, Chiloguembelina praecursor, Heterohelix vistulaensis.
On the basis of this assemblage 10 foraminiferal zones have been distinguished: 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 arca Interval-Zone, Globi-
gerinelloides multispinus Interval-Zone, Rugoglobigerina pennyi Interval-Zone, Guembelitria cretacea Range-Zone. This
zonation has been correlated with other zonations based on cephalopods, ino¢erams and coccoliths of the region studied
as well as with foraminiferal zonations proposed for other regions of the world.
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Streszczenie. — Opracowano otwornice planktoniczne z osadéw gérnej kredy, odstaniajacych si¢ w dolinie Wisly, stano-
wiacych najbardziej kompletny, naturalnie odslonigty profil osadéw tego wieku w Europie. Ogélem, w osadach od ceno-
manu do mastrychtu, stwierdzono 90 gatunk6éw, w tym 5 nowych: Dicarinella longoriai, Marginotruncana caronae, Globo-
truncana pozaryskae, Chiloguembelina praecursor, Heterohelix vistulaensis. W oparciu o ten zespét wyrdizniono 10 pozio-
méw: poziom zespolowy Hedbergella planispira, poziom zasiggu gatunku Rotalipora cushmani, poziomy niesamoistne:
Helvetoglobotruncana helvetica, Marginotruncana coronata, Globotruncana lapparenti, Globotruncana fornicata, Globo-
truncana arca, Globigerinelloides multispinus, Rugoglobigerina pennyi i poziom zasiegu gatunku Guembelitria cretacea.
Wyréznione poziomy skorelowano z istniejacymi juz podzialami biostratygraficznymi dla tego obszaru, opartymi na
glowonogach, inoceramach i nannoplanktonie. Przeprowadzono tez korelacje wydzielonych pozioméw otwornicowych
z poziomami otwornicowymi z innych obszaréw §wiata.

Praca byla finansowana przez Polska Akademi¢ Nauk w ramach problemu miedzyresortowego MR. 1I-6.
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INTRODUCTION

Planktic foraminifera are thought to be one of the most suitable groups for local, regional
and intercontinental stratigraphic correlations, because of their wide geographlc 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; SALAY and SAMUEL 1966; PESSAGNO 1969;
STURM 1969; BELLIER 1973; MasSLAKOVA 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; DoucLas 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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Table 1

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

Stratigraphical position

based upon macrofauna,

based on planktic

Locality Detailed location Lithology after Pozaryskr (1938, foraminifera
1948) if not stated
otherwise
1 2 3 | 4 | 5
Jakubowice | 800 m north of the bridge | glauconitic sandy | Cenomanian (SamsoNo- | Hedbergella planispira
over Vistula river marls 2 m thick, | wicz, 1925, POZARYSKI | zone
with phosphoritic | 1947, Cig$LiNsKI 1959) Rotalipora cushmani
bed of hard ground zone
in the top
Piotrowice gorge 300 m south of the | marly opoka with | Lower Turonian (Inocera- | Helvetoglobotruncana
village flints mus lamarcki PARKINS.) helvetica zone
Karsy small quarry 500 m N of | white hard opoka | Lower Turonian (Inocera- | Helvetoglobotruncana
Karsy and 900 m W of | with rare black | mus lamarcki PARKINS.) | helvetica zone
_ Ozaréw-Tarléw road flints
Opoczka outcrop in steep riverside | opoka with very | Upper Turonian (based on Helvetoglobotruncana
300 m S of the bridge over | abundant cherts of | the lithological paralles to | helvetica zone
Vistula river irregular shape the faunistically determined| Marginotruncana co-
strata at the left side of | ronata zone
Vistula river)
Kolonia 3 meters high escarp be- | limy opoka with | Upper Turonian (Inocera- | Marginotruncana co-
Stupia side the road running | plentiful cherts ir- | mus woodsi FiEGL and Ino- | ronata zone
Nadbrzezna | from Slupia Nadbrzezna, | regular in shape | ceramus costellatus WoobDs)
on the northern end of
gorge lying in the north-
ern end of village
Stupia outcrop in the riverside, | white opoka with | horizon “c” Marginotruncana
Nadbrzezna | in the gorge separating [ rareirregular coronata zone
Leopoldéw and Weso- | cherts and flints
towka villages
Wesolowka | gorge S of village in place | opoka horizon “c” Marginotruncana
31* of being crossed by the coronata zone
road running to Stupia
Nadbrzezna
Wesoléwka | outcrop on a level of path | opoka horizon “c” Marginotruncana
32 300 m N of the outlet of coronata zone
gorge mentioned above
Wesolowka | escarp of the left riverside, | opoka with black | horizon “d” Marginotruncana
33-35* 250 m N of preceding out- | flints coronata zone
crop. Sample 33 taken on
a level of path, sample 34
taken 4 m higher and sam-
ple 35 taken still 3m
higher
Wesotoéwka | northern slope of small | marly opoka horizon “d” Marginotruncana
37-39* gorge opened to the Vis- coronata zone

tula River valley N of
Wesotdéwka. Sample 37
taken 2 m above the level
of path, sample 38 taken
3m higher and sample 39
— still 2 m higher
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Table 1
(continued)

1 2 3 4 5
Wesolowka | 150 m N of preceding out- | glauconitic opoka | horizon “e” Globotruncana
40* crop, 10 m above the path lapparenti zone

level

Wesotéwka | 10m higher, the same lo- | glauconitic opoka | horizon “e” Globotruncana

41* cality as Wesotowka 40 fornicata zone

Wesolowka | 70 m N of preceding out- | opoka with inter- | horizon “f” Globotruncana

42% crop layers of flints Jornicata zone

Wesolowka | 40 m N of preceding out- | opoka with inter- | horizon “f” Globotruncana

43* crop layers of flints Jornicata zone

Wesolowka | outcrop in the middle of | opoka horizon “g” (Santonian- | Globotruncana  arca

44* the Vistula riverside, 40m -Pozaryski, 1938, Cam- | zone
N of outcrop Wesolo- panian-BLASZKIEWICZ,
wka 43 1966)

Wesolowka | quarry, 100 m N of out- | opoka horizon “h™ (Santonian- | Globotruncana  arca

45*% crop Wesolowka 44 -Pozaryski, 1938, Cam- | zone

panian-BLASZKIEWICZ,
1966) and horizon “i”
(Campanian)

Swieciechow | fields of the village, out-| marly opoka horizons “f” and “g” probably Globotrun-
crop in the road 300 m NE cana arca (very poor
church assemblage)

Sulejow quarry in the village opoka horizon “k” Globigerinelloides

multispinus zone

Bliskowice outcrop in the road com- | opoka horizon “k” Globigerinelloides
ing to the road Annopol multispinus zone
-Jozeféw near the chapel

Watowice side-space of the road An- | opoka horizon “I” Globigerinelloides
nopol-Jézefow in the multispinus zone
village

Dorotka small quarry in the village | opoka horizon “n” Globigerinelloides

multispinus zone

Ciszyca 700m S of the village, | opoka horizon “p” Globigerinelloides

Kolonia small quarry in the left multispinus zone
side of gorge opening to
the Vistula River valley

Jozefow escarp at the river opoka horizon “r” Globigerinelloides

multispinus zone

Ciszyca outcrop in steep sidespace | opoka horizon “r” Globigerinelloides

Gorna of the road Wolka Lipo- ' multispinus zone
wa-Ciszyca Gorna, in the
village

t.opoczno escarp several metres high, | opoka horizon “s” Globigerinelloides
500 metres long, in the multispinus zone
steep riverside

Kaliszany outcrop 5 metres above | opoka horizon “s” Globigerinelloides
the valley bottom multispinus zone

Wola northern slope of the Ka- | marly opoka horizon “s” Globigerinelloides

Pawlowska | mienna river valley, small multispinus zone
quarry in place of its out-
let to the Vistula River
valley

Piotrawin big quarry (500 m long, | opoka interlayered | horizon “t” (boundary | Globigerinelloides

30 m high)

by marls in places

between Campanian and
Maastrichtian-KoNGIEL

1962, BLASZKIEWICZ, 1966,
Pozaryski, 1966 — being
established in the quarry)

multispinus zone
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Table 1
(continued)
1 2 3 4 5
Dziurkow outcrop beside the road | opoka horizon “u” Globigerinelloides
Dziurk6éw-Lipsko, 15 me- multispinus zone
tres high escarp 200 m S of
the bus stop
Solec steep slope near the cros- | opoka horizon “v” Globigerinelloides
sing of roads: Lipsko-Cze- multispinus zone
karzewice-Ostrowiec and
that running to the centre
of village
Kiudzie outcrop in the Vistula river- | marly opoka horizon “v” Rugoglobigerina
side near the outlet of pennyi zone
small gorge running from
the village
Boiska outcrop in the middle part | marls horizon “w” Rugoglobigerina
of the slope of riverside pennyi zone
Biatobrzegi | lower part of theslope of | marls horizon “w” Rugoglobigerina
riverside pennyi zone
Jarentowskie | slope of the Vistula river- | marly opoka horizon “w” Rugoglobigerina
Pole side, in half of distance pennyi zone .
between Bialobrzegi and
Jarentowskie Pole
Chotcza exploitation hole of chalk | chalk horizon “w” Rugoglobigerina
Lucimia exploitation hole of chalk | chalk horizon “w” pennyi zone
1.5 km NE of the village, Guembelitria
in the slope of the Vistula cretacea zone
riverside, above the road
to Baryczka
Dobre steep escarp in the river-| marls horizon “w” Guembelitria cretacea
side  between villages: zone
Podgoérz and Dobre
Podgérz outcrop in the riverside marls horizon “w” Guembelitria cretacea
zone
Meémierz escarp 25 metres high over | marly opoka and | horizon “w” Guembelitria cretacea
the Vistula riverside marls zone
Kazimierz big quarry (500 m long, | opoka, in the top | horizon “x” Guembelitria cretacea
30 m high) 2 layers of marls zone
(of thickness 1 m)
Janowiec outcrop in the Vistula ri- | opoka horizon “x” Guembelitria cretacea
verside opposite Kazi- zone
mierz
Nasitow big quarry opoka covered with | horizon “y” Guembelitria cretacea
limestone with well zone
developed hard
.| ground
Bochotnica | gorge opened to the Vis- | opoka interlayer- | horizon “y” Guembelitria cretacea
tula River valley ed with marl, co- zone
vered with lime- | horizon “z” | Danian

stone (1 m thick)
being the hard
ground. Above —
phosphoritic  bed
withnumerousfrag-
ments of belemni-
tes, higher — siwak.

* Numbers of outcrops in Wesoléwka after POZARYSKA (1957) to enable comparison of benthic and planktic foraminifera.
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REVIEW OF STRATIGRAPHIC STUDIES

The Cretaceous deposits cropping out in the area studied have long interested geologists,
Early papers date from the first half of the nineteenth century, but only Kristarowicz (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 Rachdw anticline, an im-
portant tectonic structure in that area. EUNIEwSKI (1923) contributed to the geology of the
southern part of the region discussed. 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 area. 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 Campanian, including in the latter stage the local horizons “s”
and “t”, formerly regarded 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 “y” (comp. table 2). He placed the bound-
ary between the Campanian and Maastrichtian within the horizon “t”. In addition, BrLAsz-
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 PoZArRyYskI (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, MATWIEJEWOWNA 1935), echinoids (KONGIEL
1935, CIESLINSKI 1959), ammonites (CIESLINSKI 1959, BLAsZKIEWICZ 1966), belemnites (KONGIEL
1962, BraszkIEWICZ 1966, KURLENDA 1966), brachiopods (PoPIEL-BARCZYK 1968), pelecypods
(PUGACZEWSKA 1977). Besides, PoZARYSKA (1954) described 27 species of benthic index foramini-
fera for particular stages. Pozaryskr and Witwicka (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

The results of stratigraphic studies of the Upper Cretaceous deposits in the Middle Vistula River valley (after
different authors)
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3 3 £ :
‘ 3
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70 phaleratum
3| |«
j g . ] Goniotheuthis
40 i KGfornicats [ .§ quadrata Arkhangel-
b
N & $| Gonioteuthis skiella GloM:tuncm
rca
. é K] granulatoquadrata specillata
g 60 ) - Goniotauthis
£ o b} ! 2 5 granulata
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s 8 g gzl —————— -
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&5 BpcE| 3 paraioo-
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z a [§ ©
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IG. appenninica Helveto-
E 120 G. var, helvetica globotruncana
G. stephani helvetica
V&r.stephanl
g G. stephani R cushmani
z 2 var. turbinata
é; (G. renzi H.planispira

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 tirmss 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 Putawy 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; KSIAZKIEWICZ 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 (GOrkA 1957) were described. Recently GAZpzicka (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., Suikowsk1 1931, Pozaryski 1947, 1951,
UBERNA 1955, 1967, MORAWIECKI 1957, RADWANSKI 1960, KOowALSKI 1961, BLASZKIEWICZ
1962, LozINSKA-STEPIEN 1964, 1965, KURLENDA 1967, PozaRyskI and PozZaryskA 1970, Cik-
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 (95-969; 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. SEM 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 9% of the rock; glauconite (often 259 of rock, forms grains of diameter 0-1-0-5 mm), quartz
(less than 20 %, of diameter 0-01-0-08, maximum 0-3 mm) and skeletal fragments (less than 109%;
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 (SaMsoNnowicz 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. 1 ; table 1) it ranges between 1 and
2 m.

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 (CIESLINSKI and WyYRwICKA 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 CaCO, and
30-479, 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 CaCO; and 20 % of insoluble residue according
to KURLNDA 1967 with light grey flints at the bottom and white limy opokas (539 of CaCO,
and 40 9/ 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
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Lithological profiles of studied outcrops 1-—limestones; 2 — glauconitic sandy marls; 3 — opokas with flints and/or
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cherts; 4 — marly opokas; 6 — gaizes; 6 — marls; 7 — chalk; 8 — glauconitic, phosphoritic ssmds; 9 — hard ground.
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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 of 60 m (comp. PoZARYSK1I 1938), begin with light
yellow opokas containing 43-50 % of CaCO, 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; 59 versus 1% for glauconite and 2%, versus less than. 0-6 9 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 19, (comp. PoZARYSKI
1938, KURLENDA 1967). In the upper part of the Santonian profile there are light yellow limy
opokas (containing, according to KURLENDA 1967, 53-56 %, of CaCO; and 409, of insoluble
residue) together with light grey cherts.

The Campanian deposits, of total thickness 220 m are light yellow limy opokas, containing
559%, of CaCO, 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 of belemnite 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 PozArysk1 (1938),
comprise two lithologic units. In the Lower Maastrichtian there are 120 m of marly opokas
(containing 35-509, of CaCQO,) with intercalations of soft whitening rock (containing 60-70%,
of CaCO,) (horizons “s”, “t”, “u”, “v”). In the Upper Maastrichtian 200 m of marls with
intercalations of chalk, containing 70-80 %, of CaCOQ,, are present (horizon “w”). Higher in the
profile, opokas with marls intercalations (the so called “Kazimierz opoka” of CaCOj; content
more than 209 and of thickness 50 m — horizon “x”) occur. In the top of the Maastrichtian
the white hard limestone containing more than 90 % of CaCQ, and of thickness 1 m (horizon “y”),
known from outcrops in Bochotnica and Nasitéw (comp. figs. 1, 2) is present. WYrRwICKA (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 (POZARYSKA
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 (Table 3) it has been possible to distinguish 10 foraminiferal zones.
These zones are of 3 types: l.range-zones (e. g., Guembelitria cretacea Zone), 2. interval-zones
(e.g., Marginotruncana coronata Zone), and 3. assemblage-zone (Hedbergella planispira Zone).

The assemblage characteristic 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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delrioensis
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sp.
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delrioensis
hilalensis
stephani

Rotalipora
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coronata
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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:
Hedbergella planispira Zone
Rotalipora cushmani Zone
Helvetoglobotruncana helvetica Zone
Marginotruncana coronata Zone
Globotruncana lapparenti Zone
Globotruncana fornicata Zone
Globotruncana arca Zone
Globigerinelloides multispinus Zone
Rugoglobigerina pennyi Zone
Guembelitria cretacea Zone.

SPOXAAN A WD

f—

Hedbergella planispira Zone

Category: Assemblage-zone.

Age: Lower Cenomanian.

Definition: Interval, with abundant small hedbergellas to the first appearance of Rotalipora
cushmani (MORROW) (tables 2, 4).

Characteristics : Characterized by common occurrence of Hedbergella planispira (TAPPAN),
H. angolae CARON, H. cf. caspia (VASSILENKO), H. delrioensis (CARSEY) and absence of Rotali-
pora cushmani (MoORROW). 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
(Morrow), 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, Cie$LiNsKI 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 (DoucLas 1969) and Libya (BARR 1972). The Hedbergella planispira Zone is
equivalent to the assemblage “IV” described by HELLER (1975) from the ¥.6dz region and other
equivalents (comp. table 6) are the “zone 3” recognized in Switzerland (CArRON 1966), zones
Cn, and Cn, 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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Table 4

Ranges of planktic Foraminifera in the Middle Vistula River profile

Stage

MAASTRICHTIAN — CAMPANIAN

SANTONIAN

ICONTACIAN—TURONIAN

CENOM.

Substage

Upper [Lower  Upper

Lower

Upper | Lower

Upper| Lower

Foraminiferal

ones

Species

Guembelitria
cretacea
Rugoglobigerina
pennyi

Globigerinelloides
multispinus

Globotruncana

arca

Globotruncana
fornicata
Globotruncana
lapparenti

Marginotruncana

coronata

Helveto-

qlobotruncana
helvetica

Rotalipora
cushmani
planispira

Hedbergella

Hedbergella angolae
Hedbergella cf. caspia
Hedbergella delrioensis
Hedbergella planispire
Globigerinelloides caseyi
Praeglobotruncana delrioensis
Hedbergella simplicissima
Praeglobotruncana stephani
Hedbergella brittonensis
Rotalipora cushmani
Dicarinella Imbricata
Helvetoglobotruncana helvetica
Praeglobotruncana hilalensis
Dicarinella biconvexa biconvexa
Dicarinella biconvexa gigantea
Hedbergella sp.

Dicarinella longoriai
Whiteinella baltica
Marginotruncana marginata
Reterohelix reussi
Marginotruncana caronae
Marginotruncana sp.
Marginotruncana pseudolinneiana
Marginotruncana coronata
Hedbergella portsdownensis
Heterohelix globulosa
Heterohelix moremani
Marginotruncana sp.1
Marginotruncana cf, renzi
Marginotruncana sinuosa
Clobigerinelloides bentonensis
Marginotruncana paraconcavata
Hedbergella bornholmensis
Archaeoglobigerina bosquensis
Marginotruncana longilocula
Archaeoglobigerina cretacea
Archaeoglobigerina blowi
Globotruncana lapparenti
Planoglobulina carseyae
Globotruncana linneiana
Globotrungana fornicata
Globotruncana obliqua
Pseudotextularia sp.
Dicarinella cf. concavata
@lobotruncana arca
Globotruncana ventricosa
Globotruncana churchi
Heterohelix ultimatumida
Heterohelix ventilabrelliformis
Heterohelix striata
Globotruncana pessagnol
Globotruncana plummerae
Heterohelix pulchra
Globotruncana bulloides
Globigerinelloides multispinus
Chiloguembelina praecursor
Globigerinelloides prairiehillensis
Globigerinelloides volutus
Globigerinelloides yaucoensis
Rugoglobigerina rugosa
Abathomphalus ? cf. subornatus
Abathomphalus ? hilli
Globotruncana Sp., 1
Globotruncana Sp. 2
Heterohelix planata
Globotruncana nothi
Globotruncana SpP.
Globotruncana pozaryskae
Guembelitria harrisi
Rugoglobigerina milamensis
Rugoglobigerina pennyi
Rugoglobigerina hexacamerata
Globotruncanella petaloidea
Hedbergella crassa
Globotruncana patelliformis
Globotruncanita elevata
Pseudotextularia deformis
Racemiguembelina powelll
Planoglobulina acervulinoides
Planoglobulina brazoensis
Pseudotextularia cf. elegans
Guembelitria cretacea
Heterohelix vistulaensis
Pseudoguembelina SP.
Heterohelix navarroensis
Guembelitria cepomana
Rugoglobigerina rotundata
Guembelitriella Sp.
Rugoglobigerina macrocephala

TTT
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Rotalipora cushmani Zone

Category: Range-zone

Age: Upper Cenomanian

Definition: Total range of Rotalipora cushmani (MoRrROW) (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.” 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 (MorRrROW), 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
(SanpDULESCU 1969) and Western Carpathians (SALAJ and SAMUEL 1966) and the Rotalipora
cushmani Zone in California (DouGLAs 19695), southern USSR (MasLAKOvVA 1977), Bulgaria
(VAPTZAROWA 1976b) and Libya (BARR 1972). Moreover, the horizons Cn3, Cn4, CnS5, 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 £.6dZ 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 gandolfii-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 (BoLLY) (tables 3, 4).

Characteristics: Helvetoglobotruncana helvetica (BoLLl), Dicarinella imbricata (MORNOD),
D. longoriai sp. n., D. biconvexa biconvexa (SAMUEL and SALAY), D. biconvexa gigantea (SAMUEL
and SALAY), Praeglobotruncana hilalensis BARR, Hedbergella sp. occur only in this zone. The last
occurrences of Praeglobotruncana delrioensis (PLUMMER), P. stephani (GANDOLF1), 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 (BorserTi 1962), Bulgaria (VAPTZAROVA 1976Db), southern USSR (MASLAKOVA
1977), Romania (SANDULESCU 1969), Belgium (MOORKENS 1969), NW Pacific (DoucGLas 1971)
and Libya (BARR 1972) and with the Marginotruncana helvetica assemblage zone of the Gulf
Coast Plain (PeEssaGNoO 1967). It is coeval also with the Praeglobotruncana Zone established in
Austria (STURM 1969), Tu2 zone of France (PORTHAULT 1974) and zone “VI” of Préalpes
médianes (CARON 1966). The composition of assemblages “VI” and “VII” described from the
F.6dz region (HELLER 1975) is similar to that of the H. Aelvetica Zone. In general zonation its
equivalents are: Globotruncana helvetica Zone (van HINTE 1976) and Praeglobotruncana gigantea
and Hedbergella lehmanni Globotruncana helvetica Zones (BoLLl 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
(CusaMaN) and Hedbergella portsdownensis (WILLIAMS-MITCHELL) make their appearance.
Marginotruncana sp., and Marginotruncana cf. renzi (GANDOLFI) occur only in the middle part
of the zone. Hedbergella bornholmensis DouGLAS and RANKIN, Marginotruncana paraconcavata
PORTHAULT, M. sinuosa PORTHAULT, M. longilocula (GANDOLFI), Archaeoglobigerina blowi
PESSAGNO, A. bosquensis PESSAGNO, A. cretacea (A’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. BoLLl (1957) designated in Trinidad this horizon the Globotruncana renzi
Zone, later changed (BoLL1 1966) into Globotruncana schneegansi Zone. These two names are
most frequently used. DouGLAs (1969b) 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
(BoLL1), 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. €., M. angusticarinata
(GANDOLFI), M. canaliculata (REUSS), M. sigali (REICHEL)) are absent. On the same basis the
Marginotruncana coronata Zone can be correlated with the Globotruncana renzi Zone of Bulgaria
(VAPTZAROVA 19764, b), Irag (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
19695). In the zones Tu,, Tu,, Tu;, Co,, Co,, St; established in SE France (PORTHAULT 1974)

2*
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the following species occur: Marginotruncana coronata (BoLLl), 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; 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 £6dZ 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 lapparenti 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 (BoLLl), 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 (4’ORBIGNY) makes its appearance. The upper boundary of the Globotruncana lappa-
renti Zone is not crossed by Hedbergella brittonensis LoeBLICH and TAPPAN. Hedbergella
delrioensis (CaARSEY), H. planispira (TAPPAN), H. portsdownensis  (WILLIAMS-MITCHELL),
H. bornholmensis DoUGLAS and RANKIN, Marginotruncana marginata (Reuss), M. pseudolin-
neiana PESSAGNO, M. coronata (BoLLl), M. paraconcavata PORTHAULT, Heterohelix reussi
(CusHMAN), H. globulosa (EHRENBERG), H. moremani (CUSHMAN), Globigerinelloides bentonensis
(MoRrROW), 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. 5. was defined on the basis of the following criteria: umbilical primary aperture, umbilicus
covered by tegilla 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 Santonian foraminiferal
zone is commonly named after Dicarinella concavata (BROTZEN); however, this species, with
the exception of one specimen determined as Dicarinella cf. 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 (comp. PESSAGNO 1967) at the Coniacian-



PLANKTIC FORAMINIFERA ZONATION OF POLISH UPPER CRETACEOUS 21

Santonian boundary and in the Lower Santonian. Thus, the genus Whiteinella is absent with
the exception of the lowermost part of the Globotruncana 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: Marginotruncana angusticarinata
(GANDOLFI), M. coronata (BoLL) 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 G. forni-
cata PLUMMER) make their appearance. The upper part of the St, 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., BOLLI
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 (BoLLi 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 arca (CUSHMAN) (tables 3, 4).

Characteristics: At the base of the zone Globotruncana fornicata PLUMMER appears, in
great number and a little higher Globotruncana obliqua HERM. ; Dicarinella cf. concavata (BROT-
ZEN) and Pseudotextularia sp. are rare. Marginotruncana coronata (BoLLl), M. marginata
(REUSS), M. pseudolinneiana PESSAGNO, Archaeoglobigerina blowi PESSAGNO and Globigerinelloides
bentonensis (MORROW) die out within this zone, Hedbergella bornholmensis DoucGLAs 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. cretacea (d’ORBIGNY), Heterohelix globulosa
(EHRENBERG), H. moremani (CusuMaN) and H. reussi (CUSHMAN) are transit species (tables 3,
4, 5).

Remarks. — This zone was established by BoLL1 (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 Globotruncana fornicata PLUMMER. The other species of Globotruncana
(G. lapparenti BROTZEN, G. linneiana (d’ORBIGNY), G. obligua HERM) that replace the species of
Marginotruncana terminating within this zone, become more abundant. PESSAGNO (1967) stated
in the definition of the Globotruncana fornicata Zone that species of Marginotruncana do not
occur in it, the last representatives of that genus having become extinct at the boundary of the
Marginotruncana concavata Zone and the Globotruncana fornicata Zone. However, many authors
report the presence of species of Marginotruncana not only in the Upper Santonian but still
in the lowermost Campanian (e. g., PORTHAULT 1974; DouGLAs 1969a, b; OweN 1973, IB-
RAHIM 1976, VAPTZAROVA 1976b). The Globotruncana fornicata 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 Globotruncana fornicata PLUMMER, the occurrence of Globotruncana bulloides
VOGLER, G. lapparenti BROTZEN and representatives of Archaeoglobigerina. 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 St, and lower
part of St; zones established in SE France (PORTHAULT 1974). In all these localities, the represen-
tatives of Globotruncana fornicata PLUMMER, G. lapparenti BROTZEN, G. bulloides VOGLER,
occur in great number coeval with a less common Marginotruncana coronata (BoLLY), M. pseudo-
linneiana Pessagno and M. marginata (REUSS); but Globotruncana arca (CUSHMAN) is absent.
In addition, the zone “B” established in Austria (IBRAHIM 1976) in which the genus Margino-
truncana is 1eplaced by Globotruncana (G. fornicata PLUMMER, G. bulloides VOGLER, G. plummerae
GANDOLFI, G. cf. arca (CusuMAN) and others) and Archaeoglobigerina cretacea (d’ORBIGNY)
may be also correlated with the Globotruncana fornicata Zone of central Poland (table 6).

Globotruncana arca Zone

Category: Interval-zone

Age: Lower Campanian

Definition: Interval, from the first appearance of Globotruncana arca (CUSHMAN) to the
first appearance of Globigerinelloides multispinus (LALICKER) (tables 3, 4).

Characteristics: In addition to the index species, Globotruncana churchi MARTIN, -G. ventri-
cosa (WHITE), Heterohelix striata (EHRENBERG), H. ultimatumida (WHITE and H. ventilabrelli-
Sformis (van der SLuis) make their appearance in this zone. Within the lower part of the zone,
the last marginotruncans: M. longilocula (GaNDOLFI) and M. paraconcavata PORTHAULT
terminate. Transit species are: Hedbergella bornholmensis DOUGLAS and RANKIN, H. delrioensis
(CARSEY), H. planispira (TAPPAN), Globotruncana fornicata PLUMMER, G. lapparenti (BROTZEN),
H. linneiana (’ORBIGNY), G. obliqua HERM, Archaeoglobigerina 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 (SALAY 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 (19695) recognized the
Globotruncana arca zone in California but he admitted its greater stratigraphic range. He
designated two subzones within it: Globotruncana stuartiformis subzone and Globotruncana
churchi Subzone. In the DOUGLAS’ scheme, the age equivalent of the Globotruncana arca Zone
sensu SALAJ and SAMUEL (1966) is the Globotruncana stuartiformis Zone. In the Upper Cretaceous
Vistula River profile the Globotruncana arca 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 arca 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 (VApTZAROVA 1975). The Archaeoglobigerina blowi
Subzone of the Gulf Coast Plain (PEssaGNo 1967, 1969) may be correlated with the Globo-
truncana arca 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 Globotruncanita
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 Globotruncana arca Zone of the Vistula river profile can be
found in these zones. Globotruncana arca (CUSHMAN) appears not before the beginning of the “C”
zone and Globotruncana plummerae GANDOLFI in the “E” zone. That is why I treat the «“C”
and “D” zones as coeval with the Globotruncana arca Zone. The upper part of St; zone establish-
ed in SE France (PORTHAULT 1974) is correlated with the Globotruncana arca Zone of central
Poland; starting from the middle part of St; zone, Globotruncana arca (CUSHMAN) occurs in
great number tcgather with Globotruncana plummerae GANDOFI, G. linneiana (d’ORBIGNY),
G. lapparenti BROTZEN, G. bulloides VOGLER and other species occurring in the Globotruncana
arca 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 Globotruncana. 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), Globotruncana bulloides VOGLER, G. pessagnoi LONGORIA, G. plummerae
GANDOLFI and Heterohelix pulchra (BROTZEN) appéar. The last three named species in the profile
studied are limited to the Globigerinelloides multispinus Zone. Moreover, Chiloguembelina: praecur-
sor sp. n. isreported for the first time in the lowermost part of the Zone. Abathomphalus ? subornatus
(GANDOLR1), Globotruncana sp., G. sp., and G. sp., occur in the middle part of the Zone. Globigeri-
nelloides yaucoensis PESSAGNO, Rugoglobigerina rugosa (PLUMMER), Globotruncana poZaryskae
sp.n., G. nothi BRONNIMANN, Heterohelix planata (CUSHMAN) and Guembelitria harrisi TAPPAN, 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-
mensis DOUGLAS 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: Globotruncana elevata and Rugotruncana 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 Globotruncana elevata Zone. Heterohelix pulchra (BROTZEN) and Globotruncana plummerae
GANDOLFI are present only within the Globotruncana elevata Zone while the representatives of
the genus Rugoglobigerina become numerous in the uppermost part of this Zone. These simi-
larities and the simultancous presence of many common species from the genera Heterohelix
and Globotruncana permit acceptance of the Globotruncana elevata and Rugotruncana subcir-
cumnodifer 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 (IBRAHIM 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 arca (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. l., 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.Generally 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 (BorLi 1957). The base of the latter zone is
marked by the appearance of Globotruncana gansseri BoLLl 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 BrROwN 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
Rugoglobigerina 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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(KassAaB 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 (WRBITE), H. ventilabrelliformis (van der SLuis), Guembelitria
harrisi (TapPAN), Globigerinelloides prairiehillensis 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 of 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 Abathomphalus mayaroensis
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 rotundata BRONNIMANN and R. macro-
cephala BRONNIMANN, known only from the Abathomphalus mayaroensis Zone, enables me to
correlate the Guembelitria cretacea Zone with the Abathomphalus mayaroensis Zone of Trinidad
(BoLL1 1957, 1959, 1966), the Gulf Coast Plain (PEssaGNo 1967, 1969), Carribean (PREMOLI
SiLva and BoLL1 1973), Austria (STURM 1969), Romania (SANDULESCU 1969), the USSR (MASLA-
KOVA 1977), NW Pacific (DoucLas 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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Table §

Established zones with characteristic species

Sub-

[
Stage| IFormnniferalzones Characteristic species

stage
N Guembelitria Guembelitria cretacea Cushman, Heterohelix vistulaensis n. 5p.
a Heterohelix navarroensis Loeblich, Rugoglobigerina macrocephala
é} cretacea 8ronnimann, Rugoglobigerina rotundata Bronnimann
z
&
2
o«
Rugoglobigerina Rugoglobigerina pennyi Bronnimann, Rugoglobigerina milamensis Smith &
" Pessagno, Globotruncana patelliformis Gandolfi, Pseudotextularia
g pennyi deformis (Kikoine), Racemiguembelina powelli Smith & Pessagno
I Globigerinelloides Globigerinelloides multispinus (Lalicker), Globotruncana pessagnoi
:‘, Longoria, Globotruncana plummerae Gandolfi, Heterohelix pulchra
& multispinus (Brotzen)
E =)
(=]
% cana -
[3] = Globotrun Globotruncana arca (Cushman), Globotruncana churchi Martin,
X Globotruncana ventricosa (White)
3 arca
,_ Globotruncana Glokotruncana fornicata Plummer, Dicarinella c¢f. concavata (Brotzen),
2 Globotruncana lapparenti Brotzen, Globotruncana linneiana (d’Orbigny)
B fornicata
2
3
3
o N Globotruncana Marginotruncana longilocula (Gandolfi), Archaeoglobigerina cretacea
3 lapparenti (d’Orbigny), Archaeoglobigerina bosquensis Pessagno, Archasoglobigerina
blowi Pessagno Globotruncana lapparent! Brotzen
E:
z Marginotrmuncana coronata (Bolll), Marginotruncana pseudolinneiana
on Marginotruncana
ov Pessagno, Marginotruncana sinuosa Porthault, Marginotruncana
R coronata paraconcavata Porthault, Marginotruncana cf. renzi (Gandolfi),
;4' Marginotruncana caronae n. sp.
o
[
E
4 N
2 " Helvetoglobotruncana Helvetoglobotruncana helvetica (Bolli), picarinella imbricata (Mornod),
= L4 Dicarfnella longoriai n. sp., Dicarinella biconvexa biconvexa
§ helvetica (Samuel & Salay), Dicarinella biconvexa gigantea (Samuel & Salaj)
" Rotalipora Rotalipora cushmani (Morrow), Hedbergella simplicissima (Magne & Sigal),
g. Praeglobotruncana stephani (Gandolfi), Praeglobotruncana delrioensis
E g‘ cushmani (Plumner)
-
2
8 common: Hedbergella planispira (Tappan), Hedbergella angolaes Caron
- Hedbergella Hedbergella cf. caspia (Vassilenko), Hedbergella delriocensis (Carsey);
s 4 Globigerinelloides caseyi (Bolli, Loeblich & Tappan)
3 planispira rare: Praeglobotruncana delrioensis (Plummer), Hedbergella simplicis-
sima (Magne & Sigal).

It should be stressed that there are problems in the estimation of the age of the Upper
Cretaceous deposits on the basis of planktic 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 19690).

Recently, the planktic foraminifera from all stratotype profiles of the Upper Cretaceous
were studied: from Cenomanian — MARKS (1967), Turonian — BuUTT (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; PoZArRYsKI 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; MaARrRcINowsKI 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 estabhsh
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 blozonatlon 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 an assemblage 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
(GanDoOLF) 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

Pozarysk1 (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- 1. 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 Pozaryskl 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. Pozarysk1r 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 (MORROW),
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. cf. hagni (SCHEIBNEROVA) and Praeglobotruncana stephani (GANDOLFI). The specimens
illustrated as Hedbergella delrioensis (CARSEY) by Burr (1966) and as Rotundina cretacea
(d’ORrBIGNY) 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
(BoLLl) 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 (BoLLl) 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 Wesoléwka and Sulejéw (comp. fig. 1a). Pozarysk1 (1938) accepted the lower boundary
of the Coniacian as defined by SaMsoNowiczZ and lowered the upper boundary. According
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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 Sulejow, found Inoceramus inconstans WoOODS
(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 Wesoldwka and Sulejow
(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 Globotruncana lapparenti BROTZEN
in both these areas. Therefore, it seems that the hitherto tentative Coniacian-Santonian 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). BLASzZKIEWICZ (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 BrLASzkIEWICZ (1966).

The Santonian-Campanian boundary coincides with the lower boundary of the Globo-
fruncana arca zone.

In the Santonian deposits two foraminiferal zones were distinguished: Globotruncana
lapparenti Zone and Globotruncana fornicata Zone.

The Santonian planktic foraminifera are characterized first of all by the common
occurrence of representatives of Globotruncana and Marginotruncana. In the Globotruncana
lapparenti Zone the genus Globotruncana is represented by G. lapparenti BROTZEN and G. linneiana
(d’ORrBIGNY) and the genus Marginotruncana by M. pseudolinneiana PESSAGNO, M. paraconca-
vata PORTHAULT, M. marginata (REUSS), M. longilocula (GANDOLF1) and M. coronata (BOLLI).
Globotruncana fornicata PLUMMER and G. obliqua HERM persist into the Globotruncana fornicata
Zone while the marginotruncan assemblage becomes impoverished as M. paraconcavata
dies out. SERONIE-VIVIEN (1972) reports the following species from the stratotype profile: G. bulloi-
des VOGLER, G. cf. angusticarinata GANDOLFI, G. coronata BOLLI, G. fornicata PLUMMER,
G. lapparenti BROTZEN, G. tricarinata (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.
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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.

BraszkIEwicz (1966) distinguished 6 zones in the 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., 3. 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-
truncana arca Zone and the Globigerinelloides multispinus Zone. 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 lanceolata Zone 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 PoZArRySKkI and WITWICKA (1956), comprising the
Campaman and Lower Maastrichtian, contains the following species: Globotruncana fornicata
PLUMMER, G. arca (CUSHMAN), G. fornicata var. contusa (thought here probably to be G. patel-
liformis GANDOLF1), G. mayaroensis (most probably, G. obliqua HERM) and G. stuarti (probably
G. elevata (BrRoTZEN)). 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 (GAZpzicKkA 1978) lead to the recognition of 2 zones: 1. Arkhangelskiella specil-
lata, being equivalent to the Globotruncana arca Zone and to the two lowermost Campanian
belemnite zones, and 2. Tetralithus aculeus Zone, which embraces — as does the Globigerinelloides
multispinus Zone — not only the Upper Campanian but also the lowermost part of the
Maastrichtian, the Belemnella lanceolata-lanceolata Zone.

Van HINTE (1965) described, and SERONIE-VIVIEN (1972) listed the planktlc forammlfera
from the stratotype. Both authors recorded the presence of the following species: Globotruncana
arca (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. obliqua HERM —
and Archaeoglobigerina cretacea (d’ORBIGNY). Van HINTE (1965) illustrates G. cf. plummerae
GANDOLFI, Pseudotextularia elegans (RzEHAK) and G. marginata (REUSS) (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
arca 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 Nasitéw and in a gorge in Bochotmca (fig. 1, table 1). 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 (PoZAryskl and PoZArRyska 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”.

BrAszKIEWICZ (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 (GazpzICKA 1978). The lower zone, the
Litraphidites quadratus Zone, is equivalent to the Belemnella occidentalis and Rugoglobigering
pennyi Zones, and the upper zone, the Nephrolithus frequens Zone, is equivalent 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 (BOLLI), G. calcarata (CUSHMAN) and Abathomphalus mayaroensis (BoLLI),
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 heterohelix-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
BELLIER 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 & la craie tigrée. 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 arca 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 (PozaRrysk1 1938, 1948; CIeSLINSKI 1959, BrAaszKIEWICZ 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 arca Zone = Gonioteuthis granulata-granulatoquadrata + G. quadrata Zones
(Lower Campanian)

Globigerinelloides multispinus Zone = Neancyloceras phaleratum et subsp. 4 Bostrychoceras
sp. nov, + Cirroceras donezianum + Nostoceras vistulae -+ Belemnella lanceolata Zones (Upper
Campanian — lowermost Maastrichtian)

Rugoglobigerina pennyi 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 arca 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 Heterohelicidae 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, pl. 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, Guembelitria cretacea CusHMAN; SMITH and PessaGgNo, pl. 1: 2, 3,4, 5,7, 8, non pl. 1: 1, 6.
1975. Guembelitria cenomana (KELLER); HELLER, pl. 1: 15.
1977. Guembelitria cenomana (KELLER); ALUULLA, pl. 1: 1.

Material. — 17 well preserved specimens.
Dimensions (in mm):
L T

ZPAL FXXIII/2 020 009
ZPAL FXXIII/3 017 008

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. cenomana are larger than cooccurring
specimens of G. cretacea CUSHMAN and G. harrisi TAPPAN and the proportions of their test
dimensions differ. While the length to width ratio in G. cenomana is usually 2-2, in G. cretacea
itis 1-2 and in G. harrisi it is 1-6. The test of G. cenomana (KELLER) is usually somewhat twisted
and almost smooth and the chambers increase gradually in size whereas the chambers of G. har-
risi and especially of G. cretacea increase sharply in size.

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

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

Guembelitria cretacea CUSHMAN, 1933
(pl. 1: 7a-b, 8)

1933. Guembelitria cretacea CUsHMAN; CUSHMAN, 37-38, pl. 4: 12a-b.
1946. Guembelitria cretacea CusHMAN; CusHMAN, 103, pl. 44: 14a—<.
1957. Guembelitria cretacea CUSHMAN; MONTANARO GALLITELLI, 136, pl. 31: la-b.
1960. Guembelitria cretacea CusaMAN; OLssoN, 27-28, pl. 4.
1964. Guembelitria cretacea CusHMAN; LoeBLICH and TAppaN, C652, fig. 523: la-b.
1967. Guembelitria cretacea CUSHMAN; PEssaGgNo, 258, pl. 87: 1, 2, 3.
part. 1973, Guembelitria cretacea CUSHMAN; SMITH and PEssaGNo, 15-16, pl. 1: 1, 6 non pl. 1: 2,3, 4, 5, 7, 8.

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

. L T
ZPAL FXXIN/5 011 0-09
ZPAL FXXIII/6 012 010

Description. — Test triserial throughout, tapering rapidly; chambers globular, spherical
increasing rapidly in size as added; sutures strongly depressed; wall 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 smaller test.

Specimens figured as G. cretacea CUSHMAN by SMITH and PEssagNo (1973, pl. 1: 2, 4, 7)
3 — Palaeontologla Polonica No. 41



34 _ . DANUTA PERYT

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 wide'in the
youngest portion. Because of the cooccurrence of G. cretacea and G. cenomana in_the. Polish
Maastrichtian it seems probable that the specimens discussed by SMITH and PEssAGNO (1973)
properly belong to G. cenomana.

Occurrence, — USA (Texas, Arkansas, Alabama): Middle-Upper Maastrichtian; Central
Poland (Lucimia, Dobre, Podgérz, Megémierz, 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. §: 1-2.
1973. Guembelitria harrisi TappaN; SMITH and PEssaGNo, pl. 2: 1-2.

1977. Guembelitria harrisi TappaN; PETTERS, pl. 1: 1.

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

L T
ZPAL FXXIII/1 016 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,
Podgérz, Meémierz, Bochotnica): Campanian-Maastrichtian.

Genus Guembelitriella TAPPAN, 1940
Guembelitriella sp.
(pl. 1: 9-10)

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

L T
ZPAL FXXIN/7 017 0-10

Description. — Test triserial in earliest portion, somewhat twisted, multiserial in later
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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Subfamily Heterohelicinae 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: 283, 4B, 583, 7B, 8B.
1951. Guembelina globulosa (EHRENBERG); LOEBLICH, 108, pl. 12: 4, 5. '
1957. ‘Heterohelix globulosa (EHRENBERG); MONTANARO GALLITELLI, 137, pl. 31: 12-15.
1967. Heterohelix globulosa (EHRENBERG); PEssaGgNo, 260, pl. 87:5-9, 11-13.

1968. Heterohelix globulosa (EHRENBERG); SLITER, 94-95, pl. 14: 1-3,

1970. Heterohelix globulosa (EHRENBERG); NoORTH and CALDWELL, 47—49, pl. 4: 6a, b.
1970. Heterohelix globulosa (EHRENBERG); TopD, 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, pl. 23: 24,

1974. Heterohelix globulosa (EHRENBERG); KassaB, 80, 81, pl. 1: 1.

1975, Heterohelix globulosa (EHRENBERG); NorTtH and CALDWELL, pl. 4: 8a-b.

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

L w T
ZPAL FXXIII/18 0-28 0-14 010

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 Stupia Nadbrzezna, Stupia Nadbrzezna, Wesotdwka 31, 33, 34, 39, 42, 44, Sulejow,
Walowice, Dorotka, Ciszyca Kolonia, Jozeféw, Lopoczno, Solec, Chotcza, Lucimia, Dobre,
Podgérz, Meémierz, Kazimierz, Bochotnica): Upper Turonian-Maastrichtian.

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

part. 1938. Guembelina moremani CusHMAN; CUSHMAN, 10, pl. 2: 1-2, non pl. 2: 3 (fide ELLIs and MEssiNa, Catalogue
Foram.).
part. 1946. Guembelina moremani CusuMaN; CUSHMAN, 103, 104, pl. 44: 15—16, non pl. 44: 17.
1967. Heterohelix moremani (CUSHMAN); PESSAGNO, 260, 261, pl. 48: 10-11, pl. 89: 1, 2.
1969. Heterohelix moremani (CUSHMAN); BrOwN, 35-36, pl. 1: 8,
1975. Heterohelix moremani (CUSHMAN); NoOrRTH and CALDWELL, pl. 4: 9a—.
1975. Heterohelix moremani (CUSHMAN); DARMOIAN, 191-192, pl. 1: 3.

Material. — 17 specimens.
Dimensions (in mm):
L w T

ZPAL FXX1I1/16 0-16 0-09 0-05
ZPAL FXXIII/17 016 009 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
3
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ornamented 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. Stupia Nadbrzezna, Wesotdwka 37, 38, Swieciechow, Walowice, Ciszyca
Kolonia, .opoczno, Chotcza, Lucimia, Dobre, Meémierz, Kazimierz): Turonian-Maastrichtian.

Heterohelix navarroensis LOEBLICH, 1951
(pl. 3: §, 9a-b)

1951. Heterohelix navarroensis LoEBLICH; LOEBLICH, 107-108, pl. 13: 1, 2, 3a-b, fig. 2.
1951. Heterohelix americana (EBRENBERG); LOEBLICH, 108, fig. 1.
1957. Heterohelix navarroensis LOEBLICH; MONTANARO GALLITELLI, 137, pl. 31; 5a-b, 6, 7, 8, 9, 10, 11.
1960. Heterohelix navarroensis LoesLICH; OLssoN, 27, pl. 2: S.
non 1962. Heterohelix navarroensis LOEBLICH; PESSAGNoO, 358, pl. 1: 4.
1964. Heterohelix americana (EHRENBERG); LoEBLICH and TApraN, C652-654, fig. 523: 5a-b.
1967. Heterohelix navarroensis LoEBLICH; PESSAGNO, 261, pl. 89: 8, 9.
1969. Heterohelix navarroensis LOEBLICH; BROwWN, 33-34, pl. 1: 1, 2, 3, 4, 5, 6a-b.
part. 1969. Heterohelix globulosa (EHRENBERG); FUNNEL et al., 20, pl. 1: 1, 2 non fig. 1.
1972. Heterohelix navarroensis LOEBLICH; HANZLIKOVA, 91, 92, pl. 23: 12, 13.
1973. Heterohelix navarroensis LoeBLICH; SMITH and PESSAGNo, 18-19, pl. 3: 4-5, 6-7.
1973. Heterohelix navarroensis LoeBLICH; OWEN, 54, pl. 14: 1-2,
1974. Heterohelix navarroensis LoeBLicH; Kassas, 81, 82, pl. 1: 2.

Material. — 15 specimens.

Dimensions (in mm):

L w T
ZPAL FXXIII/28 023 012  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, Podgérz, M¢émierz,
Kazimierz, Bochotnica, Nasitow): Uppermost Campanian-Maastrichtian.

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

1938. Guembelina planata CusHMAN; CUSHMAN, 12, pl. 2: 13-14 (fide ErLLis 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); PEssaAGNoO, 358, pl. 1: 3.
1965. Heterohelix cf. planata (CUSHMAN); TAKAYANAGI, 196, pl. 20: 2.
1967. Heterohelix planata (CUusHMAN); PEssaGNoO, 261, 262, pl. 86: 3, 4, 89: 6, 7.
1972. Heterohelix pulchra (BrROTZEN); GOVINDAN, 168, 169, pl. 1: 9-10.
part. 1972. Heterohelix pulchra (BROTZEN); HaNzLIKOVA, 92, pl. 23: 11, non pl. 23: 10a, b.
1974. Heterohelix pulchrec (BROTZEN); VAPTZAROVA, 33, pl. 1: 3-7.
1974. Heterohelix planata (CusumaNn); Kassas, 82, 83, pl. 1: 3.
1975. Heterohelix planata (CusuMaN); DARMOIAN, 192, pl. 1: 8.
1977. Heterohelix pulchra (BROTZEN); SLITER, 541, pl. 6: 7-9.

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

L w T
ZPAL FXXII1/24 028 0-14 007
ZPAL FXXII26  0-28 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 (Jézeféow, Lopoczno, Kaliszany, Wola Pawtowska, Piotrawin,
Solec, Kludzie, Chotcza, Dobre, M¢émierz): Campanian-Upper Maastrichtian.

Heterohelix pulchra (BROTZEN, 1936)
(@l 3: 8

part. 1936, Guembelina pulchra BROTZEN; BROTZEN, 121, pl. 9: 3a-b, non pl. 9: 1a-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); PESsaGgNo, 282, pl. 87: 4.
part. 1968. Heterohelix pulchra (BROTZEN); SLITER, 96, pl. 14: 4-6, non pl. 14: 9.

1969. Heterohelix pulchra (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); EICHER and WORSTELL, 296, pl. 8: 9-10.
part. 1972, Heterohelix pulchra (BROTZEN); HANZLIKOVA, 92, pl. 23: 10a, b, non pl. 23: 11.
non 1972. Heterohelix pulchra (BROTZEN); GOVINDAN, 168—169, pl. 1: 9-10.
non 1973. Heterohelix pulchra (BROTZEN); SLITER, pl. 1: 19,

1974. Heterohelix pulchra (BrorzEN); KAssaB, 83, 84, pl. 1: 4.

1975. Heterohelix pulchra (BROTZEN); 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):

L w T
ZPAL FXXIII/38 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, pl. 4: 6), HANzLIKOVA (1972, pl. 23: 11), GOVINDAN (1972,
pl. 1: 9, 10) and SuiTER (1973, pl. 1: 19) possess subglobular rather than reniform chambers
and therefore should be regarded as Heterohelix planata (CusHMAN). The specimen illustrated
by SLITER (1968, pl. 14: 9) as H. pulchra belongs to GUBLERINA. I agree with PEssaGNO (1967)
that Guembelina pulchra illustrated by BROTZEN in pl. 9: 2a-b properly belongs to Gublerina.

Occurrence. — USA (California, New Jersey): Campanlan -Maastrichtian; Iraq: Conia-
cian-Santonian, Upper Campanian-Maastrichtian; Italy: Campaman—Maastrlchtlan Czecho-
slovakia (Moravia): Santonian-Campanian; Sweden: Coniacian-Santonian; Denmark (Born-
holm): Lower Santonian; Central Poland (Sulejow, Bliskowice, Walowice, Ciszyca Kolonia,
Jozeféw, 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 FXXII1/217 0-28 016 011
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 (Lucimia): Upper Maastrichtian,
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Heterohelix reussi (CiJSHMAN, 1938)
(pl. 3: 10, pl. 7: 13) '

1938. Guembelina reussi CusuMaN; CusBMaN, 11, pl. 2: .6-9.
1946. Guembelina reussi CusumaN; CUsHMAN, 104, pl. 44: 18a-b, 19.
non 1956. Guembelina reussi CusuMaN; Saip and KeNavy, 139, pl. 3: 32.
1967. Heterohelix reussi (CUsHMAN); PEssagNo, 263, pl. 85: 1-9, pl. 86: 1-2.
1969. Heterohelix reussi (CusuMaN); DoucLas, 158, 159. pl. 11: 15.
1969. Heterohelix reussi (CusuMaNn); Esker III, pl. 2: 19.
1972. Heterohelix reussi (CUsHMAN); HaNzLIKOVA, 92, pl. 23: 8, 9.
1974. Heterohelix reussi (CusuMaN); KassaB, 85, 86, pl. 1: 6-8.
1974. Heterohelix reussi (CusamaN); HErs, pl. 4: 14, 15.
1975. Heterohelix reussi (CUSHMAN); DARMOIAN, 194, pl. 1: 16—20.

Material, — 16 specimens.
Dimensions (in mm):
L w T

ZPAL FXXIII/39 0-31 0-18 0-08
ZPAL FXXIII/40 024 018 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, Stupia Nad-

~ brzezna, Kol. Stupia Nadbrzezna, Wesoléwka 33, 34, 39, 42, 44, Walowice, Bliskowice, Ciszyca
Kolonia, Jozeféw): Upper Turonian-Upper Campanian.

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

part. 1840. Textularia.striata EHRENBERG ; EHRENBERG, 135, pl. 4: 1, 2, 3, non pl. 1: 9 (fide ELLis and MEssiNa, Cata-
logue Foram.).
1946. Guembelina striata (EHRENBERG); CUSHMAN, 104, 105, pl. 45: 4, 5.
1962. Heterohelix striata (EHRENBERG); PEssagNo, 358, pl. 1: 5.
1962. Heterohelix navarroensis LOEBLICH; PEssaGgno, 358; pl. 1: 4.
1962. Heterohelix striata (EHRENBERG); BERGGREN, 21, 22, pl. 6: 1a-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. Heterohelix striata (EHRENBERG); TAKAYANAGI, 198, pl. 20:. 4,
1967. Heterohelix striata (EHRENBERG); PEssaGNo, 264, pl. 78: 4, 5, pl. 88: 3-7, pl. 98: 16 (here additional
synonymy included).
1968. Heterohelix striata (EHRENBERG); SLITER, 96 pl. 13: 13.
1969. Heterohelix striata (EHRENBERG); STENESTAD, 653-654, pl. 1: 4, pl. 2: 1, la, 1b, fig. la—c.
1969. Heterohelix striata (EHRENBERG); DoucLas, 159—160, pl. 11: 4, 7, 8.
non 1969. Heterohelix striata (EHRENBERG); FUNNELL ef al., 21, 22, pl. 1: 2, 3, fig. 2.
1971. Heterohelix striata (EHRENBERG); EL-NAGGAR, pl. 7: i.
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1972. Heterohelix striata (EHRENBERG); HANZLIKOVA, 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: 10a-b.
1975. Heterohelix striata (EHRENBERG); STAPLETON, pl. 3: 6a—c.

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

L W T
ZPAL FXXIII/10  0-31 019 o010

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.

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

Heterohelix ultimatumida (WHITE, 1929)
(@l 2: 6

1929. Guembeliina ultimatumida Warre; 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: 10a-b.

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

L w T
ZPAL FXXII/15 032 023 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 (Wesoléwka 44, Efopoczno,
Kaliszany, Wola Pawlowska, Lucimia, Dobre, Meémierz, Kazimierz, Nasilow, Bochotnica):
Campanian-Maastrichtian.

Heterohelix ventilabrelliformis (van der SLuis, 1950)
(pl. 3: 2, 4, 11, 12)

1950. Guembelina ventilabrelliformis van der SLuis; van der SLuils, 21, pl. 1: 2a—c (fide ELL1s and MEessiNA, Catalogue
Foram.).

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

1972. Pseudotextularia carseyae (PLUMMER); HaNzLiKOvA, 94, pl. 23: 20-23.

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

. L w T
ZPAL FXxXam/32 027 012 007
ZPAL FXX1TO/33 026 013  0-07

Description. — Test biserial, tapering; periphery lobate; chambers rectangular in earlies
portion, globular in terminal portion, increasing regulasly 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 of the 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 SLuis (1950) did not mention the
additional aperture, although it has been observed in some specimens (e. g. TAKAYANAGI 1965),
Specimens illustrated by CusHMAN (1938, pl. 2: 3, 5; 1946, pl. 44: 17) as Guembelina moremani
CusHMAN and as Guembelina globocarinata CUSHMAN and by HANZLIKOVA (1972, pl. 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 (Wesotowka 44, Walowice, Kazimierz, Bochotnica): Santonian-Maastrichtian.
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Heterohelix vistulaensis sp. n.
(pl. 4: 1-9, pl. 21: 4)

Holotype: ZPAL FXXI11/42; pl. 4, fig. 2.

Type horizon: Upper Maastrichtian.

Type Iocallty Meémierz.

Derivation of 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. Width of terminal pair
equals often the total test length while length of terminal pair varies from !/, to Y/, of total test length.

Material. -— 30 well preserved specimens.

Dimensions (in mm):

L w T
ZPAL FXXI11/42 011 012 005
ZPAL FXXIII/46  0-12 0-10 006
ZPAL FXXII1/49 014 012 007

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 and 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 dlstmgulshes the new species from all species of genus Heterohelix hitherto described.
H. vyistulaensis 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, Meémierz, Podgdrz, Dobre, Janowiec, Kazi-
mierz): Upper Maastrichtian.

Genus Chiloguembelina LoeBLICH and TAPPAN, 1956

Chiloguembelina praecursor sp. n.
(pl. 3: 1, 3,6, 7)

Helotype: ZPAL FXXIII/36; pl. 3, fig. 6.

Type horizon: Upper Maastrichtian.

Type locality: Kazimierz.

Derivation of the name: from Latin praecursor, the earliest representative of the genus.

Diagnosis: Test 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):
L w T

ZPAL:FXXIII/36 0-33 0-18 0-10
ZPAL FXXIII/37 0-21 014 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 and 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 presencé 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 (Wesotéwka 44, Jarentowskie Pole, Lucimia, Kazimierz):
Campanian-Maastrichtian,

Genus Pseudoguembelina BRONNIMANN and BrROwN, 1953
Pseudoguembelina sp.
@l 2: 1)

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

L w T
ZPAL FXXII1/240 019 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 aperture semicircular, 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 BrROWN in being more slender, in having a moderate rate of increase of
chamber size compared with a sharp increase in Pseudoguembelina palpebra BRONNIMANN and
BrROWN and in having only weakly developed sutural 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 Pseudotextularia RZEHAK, 1891

Pseudotextularia deformis (KIKOINE, 1948)
(pl. 6: 6a, b)

1948. Guembelina striata (EHRENBERG) var. deformis KikoINE; KikOINE, 20, pl. 1: 8a— (fide ELL1S and MESSINA,
Catalogue Foram.).

1960. Pseudotextularia elegans (RzeHAK); OLSsON, 28, pl. 4: 9-10.

1967. Pseudotextularia deformis (KIKOINE); PESSAGNO, 269, pl. 90: 16, pl. 92: 19-21, pl. 97: 16, 17, pl. 98: 15, 17-18.

part. 1969. Pseudotextularia elegans (RzeHAK); BROwWN, 47-54, fig. 9a-b, 10a-b, non fig. 13a—, non pl. 2: 4a-b, non

pl. 3: 2-3.

1970. Pseudotextularia elegans (RzeHAK); Topp, p. 151-152, pl. 5: 5.

1973. Pseudotextularia deformis (KIKOINE); SMITH and PEssaGgNo, 29-30, pl. 9: 1-4, pl. 10: 1, pl. 11: 1-3.

1977. Pseudotextularia deformis (KikoINE); HamMaM and HAyNEs, 53-54, pl. 2: 9.

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

L w T
ZPAL FXXIII/58 026 015 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)
(ol 6: 1, 2)

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

L w T
ZPAL FXXIII/59 030 018 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 apertugal 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, Choicza): Upper Maastrichtian.
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Pseudotextularia sp.

©l 6: 3, 4)
Material. — 6 specimens.
Dimensions (in mm):
L w T
ZPAL FXXIII/60 027 018 012
ZPAL FXXII1/61 023 015 010

Description. — Test biserial, consisting of 67 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 (Wesolowka 42, 44, 45): Upper Maastrlchtlan

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, Planoglobulina acervulinoides (EGGER); CUSHMAN, 111, pl. 47: 15a-b, non pl. 47: 12a-b, 13a-b, 14a-b.
1957. Racemiguembelina fructicosa (EGGER); MONTANARO GALLITELLI, 142-143, pl. 32: 14a-b, 15a-b.
1964. Racemiguembelina fructicosa (EGGER); LoesLICH and TappaN, C656; fig. 525: 8a-b.
1967. Racemiguembelina fructicosa (EGGER); PEssaGgNo, 270, pl. 90: 14-15.
1968. Racemiguembelina fructicosa (EGGER); SLITER, 98, pl. 24: 16.
1970. Racemiguembelina fructicosa (EGGER); Topbp, 152, pl. 5: 7.
1972. Racemiguembelina fructicosa (EGGER); GOVINDAN, 171, pl. 1: 7-8, pl. 2: 8-9.
1973. Racemiguembelina powelli SMiTH and PEessaGNo; SMiTH and PEssaGnNo, 35-37, pl. 11: 4-6, 7-9, 10-12.
1975. Racemiguembelina fructicoa (EGGER); STAPLETON, pl. 2: 10a—c.
1977. Racemiguembelina fructicosa (EGGER); 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, Alabama, Arkansas), Mexico: Upper Maastrichtian; India:
Upper Maastrichtian; South Africa: Upper Maastrichtian; Poland — Carpathians (Kruhel):
Maastrichtian, Central Poland (Chotcza): Lower Maastrichtian,

Genus Planoglobulina CUSHMAN, 1927
Planvglobulina acervulinoides (EGGER, 1899)
®L 5: 5)

1926. Pseudotextularia acervulinoides (EGGER); CusHMAN, 17, pl. 2: 5.

part. 1946. Planoglobulina acervulinoides (EGGER); CusHMAN, 111, pl. 47: 12, 13, non pl. 47: 14, 15.
1969. Planioglobulina acervulinoides (EGGER); FUNNELL et al., 22, 23, fig. 4, pl. 1: 7, 8. o
1974. Planoglobulina acervulinoides (EGGER); VAPTZAROVA, 37, pl. 1: 23-25.
1975. Planoglobulina acervulinoides (EGGER); STAPLETON, pl. 3: 7a.
1976. Planoglobulina acervulinoides (EGGER); WRIGHT and APTHORPE, 238, pl. 1: 2.

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

| L W T
ZPAL FXXIII/56 0-32 022 012

Description. — Test biserial in earlier portion, multiserial in later portion, consisting
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.
chambers in the multrserral portron of the test and by possessing a less inflated test in the multl-
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
©!. 5: 4a, b)

1962. Pseudotextularia ( Racemiguembelina) fructicosa (EGGER); BERGGREN, 22, pl. 6: 6a, b.

1967. Planoglobulina acervulinoides (EGGER); PEssagNo, 271, pl. 87: 14.

1972. Planoglobulina brazoensis MarRTIN; MARTIN, 82-83, pl. 3: 7a—c, pl. 4: 1-2.

1973. Planoglobulina brazoensis MARTIN; SMITH and PESSAGNoO, 20-21, pl. 4: 5-7, 8-10, pl. 5: 1-2.

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

L w T
ZPAL FXXIII/55 0-33 0-24 0-16

Description. — Test initially biserial, later multiserial; chambers in biserial portion
flattened, increasing slowly in size as added; chambers in multrserral 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; PLUMMER, 178, pl. 9: 7-9.

1957. Planoglobulina carseyae (PLUMMER); MONTANARO GALLITELLI, pl. 32; 13.

1960. Planoglobulina carseyae (PLUMMER); OLsSON, 29, pl. 4: 13.

1967. Planoglobulina carseyae (PLUMMER); PEssaGgno, 271, pl. 87: 10, 15, 16.

1970. Planoglobulina carseyae (PLUMMER); TopD, 152, pl. 5: 6.

1972, Planoglobulina carseyae (PLUMMER); GOVINDAN, 171-172, pl. 1: 17.

1972, Planoglobulina (?) carseyae (PLUMMER); MARTIN, 83—84, pl. 4: 4—17.

1973. Planoglobulina carseyae (PLUMMER); SMITH and PEssagno, 21-22, pl. 5: 3-4, 5-7, 8-10, 11-12.

Material. — Nine well preserved specimens.
Dimensions (in mm):
L W T

ZPAL FXXIII/52 0-27 022 010
ZPAL FXXIII/53 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
(Wesotowka 39, Ciszyca Kolonia, Wola Pawlowska, Chotcza, Lucimia, Dobre, Kazimierz):
Coniacian-Upper Maastrichtian.

Family Planomalinidae BoLLi, LoEBLICH and TAPpaN, 1957
Genus Globigerinelloides CUSHMAN and TeEnN DaAM, 1948

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

1934. Anomalina bentonensis MorrOW; Morrow, 201, pl. 30: 4a-b.

1961. Globigerinelloides bentonensis (MORROW); LoEBLICH and TAPPAN, 267, pl. 2: 8—10.

1967. Globigerinelloides bentonensis (MORROW); PEssagNo, 275, pl. 76: 10-11.

1970. Globigerinelloides bentonensis (MoRROW); EICHER and WORSTELL, 297, pl. 8: 17a-b, 19a-b, pl. 9: 3a-b.
1972. Globigerinelloides bentonensis.(MoRKOW); MiCHAEL, 208, pl. 1: 4-6.

1975. Globigerinelloides bentonensis (MorrowW); HELLER, pl. 1: 16.

1975. Globigerinelloides bentonensis (MorROW); NorTH and CALDWELL, pl. 4: 13a—c.
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Material. — 27 specimens.
Dimensions (in mm):

L w T
ZPAL FXXIII/67 026 024 012
ZPAL FXXII1/68 028 025 013

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 — 16dz
region: Upper Cenomanian-Turonian, Central Poland (Shupia Nadbrzezna, Wesotowka 31, 33,
34, 43): Upper Turonian-Santonian.

Globigerinelloides caseyi (BoLLl, LOEBLICH and TAPPAN, 1957)
(pl. 7: 3, 4)

1957. Planomalina caseyi BorLLr, LoeBLICH and TAPPAN; BoLLi, LoEBLICH and TAPPAN, 24, pl. 1: 4-5.

1961. Globigerinelloides eaglefordensis (MOREMAN); LoEBLICR and TAPPAN, 268, pl. 2: 3a-7b.

1964. Globigerinelloides eaglefordensis (MOREMAN); LoEBLICH and TAPPAN, C657-658, fig. 526: 7a, b.

1967. Globigerinelloides caseyi (BoLLl, LoEBLICH and TAPPAN); PessaGNoO, 276, pl. 49: 2-5.

1969. Globigerinelloides caseyi (BoLLi, LoEBLICH and TapraN); DoucLas, 161, pl. 5: 9.

1970. Globigerinelloides caseyi (BoLLi, LoeBLICH and TapPaN); EicHER and WORSTELL, 297, 298, pl. 8: 11, 15a-
b, 16.

1971. Globigerinelloides caseyi (BoLL1, LOEBLICH and TaPPaN); EL-NAGGAR, pl. 3: 1-0.

1971. Globigerinelloides caseyi (BoLLi, LOEBLICH and TAPPAN); BELFORD and SCHEIBNEROVA, pl. 3: 17-19.

1974, Globigerinelloides caseyi(BoLL1, LoEBLICH and TaPpaN); HEers, 751, pl. 2: 9.

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

, L W T
ZPAL FXXI11/64 023 018 010
ZPAL FXX1I1/65 024 018 011

Description. — Test pfanispiral; 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. caseyi, 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)

1948. Biglobigerinella multispina LALICKER ; LALICKER, pl. 92: 1-3, (fide ErLis and MEssINA, Catalogue Foram.).

1956. Globigerinella biforaminata (HorkER); Bukowy and GEerocH, 317, 318, pl. 28: 3.

1957. Biglobigerinella multispina LLALICKER; LOEBLICH et al., 24, pl. 1: 11-12b.

1962. Planomalina multispina (LALICKER); BARR, 563-564, pl. 69: 5a, b.

part. 1962, Planomalina (Globigerinelloides) messinaz (BRONNIMANN); BERGGREN, 4446, pl. 8: 4a—, 6a—, 8a—, non

pl. 8: 7a-c, fig. 6: 2a, b, 5a-b, non fig. 6: 1a-b, 3a—e, 4a, b, 6a-c, fig. 7: 6a-b, 7a—, 8a, b, non fig. 7:
la-b, 2a-b, 3a-b, 4a-b, 5a-b.

1962. Globigerinella voluta pinguis HerM; HERM, 52, pl. 1: 2.

1962. Biglobigerinella multispina LALICKER; HERM, 53, pl. 3: 8.

1964. Globigerinelloides messinae (BRONNIMANN)Y; OLssoN, 174—176, pl. 7: 6a-b, 7a-b, 8a-b.

1964. Biglobigerinella multispina LALICKER; LOEBLICH and TapPAN, C656, fig. 526: Sa-b.

1967. Globigerinelloides multispina (LALICKER); PESsAGNoO, 276-277, pl. 70: 1-2, pl. 82: 10-11, pl. 91: 1-2.

1968. Globigerinelloides messinae (BRONNIMANN); SLITER, 99 pl. 15: 3, 5.

1969. Globigerinelloides multispina (LALICKER); DoucLas, 161, 162, pl. 9: 6.

1970. Globigerina (Biglobigerinellu) biforminata Horker; TopD, 152, pl. 5: 10.

1970. Globigerinelloides messinae (BRONNIMANN); NorTH and CALDWELL, 49, 50, pl. 4: 4a—c.

1972 Globigerinelloides multispina (LALICKER); HANZLIKOVA, 99, pl. 25: 24,

1972. Globigerinelloides messinae (BRONNIMANN); GOVINDAN, 172, pl. 2: 20-23.

1973. Globigerinelloides multispina (LALICKER); SMITH and PEssaGgNo, 38-39, pl. 13: 1-2, 3-6, 7, 8-9, 10-11.

1974. Globigerinelloides messinae (BRONNIMANN); VAPTZAROVA, 38, pl. 2: 1, 2.

1975. Globigerinelloides messinae (BRONNIMANN); STAPLETON, pl. 2: 4a—.

1975. Globigerinelloides messinae (BRONNIMANN); NoRTH and CALDWELL, pl. 4: 12a—c.

1977. Globigerinelloides multispina (LALICKER); RODRIGUEZ, 90, pl. I: 6.

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

L w T
ZPAL FXXI11/76 0-18 0-16 0-10
ZPAL FXXIII/79 0-17 0-13 0-09

ZPAL FXXIII/82 0-18 0-16 011

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-
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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 (Sulejow, J6zefow, 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, pl. 90: 1-2, 4, pl. 97: 34.
1973. Globigerinelloides prairiehillensis Pessagno; SMITH and PEssagNo, 39, pl. 14: 1-2, 3-4.

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

L w T
ZPAL FXXII1/72 016 013 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. I.

Occurrence. — USA: Upper Santonian-Lower Maastrichtian; Central Poland (Sulejow,
Watowice, 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, pl. 28: Sa-b.

non 1962. Globigerinella voluta voluta (WRITE); HErM, 51, pl. 3: 7.
1967. Globigerinelloides volutus (WHITE); PEssaGNo, 278-279, pl. 62: 9, 10-11, pl. 100: 9.
1973. Globigerinelloides volutus (WHITE); SMITH and PEssaGgno, 41, 42, pl. 16: 1-2, 3-4.

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

L w T
ZPAL FXXIII/62 0-22 0-14 0-08
ZPAL FXXII1/63 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 équatorial 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 (BRONNIMANN) and G. subcarinatus (BRONNIMANN). 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-
jow, Lopoczno, Jarentowskie Pole, Chotcza, Lucimia, Kazimierz, Bochotnica): Upper Cam-
panian-Maastrichtian.

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

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

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

L w T
ZPAL FXXIII/69 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, w1th 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 (Bliskowice, 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
(1. 10: 2a-d)

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

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

L w T
ZPAL FXXIII/95 0-21 016 010

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 pustulae; umbilicus wide, shallow;
primary aperture extraumbilical, with a small imperforate flap.

4+
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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 Stupia Nadbrzezna, Wesotowka 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 DoucLas and Rankin; HanzLikova, 100, pl. 25: 5-7.
1973. Hedbergella bornholmensis DoucLas and RANKIN; NORLING, 109-110, pl. 5: la—c.

Material. — 19 specimens.
Dimensions (in mm):
L w T
ZPAL FXXIII/90 025 018 013
ZPAL FXXII1/92 023 017 012

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 narrew, deep; primary aperture extraumbilical-umbilical, with a narrow bordering
lip.

Remarks. — H. bornholmensis is somewhat similar to Whiteinella baltica 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 (Wesotowka 31, 34, 37, 40, 42, Dorotka, Ciszyca Kolonia): Turonian-Campanian.

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

1961. Hedbergella brittonensis LoeBLICH and TAppPAN; LoEesLICH and TAPPAN, 274-275, pl. 4: 1-8.

1967. Hedbergella brittonensis LoEBLICH and TAPPAN; PEssaGgNo, 282, pl. 52: 9-12.

1969. Hedbergella brittonensis LoeBLicH and TAPPAN; NEaGu, 139, pl. 13: 7-13, pl. 14: 1-6, 16-18, pl. 15: 1-2.
1972. Hedbergella brittonensis LoEBLICH and TAPPAN; BARRg, 13, pl. 1: 9.

1975. Hedbergella brittonensis LoEBLICH and Tappan; HELLER, 239, pl. 1: 19.

1975. Hedbergella postdownensis (WILLIAMS-MITCHELL); NORTH and CALDWELL, pl. 5: 2a—, 3a, b.

1975. Hedbergelia brittonensis LOEBLICH and TAPPAN; LUTERBACHER, pl. 2: 1.

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

L w T
ZPAL FXXI1II/88 0-35 0-33 0-24
ZPAL FXXIII/93 041 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 — £6dZ region:
Upper Albian-Turonian, Central Poland (Jakubowice, Karsy, Opoczka, Stupia Nadbrzezna,
Kol. Stupia Nadb., Wesotowka 31-40): Turonian-Santonian.

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

Material. — 30 specimens.
Dimensions (in mm):
L W T
ZPAL FXXIII/96 022 018 012

Description. — Test trochospiral, nearly flat on spiral and umbilical sides; inner whorls
slightly depressed; equatorial periphery lobate; test consisting of 2-2'/, 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 (VASSILENKO) 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 cooccurring
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 Stupia Nad-
brzezna, Wesotdéwka 31): Cenomanian-Coniacian.

Hedbergella crassa (BoLL1, 1959)
(L 9: 2, 3,4

1959. Praeglobotruncana crassa BoLLi; BoLLy, 265, pl. 21: la-2.

1962. Praeglobotruncana crassa BoLLl; PEssagNo, 358, pl. 6: 5-6.

1965. Hedbergella crassa (BoLL1); TAKAYANAGI, 203-204, pl. 21: 2a—.

1969. Hedbergella crassa (BoLLY); DoUGLAS, 165-166, pl. 5: 2.

1974. Hedbergella crassa (BoLLy); HERB, 752, pl. 4: 12, 13.
Material. — 18 well preserved specimens.

Dimensions (in mm):

L w T
ZPAL FXXIII/84 017 013 0-07
ZPAL FXXIII/86 016 014 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: la—c)

1926. Globigerina cretacea d’ORBIGNY var. delrioensis CARSEY; CARSEY, 43 (fide ELLis and MEssINA, Catalogue
Foram.).

1967. Hedbergella delrioensis (CARSEY); PEssaGgNo, 282-283, pl. 48: 1, 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. Hedbergella delrioensis (CArsEY); EL-NAGGAR, pl. 6: a—.

1972. Hedbergella delrioensis (CARSEY); BARR, 13, pl. 2: la—.

1973. Hedbergella delrioensis (CARSEY); DAILEY, 82, pl. 17: a—c.

1974. Hedbergella delrioensis (CARSEY); HErs, 752, pl. 3: 15-18.

1974, Hedbergella delrioensis (CARSEY); LONGORIA, pl. 10: 1-3.

1975. Hedbergella delrioensis (CarsEY); NorTH and CALDWELL, pl. 4: 16a—c, 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):

L w T
ZPAL FXXIII/94 020 018 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 —E6dz region: Turonian,
Central Poland (Jakubowice, Karsy, Opoczka, Stupia Nadbrzezna, Wesolowka 32, 33, 34,
40, 42, Swieciechéw, Ciszyca Kolonia): Cenomanian-Campanian. ‘

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

1940. Globigerina planispira TAPPAN; TAPPAN, 12, pl. 19: 12.

1967. Hedbergella planispira (TappaN); PESsaGNO, 283, 284, pl. 52: 1, pl. 53: 1, 2, 3, 4 (here additional synonymy
included).

1968. Hedbergella planispira (TAPPAN); BaRR, 314, pl. 37: 4, 5.

1969. Hedbergella planispira (TappaN); DouGLaAs, 168, pl. 5: 1.

1969. Hedbergella planispira (TAPPAN); PoRTHAULT, 530, pl. 1: 4a—.

1970. Hedbergella planispira (TappaN); EicHER and WoRsSTELL, 302, 303, pl. 9: 12, 13a—<.

1971. Hedbergella planispira (TappanN); EL-NAGGAR, pl. 6: d-t.

1972. Hedbergella planispira (TAPPAN); GOVINDAN, 172-173, pl. 2: 17-19.
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1972. Hedbergella planispira (TAPPAN); BARR, 14, pl. 1: 6a—c.
non 1972. Hedbergella planispira (TaAPPAN); HANZLIKOVA, 101, pl. 26: 1, 2, pl. 25:15.

1973. Hedbergella planispira (Tappan); DaILEY, 82, 83, pl. 17: 4a—c.

1974. Hedbergella planispira (TapPaN); HERB, 752, pl. 1: 1-5, pl. 2: 5-8, pl. 3: 1-8, pl. 4: 10, 11.
non 1975. Hedbergella planispira (TAPPAN); NoRTH and CALDWELL, pl. 5: la—c.

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

L w T
ZPAL FXXIII/97 011 0-10 005

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. planispira).

Occurrence. — Trinidad: Albian-Cenomanian; Cuba: Cenomanian; Mexico, Texas:
Cenomanian-Coniacian; California: Turonian-Campanian; India: Campanian-Maastrichtian;
USSR: Albian-Cenomanian; Central Poland (Jakubowice, Wesotéwka 31, 33, 34, 38, 40, 42,
Swieciechéw, Bliskowice, Walowice, Dorotka, Ciszyca Gérna, Jozeféw, Lopoczno, Kaliszany,
Piotrawin, Kazimierz, Bochotnica): Cenomanian-Maastrichtian, NW Poland and £.6dzZ region:
Albian-Cenomanian.

Hedbergella portsdownensis (WILLIAMS-MITCHELL, 1948)
(pl. 9: la—<c)

1948. Globigerina portsdownensis WILLIAMS-MITCHELL; WILLIAMS-MITCHELL, 96, pl. 8: 4.
1961. Hedbergella portsdownensis (WILLIAMS-MrITCHELL); LoEeBLICH and TappaN, 277, pl. 5: 3.
1969. Hedbergella portsdownensis (WILLIAMS-MITCHELL); DouGLAs and RANKIN, 194-196, fig. 7.
1969. Hedbergella portsdownensis (WILLIAMS-MITCHELL); PorTHAULT, 530, pl. 1: 5a—c.
1970. Hedbergella portsdownensis (WILLIAMS-MITCHELL); EICHER and WORSTELL, p. 304, pl. 10: la—, 2a-b.
1973. Hedbergella portsdownensis (WILLIAMS-MITCHELL); DAILEY, 83, pl. 17: 5a—c.
non 1975. Hedbergella portsdcwnensis (WiLLIAMS-MITCHELL); NORTH and CALDWELL, pl. 5: 2a—c, 3a, b.

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

L w T
ZPAL FXXIII/83 0-28 0-23 0-20

Description. — Test highly trochospiral, consisting of 2 3/, to 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 (Stupia Nadbrzezna, Wesotéwka 31, 40, 42): Turonian.
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Hedbergella simplicissima (MAGNE and SIGaL, 1953)
(p. 10: 7, 8

1953. Hastigerinella simplicissima MAGNE and S1GAL; MAGNE and SI1GAL, 487, pl. 14: 11a—c (fide ELLIs and MESSINA,
Catalogue Foram.).
1959. Globigerina cretacea d’ORBIGNY; BoLLi, 270, pl. 22: 8, 9.
1961. Hedbergella amabilis LoeBLICH and TapPaN; LOEBLICH and TAPPAN, 274, pl. 3: la—¢c — 10a—.
part. 1961. Clavihedbergella simplex (MORROW); LoEBLICH and TAPPAN, pl. 3: 11a—<, non pl. 3: 12a— — 14a—c.
1963. Hedbergella amabilis LoEBLICH and TaPPAN; RENZ, LUTERBACHER and SCHNEIDER, 1084, pl. 9: 4a—c, 6a—.
1966. Clavihedbergella simplicissima (MAGNE and Si1GaL); CaroNn, 71, pl. 6: Sa—.
1966. Clavihedbergella amabilis (LoEBLICH and TAPPAN); SALAJ and SAMUEL, 173, pl. 10: 3a—.
1967. Hedbergella amabilis LoEBLICH and TAPPAN; PESSAGNO, 281-282, pl. 52: 6-8.
1969. Hedbergella simplicissima (MAGNE and S1GaL); NEaGu, 140, pl. 13: 1-6.
1969. Hedbergella amabilis LoeBLICH and TappaN; DoucLas, 165, pl. 4: 8.
1970. Hedbergella amabilis LoeBLICH and TAaPPaN; EICHER and WORSTELL, 300, 301, pl. 9: 6-7, 9a-c.
1972. Hedbergella amabilis LoesLICH and Tappan; Barg, 13, pl. 2: 3a-<,
1972. Clavihedbergella simplex (MORROW); BARR, 14, 15, pl. 2: 2a-b.
1972. Clavihedbergella simplicissima (MAGNE and SiGaL); Gawor-Biepowa, 72-73, pl. 7: 3a-c.
1973. Hedbergella amabilis LoesLicH and TappaN; DaILEY, 82, pl. 16: 4a—.
1974, Hedbergella simplicissima (MAGNE and S1GaL); Hers, 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); NorRTH and CALDWELL, pl. 4: 15a—c.

Material. — 9 specimens.
Dimensions (in mm):
L w T
ZPAL FXXIII/99 036 025 016

Description. — Test low trochospiral, biconvex, strongly lobulate, consisting of 2 1/,-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). T 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 TappanN (1961) (pl. 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 Cenomanian; 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: Sa—c)

Material. — 4 specimens.
Dimensions (in mm):
L w T
ZPAL FXXIII/113 042 031 022

Description. — Test trochospiral, strongly spiroconvex; peripheral margin subcircular,
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 LoesLiICH 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 (MORROW) 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
(ol. 13: 4, 5, 6)

1931. Globorotalia delrioensis PLUMMER; PLUMMER, 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 delrioensis (PLUMMER); BoLL1, LoEBLICH and TApPAN, 39, pl. 9: 1.

1961. Praeglobotruncana delrioensis (PLUMMER); LoEBLICH and TappaN, 280-284, pl. 6: 9-12.

1967. Praeglobotruncana delrioensis (PLUMMER); PEssaGNo, pl. 52: 3-5, pl. 100: 7.

1969. Praeglobotruncana delrioensis (PLUMMER); 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: 7a—c.

1973. Praeglobotruncana delrioensis (PLUMMER); DaILEY, 83, pl. 18: la—c.

1974. Praeglobotruncana delrioensis (PLUMMER); HERB, 753, pl. 3: 14, fig. 5, 6.

1977. Praeglobotruncana delrioensis (PLUMMER); SLITER, 542, pl. 8: 1-3, 6.

Material. — 17 specimens.
Dimensions (in mm): °
L w T
ZPAL FXXI/117 029 022 015

Description. — Test trochospiral, biconvex, consisting of 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
(pl. 12: 3a-c)

1972. Praeglobotruncana hilalensis Barr; BARR, p. 15, pl. 2: 4a—c.

Material. — One specimen.
Dimensions (in mm):
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L w T
ZPAL FXXIII/111 0-35 0-31 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 (PLUMMER) 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)
®. 13: 7, 8, 9)

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

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

1954, Globotruncana stephani GANDOLFI var. turbinata REICBEL; HAGN and ZEIL, 34, pl. 2: 2, pl. 5: 3, 4.

1957. Praeglobotruncana stephani (GANDOLFI); BoLLy, LoesLIcH and TAPPAN, 39, pl. 9: 2.

1958. Globotruncana stephani var. stephani GANDOLFI; WITWICK4, 209, 210, pl. 14: 26a—.

1961, Praeglobotruncana stephani (GaANDOLFI); LoEBLICH and TAPPAN, 284, 286, 288, 290, pl. 6: 1-8.

1963. Rotundina stephani (GANDOLFI); SALAJ and SAMUEL, 103, 104, pl. 6: 2a-c, 3a—.

1963. Praegloboiruncana stephani (GANDOLF1); RENZ, LUTERBACHER and SCHNEIDER, 1086, pl. 9: la—.

1964. Praeglobotruncana stephani (GANDOLF1); LoEBLicB and TarpaN, C659, fig. 527: 3a-c.

1965. Praeglobotruncana stephani (GANDOLFI); TAKAYANAGI, 207, pl. 22: 3,

1966. Praeglobotruncana stephani (GANDOLF1); DoucGLas and SLiTER, 107, pl. 5: 1.

1966. Praeglobotruncana stephani stephani (GaAnDOLF1); CARON, 73, pl. 2: 3a—c.

1967. Praeglobotruncana stephani (GANDOLFI); PEssaGNo, 287, pl. 50: 9-11.

1969. Praeglobotruncana stephani (GANDOLFI); MOORKENS, 446, pl. 1: 5.

1969. Praeglobotruncana stephani (GANDOLFI); DoucLas, 173, pl. 2: la—c.

1969. Praeglobotruncana stephani stephani (GANDOLF1); NEAGU, 140, pl. 16: 1-3, 7-12, pl. 18: 4-6, 9-10, pl. 21:
9-10, pl. 23: 3.

1969. Praeglobotruncana stephani (GaNpOLFI); CARON and LUTERBACHER, 26, pl. 8: 7.

1970. Praeglobotruncana stephani (GanpooLri); EICHER and WorsTELL, 308, pl. 10: 9, pl. 11: 2a—, 3.

1971. Praeglobotruncana stephani stephani (GANDOLFI); BELFORD and SCHEIBNEROVA, 331, 332, pl. I: 1-7.

1972. Praeglobotruncana stephani (GANDOLFI); BARR, 15, 16, pl. 2: 6a—.

1972. Praeglobotruncana stephani (GANDOLEI); GAWOR-BIEDOWA, 76, 77, pl. 8: la—c.

1973. Praeglobotruncana stephani (GANDOLFL); DAILEY, 84, pl. 18: 2a—c.

Material. -— 18 specimens.
Dimensions (in mm):
L w T
ZPAL FXXIUI/120 054 045 030
© ZPAL FXXII/122 051 043 028

Description. — Test trochospiral, spiroconvex, 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
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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 (aréa studied: Jakubowice, Karsy,
Opoczka-Upper Cenomanian-Lower Turonian), E Poland (Chetm): Upper Cenomanian,
Carpathians (Bachowice): Uppermost Cenomanian-Lower Turonian, Sudetes: Upper Ceno-
manian-Lower Turonian. ‘ '

Family Rotaliporidae SicaL, 1958
Genus Rotalipora BROTZEN, 1942

Rotalipora cushmani (MORROW, 1934)
(pl. 11: 1ga—¢c — 4a-¢)

1934. Globorotalia cushmani MoORROW; 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 BoLL1; BoLL1, 224, 255, pl. 9: 3, 4.

1946. Globorotalia cushmani Morrow; CUSHMAN, pl. 62: 9a—.

1956. Rotalipora cushmani (MORROW); BRONNIMANN and Brown, 537, pl. 20: 10-12.

1957. Rotalipora turonica (BROTZEN); BoLL1, LoEBLICH and TAPPAN, 41, pl. 9: 6a—c.

1957, Globorotalia (Rotalipora) cf. Globorotalia (Rotalipora) turonica BRoTZEN; EDGELL, 109, pl. 1: 16-18.
rart. 1961, Rotalipora cushmani (MorrROW); LoOEBLICH and TAPPAN, 297, 298, pl. 8: 2-8, 10, non pl. 8: 1, 9.

1964. Rotalipora cushmani (MorrOW); LoEBLICH and TAPPAN, 659-661, fig. 528: la—c, 2a—c.

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: 1, 2.

1969. Rotalipora cushmani (MorrOW); DoucLas, 173, 174, pl. 1: 1-2,

1969. Rotalipora cushmani (MORROW); PORTHAULT, 534, 535, pl. 1: 1la—.

1970. Rotalipora cushmani (MORROW); EICHER and WORSTELL, 310, pl. 12: 3a—, 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 ZriL; GAwWoOR-BIEDOWA, 81-82, pl. 10: 3-4.

1973. Rotalipora cushmani (MorrROW); DAILEY, 84, pl. 18: 3a—<.

1973. Rotalipora cushmani (MORROW); LONGORIA, 457-458, pl. 23: la—d, pl. 24: 1, 3a.

1976. Rotalipora cushmani (MORROW); RoBaszyNskI and Livin, pl. 1: 1, 2, 3.

Material. — 5 specimens.
Dimensions (in mm):
L w T

ZPAL FXXIII/101 0-35 0-25 0-20
ZPAL FXXII1/103 048 0-39 021

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 (/. ¢.)infig. 10 in the synonymy of R. cushmani and designat-
ed the specimen presented in fig. 11-4 as a lectotype for R. turonica. 1 agree with LOEBLICH
and TApPAN (1961) and PessaGNO-(1967) that there is a wide range of the spiral convexity of
Rotalipora cushmani (MorrOWw) 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, £.6dz region: Cenomanian, Central Poland (Jakubowice): Upper Cenomanian, Sudetes:
Middle Cenomanian.

Family Marginotruncanidae PEssagno, 1967
Marginotruncana caronae sp. n.
(pl. 15: la-c)

Holotype: ZPAL FXXIII/132; pl. 15, fig. la.

Type horizon: Upper Turonian.

Type locality: Slupia Nadbrzezna.

Derivation of the name: dedicated to Dr. MICHELE CARON, a Suxss 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):

L 4 T
ZPAL FXXIII/132 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 '/,-3 whorls; chambers petaloid, slightly
inflated on spiral side, subrectangular, convex most strongly around umbilicus, on umbilical
side; final whorl consisting of 4!/,-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 Stupia Nadbrzezna, Wesotdéwka 31, 32,
33, 34, 39): Upper Turonian-Lower Santonian.

Marginotruncana coronata (BoLL1, 1944)
(pl. 16: la-c, 2a-c)

part. 1944, Globotruncana lapparenti coronata BoLLi; BorLi, 233, fig. 1: 21, 22, pl. 9: 15, non pl. 9: 14.
1954. Globotruncana lapparenti coronata BoLLl; KSIAZKIEWICZ, 273, 274, pl. 31: 17, 18; text-fig. 43-44.
1966. Globotruncana lapparenti coronata BoLLl; Caron, 80, pl. 4: la—c.
1967. Marginotruncana coronata (BoLLY); PEssaGNo, 305, 306, pl. 65: 11-13, pl. 100: 6 (here additional synonymy).
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1969. Globotruncana coronata BoLLl; MOORKENS, 449450, pl. 2: 5.
part. 1969. Globotruncana coronata BoLLl; DouGLas, 177, 178, pl. 3: 6-8, non pl. 3: 5.
1969. Marginotruncana coronata (BoLL1); Esker III, 214, pl. 1: 9-11.
1970. Marginotruncana coronata (BoLL1); PORTHAULT, 53, pl. 11: 1-3.
1972. Globotruncana coronata BoLLl; HANZLIKOVA, 104, pl. 28: 1.
1972. Globotruncana coronata BoLL1; BARR, 10-20, pl. 9: la—c, pl. 10: la—.
1973. Globotruncana coronata BoLLi; OWEN, 58, pl. 15: 10-12.
1976. Globotruncana coronata BoLLl; RoBAszyNskI and Livin, pl. 1: 10, 11, 12,
1976. Globotruncana coronata BoLLL; VAPTZAROVA, 53, 54, pl. 1: 4, 5, 6.
part. 1976. Globotruncana coronata BoLL1; IBRARIM, 98, pl. 2: 1-3, 5-7, 8a—c, 9-11, non pl. 98: 4a, b, c.

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

L w T
ZPAL FXXIII/105 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 21 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 om 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 pl. 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, Stupia
Nadbrzezna, Kol. Stupia Nadbrzezna, Wesotéwka 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. Globotruncana longilocula GANDOLFI; GANDOLFI, 17-19, pl. 1: 1a—. pl. 3, pl. 4: 4a—.

Material. — 21 specimens.
Dimensions (in mm):
L w T
ZPAL FXXIII/127 056 041 020

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, beaded; 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 (GANDOLF) 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 (Wesotowka 38, 39, 42, 43, 44): Santonian,

Marginotruncana marginata (Reuss, 1845)
(ol. 17: 2a-c, 3a-c)

1845. Rosalina marginata REuss; REuss, 36, pl. 8: 54a, b, 74a, b, pl. 13: 68a, b.

1956. Globotruncana marginata (REUss); JIRova, 239-255, pl. 1: la—c (here additional synonymy).
part. 1962. Globotruncana marginata (REUsS); BARR, 574, 575.
non 1965. Globotruncana marginata (Reuss); TAKAYANAGI, 218, pl. 26: 3, 4.
non 1965. Globotruncana marginata (REuss); van HINTE, 23, pl. 1: 2.
non 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); SLITER, 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, pl. 20: 18-20.

1972. Globotruncanu marginata (Reuss); HanzLikova, 108, pl. 30: 3, 4.

1972. Globotruncana marginata (REuss); BARR, 22, pl. 4: 8a—c.
non 1972. Globotruncana marginata (Reuss); GoviNpan, 179, 180, pl. 4: 10-1.

1973. Globotruncana marginata (REUss); NorRLING, 111, pl. 8: la—c.

1975. Globotruncana lapparenti bulloides VOGLER; HELLER, pl. 3: 11

1976. Globotruncana marginata (REUSS); VAPTZAROVA, 54, 55, pl. 1: 14, 16.

" 1976. Globotruncana marginata (REuss); IBRAHIM, 123, pl. 4: 11-12a, b.

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

L w T
ZPAL FXXIII/149 0-50 0-40 015

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, — JirRovaA (1956), after stating that the type specimen of R. marginata has been
lost, designated a neotype from specimens collected at the type locality of LuzZice 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 port1c1 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 — £.6dZ region: Upper Turonian-Santonian, Central Poland (Opoczka,
Kolonia Stupia Nadbrzezna, Stupia Nadbrzezna, Wesotowka 31, 32, 33, 34, 38, 39, 40, 41, 43):
Turonian-Santonian.

Marginotruncana paraconcavata PORTHAULT, 1970
(pl. 14: 3a—c)

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

Material. — 20 specimens.
Dimensions (in mm):
L w T

ZPAL FXXI1I/130 0-50 0-42 0-20
ZPAL FXXI1I1/219 046 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 (Stupia
Nadbrzezna, Wesotéwka 32, 34, 39, 40, 41, 44): Upper Turonian-Lowermost Campanian.

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

part. 1966. Globotruncana linneiana (d’OrRBIGNY); DouGLAs and "SLITER, 112, pl. 4: 4, 6, 9, non pl. 5: 6, 7, 8.
1967. Marginotruncana pseudolinneiana PESSAGNO; PEssaGNoO, 310, pl. 65: 24-27, pl. 76: 1-3.
part. 1969. Globotruncana pseudolinneiana (PEssagNo); DoucLas, 184, pl. 3: 2-3, non pl. 3: 4, fig. 6.
1969. Globotruncana pseudolinneiana (PEsSsAGNO); DoucLas and RaNKIN, 207, 208, fig. 16, 17.
1970. Marginotruncana pseudolinneiana PESSAGNO; PORTHAULT, 54, pl. 11: 9-10.
1971. Globotruncana pseudolinneiana (PEssaGNO); BELFORD and SCHEIBNEROVA, pl. 2: 13-16.
1972. Globotruncana pseudolinneiana (PEssaGNO); HaNzLikova, 109, pl. 29.
1973. Globotruncana pseudolinneiana (PEssAGNO); OWEN, 59, pl. 17: 4-6.
1975. Globotruncana lapparenti lapparenti BRoTzEN; HELLER, pl. 3: 13.
1977. Marginotruncana pseudolinneiana PEssAGNO; LamoLDa, 400401, pl. 2: 5.

‘Material. — 28 well preserved specimens.
Dimensions (in mm):
L w T

ZPAL FXXIII/128 0-44 033 013
ZPAL FXXI111/163 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%4-3 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 the holotype. Specimens illustrated by DouGLAs and SLITER (1966, pl. 4: 4, 6, 9) as Globo-
truncana linneiana (I’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 Stupia Nadbrzezna, Stupia
Nadbrzezna, Wesotowka 31, 34, 37, 38, 39, 41) and £6dZ region: Upper Turonian-Santonian.

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

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

L w T
ZPAL FXXIIIj225 0-70 0-60 038

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 PessaGNoO (1967). The existing confusion in
the interpretation of this species results from the fact that GAnNDoLF1 (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 Marginotruncana
renzi (GANDOLFI), stating that the other form is very similar to Marginotruncana angusticarinata
(GAaNDoOLFI) 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 celi 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-
poLF), differ from the lectotype designated by CArRON (1966) in having a somewhat more ovate
test, a higher dorsal side and more prominently developed keels on the last whorl.

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

7 1966. Globotruncana fornicata (PLUMMER); CARON, 80, pl. 4: 6a—c.
1970. Marginotruncana sinuosa PORTHAULT; PORTHAULT, 81-82, pl. 11: 11-13.
1970. Globotruncana renzi GaNDOLF1; KUHRY, pl. 2: 13-15.
part. 1976. Globotruncana coronata BoLLl; IBRAHIM, 99, pl. 2: 4a, b, ¢, non pl. 2: 1-3, 5-7, 8a—c, 9-11.

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

L w T
ZPAL FXXIII/136 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 (PLUMMER) 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 Globotruncana fornicata. It seems probable that the
specimens described as Globotruncana fornicata (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 (pl. 2: 4a-b) presents a form determined
as Globotruncana coronata BOLLI, possessing S 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 Stupia Nadbrzezna, Stupia Nad-
brzezna, Wesotowka 31, 33, 34, 37, 39): Upper Turonian-Coniacian.

Marginotruncana sp.
(pl. 15: 4a-¢)

Material. — 13 specimens.
Dimensions (in mm):
L W T
ZPAL FXXI11/135 050 040 019

Description. — Test rather large, massive, trochospiral, flat both on spiral and umbilical
sides, consisting of 214-3 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 — Palaeontologia 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 (BOLLI) 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 Stupia Nadbrzezna, Stupia Nadbrzezna,
Wesotowka 31, 34, 37, 39): Upper Turonian-Lower Santonian.

Marginotruncana sp.,
. (pl. 17: 4a-c)

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

L w T
ZPAL FXXI1I/222 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, sémilunar 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.; can be easily distinguished from Marginotruncana
pseudolinneiana PESSAGNO 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 (Wesotowka 32, 33): Upper Turonian-Coniacian.

Dicarinella biconvexa biconvexa (SAMUEL and SALAJ, 1962)
(pl. 12: 1la-c)

1962. Globotruncana biconvexa biconvexa SAMUEL and SALAJ; SAMUEL and Saraj, 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):

L w T
ZPAL FXXIII/109 046 040 023

Description. — Test trochospiral, biconvex, consisting of 214 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.

charznella biconvexa gigantea (SAMUEL and SALAJ, 1962)
(pl. 12: 2a-¢)

1962. Globotruncana biconvexa gigantea SAMUEL and SaLaJ; SAMUEL and Saraj, 317, pl. 9: 5a—d.
1966. Praeglobotruncana biconvexa gigantea (SAMUEL and SaLal); SaLa) and SamueL, 187, 188, pl. 16: 3a-c.

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

L w T
ZPAL FXXII1/110 0-48 0-37 0-26

Description. — Test trochospiral, biconvex, consisting of 21, 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 SALAY).

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):
L w T
ZPAL FXXIII/133  0-34 027 018

Description. — Test trochospiral, planoconvex, strongly umbilico-convex, consisting
of 214 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 (Wesotowka 45): Upper Santonian.

Dicarinella imbricata (MorRNOD, 1950)
(pl. 13: 10, 11, 12)

1950. Globotruncana imbricata MorNOD ; MORNOD, 589, 590, pl. 15: 21-34, fig. 5: 2a—, 3a-d.
1965. Globotruncana imbricata MorRNOD ; TAKAYANAGI, 215, pl. 24: 5, pl. 25: 1, 2.

1966. Globotruncana imbricata MorNOD; DoucGLas and SLITER, 111, pl. 5: 2.

1966. Praeglobotruncana imbricata (MorNoD); CARON, 76, pl. 6: 4a—.

1967. Marginotruncana imbricata (MorNOD); PEssagNo, 306, 307, pl. 57: 3-5.

1969. Globotruncana imbricata MorNoD; DoucLas, 180, 181, pl. 2: 4-7.

1971. Praeglobotruncana imbricata (MorNoOD); BELLIER, 88-89, pl. 1: S.

1971. Praeglobotruncana cf. imbricata (Mornop); BELFORD and SCHEIBNEROVA, pl. 3: 1-11.
1972. Praeglobotruncana imbricata (MorRNOD); HaNzLIKOVA, 102, pl. 26: 7-10.

1976. Dicarinella imbricata (MorRNOD); CARON, 332, 333, fig. 3 — neotype; pl. 3: 1-6.

Material. — 14 specimens.
Dimensions (in mm):
L w T
ZPAL FXXII/123 037 035 016

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, pl. 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, Stupia Nadbrzezna): Turonian, Sudetes: Lower Turonian.

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

Holotype: ZPAL FXXIII/114; pl. 13, fig. 1.
Type horizon: Lower Turonian.
Type locality: Karsy.
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Derivation of the name: dedicated to Dr. José 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):
L w T

ZPAL FXXIII/114 0-37 0-29 0-16
ZPAL FXXIII/116 0-35 0-28 015

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. — Dicarinella longoriai sp. n. differs from Dicarinella imbricata (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 Dicarinella biconvexa biconvexa (SAMUEL and SALAJ) and Dicarinella
biconvexa 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.

Dicarinella sp.
(pl. 12: 4a-¢)

Material. — One specimen.
Dimensions (in mm):
L w T
ZPAL FXXIII/112 048 042 019

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. — Dicarinella sp. is easily distinguishable from other species of Dicarinella
occurring in the material examined. It differs from Dicarinella 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. Dicarinella sp. is similar to Dicarinella
biconvexa biconvexa SAMUEL and SALAJ and Dicarinella biconvexa 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. biconvexa biconvexa and
D. biconvexa gigantea, in possessing fewer chambers in the final whorl, and in having more
strongly developed, raised, beaded double keel than that of D. biconvexa biconvexa and D. bicon-
vexa gigantea. Dicarinella sp. differs from Dicarinella imbricata (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 of. Dicarinella 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 RElss, 1957

Helvetoglobotruncana helvetica (BoLL1, 1944)
(pl. 21: 8, 9, 10)

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

1956. Globotruncana helvetica BoLL1, ALEXANDROWICZ, 53, 54, text-fig. 5.

1957. Globotruncana helvetica BoLLi; BoLLl, 56, pl. 13: la—c.

1966. Praeglobotruncana ? helvetica (BoLLi); CARON, 74, pl. 3: 2a—c.

1967. Marginotruncana helvetica (BoLLl); PEssagNo, 306, pl. 53: 9-13, pl. 54: 1-3.

1969. Praeglobotruncana helvetica (BoLL1); MOORKENS, 447448, pl. 1: 3, pl. 2: 6, pl. 3: 11.

1969. Globotruncana helvetica BoLL1; RoBLEs-RaMos and FLORES-CovarRRUBIAS, 81-82, fig. 17: 1-3.
1969. Praeglobotruncana helvetica (BoLLi); DoucGLas, 169-170, pl. 4: 4-5.

1972. Praeglobotruncana helvetica (BoLL1); GAwWOR-BiEDOWA, 73-74, pl. 8: 4a-c.

1976. Praeglobotruncana helvetica (BoLL); RoBaszyNskI and Livin, pl. 1: 19, 20, 21.

Material. — 13 specimens.

Dimensions (in mm):

L W T
ZPAL FXXII/184 042 039 022

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 BoLLI (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 speciés.

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
(ol. 23: 4, 5, 6)

1969. Whiteinella baltica DouGLAs and RANKIN; DoucLas and RANKIN, 197, fig. 9a-i.
1972. Whiteinella baltica DoucLAs and RANKIN; HaNZLIKOVA, 100, pl. 25: 8-10.

1974. Whiteinella baltica DoucLAs and RaNKIN; HERB, 733, pl. 5: 7-13.

1977. Whiteinella baltica DoucLas and RANKIN; PETTERS, pl. 3: 8, 9.

1977. Whiteinella baltica DoucLas and RankiN; SLITER, 542, pl. 8: 8, 9, pl. 9: 1, 2.
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Material. — 25 specimens.
Dimensions (in mm):
L w T

ZPAL FXXIII/208 0-21 0-18 011
ZPAL FXXII1/210 020 017 0-10

_ Description. — Test low trochospiral; axial periphery rounded; equatorial periphery
strongly lobulate; test consisting of 2 to 215 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,
Stupia Nadbrzezna, Kol. Stlupia Nadbrz., Wesotéwka 31, 32, 34, 39): Turonian-Santonian.

Family Globotruncanidae BROTZEN, 1942
Subfamily Globotruncaninae BROTZEN, 1942
Genus Globotruncana CUSHMAN, 1927

Globotruncana arca (CUSHMAN, 1926)
(pl. 16: 4a—c)

1926. Puvinulina arca CUSHMAN ; CUSHMAN, 23, pl. 3: 1a— (fide ELLIs and MEssINA, Catalogue Foram.).
1967. Globotruncana arca (CUSHMAN); PESSAGNO, 321-323, pl. 79: 5-8, pl. 90: 6-8, pl. 96: 7, 8, 17 (here additional
synonymy).
1965. Globotruncana arca (CusHMAN); van HINTE, 20, 21, pl. 2: 3, pl. 3: 3.
1966. Globotruncana arca (CusumaN); DoucGLas and SLiTer, 107, pl. 2: 6, 7.
part. 1966. Globotruncana coronata BoLLl; DouGLAs and SLITER, 109, pl. 5: 5, non pl. 4: 7, 8, non pl. 5: 4.
1969. Globotruncana arca (CusHMAN); DoucLas, 176, pl. 9: 1-3, pl. 10; 4-7,
1969. Globotruncana arca (CusHMAN); FUNNELL ef al., 28, pl. 2: 11-13, pl. 3: 1-3, fig. 11.
1970. Globotruncana arca (CUSHMAN); LONGORIA, 25-28, pl. 3: 1-3, pl. 8: 1-3, pl. 17: 4-6.
1970. Globotruncana arca (CusuMmaNn); Topbp, 153, pl. 6: 2-4.
1971. Globotruncana arca (CusHMaN); EL-NAGGAR, pl. 5: g-1.
1972. Globotruncana arca (CusuMaN); BARR, 18, pl. 6: 7a—c.
1972. Globotruncana arca (CUsHMAN); HANZLIKOVA, 102, pl. 26: 11-13, pl. 27: 1.
1973. Globotruncana arca (CuseMAN); OWEN, 57, pl. 14: 17-19.
1974. Globotruncana tricarinata (QUEREAU); VAPTZAROVA, 44, pl. 2: 23-25, pl. 3: 16-18.
1975. Globotruncana arca (CUSHMAN); STAPLETON, pl. 1: 2a—c.
1976. Globotruncana arca (CusHMAN); WRIGHT and APTHORPE, 239, pl. 1: 5
part. 1976. Globotruncana arca (CusHMAN); IBRAHIM, 81, pl. 3: la, b-2,4a, b-5, non pl. 3;: 3a, b, c, non pl. 4
7a, b-8.

Material. — 40 specimens.
Dimensions (in mm):
L w T
ZPAL FXXIII/108 046  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; tegilla with infralaminal and intralaminal supple-
mentary apertures.

Remarks, — The species described is somewhat similar to Globotruncana churchi 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. — Globotruncana arca (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, Chetm Lub.): Campanian-Maastrichtian; Central Poland (Wesotowka 44, Sulejow,
Bliskowice, Walowice, Dorotka, Ciszyca Kolonia, Ciszyca Gorna, Lopoczno, Solec, Ktudzie,
Chotcza): Campanian-Lowermost Maastrichtian.

Globotruncana bulloides VOGLER, 1941
(l. 17: 6, 7, 8)

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

1962. Globotruncana marginata (REuss); HErM, 85, pl. 5: 5.

1962. Globotruncana lapparenti bulloides VOGLER; HERM, 84, pl. 6: 6.

1969. Globotruncana bulloides VOGLER; Eskir III, pl. 3: 4, 5.

1970. Globotruncana bulloides VOGLER; LONGORIA, 29-32, pl. 3: 4-6, pl. 7: 1-3, pl. 19: 5-6 (here additional
synonymy).

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

1975. Globotruncana bulloides VOGLER; VAPTZAROVA, 24, pl. 1: 1, 2, 3,

1976. Globotruncana bulloides VOGLER; IBrAHIM, 88, pl. 5: 4a, b, Sa, b.

1976. Globotruncana bulloides VOGLER; WRIGHT and APTHORPE, 239, pl. 1: 7.

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

L w T
ZPAL FXXII1I/151 0-38 0-33 0-24

Description. — Test low trochospiral, biconvex, consisting of 2%4-3 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-
truncana 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-
truncana linnei bulloides VOGLER. To establish the external morphology of Globotruncana
bulloides VOGLER, PESSAGNO (1967) studied thin sections of many specimens classified as Globo-
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truncana 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 (Chetm), Carpathians (Bacho-
wice): ?Turonian-?Lower Coniacian, Central Poland (Sulejow, Dorotka, Watowice, Lopoczno,
Solec, Chotcza): Upper Santonian-Lower Maastrichtian.

Globotruncana churchi MARTIN, 1964
(pl. 16: 3a-c)

1964, Globotruncana churchi MARTIN; MARTIN, 79, pl. 9: Sa—c.
part. 1965. Globotruncana arca (CusHMAN); TAKAYANAGI, 209, pl. 22: 6a—c, non pl. 23: 1a-2c.
1966. Globotruncana churchi MARTIN; DoucLas and SLITER, 108, pl. 2: 10, pl. 4: 2.
1968. Globotruncana churchi MARTIN; SLITER, 102, pl. 16: 2.
1969. Globotruncana churchi MARTIN; DoucLas, 177, pl. 8: 1-2.
1973. Globotruncana churchi MARTIN; SLITER, pl. 2: 11-13.
1975. Globotruncana churchi MaARTIN; VAPTZAROVA, 25, pl. 1: 13, 14, 15.
part. 1976. Globotruncana arca (CUsHMAN); IBRAHMM, 81, pl. 3: 3a, b, ¢, non pl. 3: 1a, b-2, 4a, b-5, non pl. 4: 7a, b-8.

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

L w T
ZPAL FXXIII/107 0-46 0-41 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.
Globotruncana churchi is very similar to Globotruncana arca. 1t 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.

Globotruncana fornicata PLUMMER, 1931
(ol 18: 5, 6, 7

1931. Globotruncana fornicata 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 III, pl. 3: 6, 7.

1969. Globotruncana fornicata PLUMMER; DoucLas, 179, pl. 7: 6.

1969. Globotruncana morozovae VASSILENKO; DouGLas, 184, pl. 7: 4, 5.

1970. Globotruncana fornicata PLUMMER; LONGORIA, 47-51, pl. 1: 7-9, pl. 8: 5-6, pl. 17: 1-3 (here additional
synonymy).

1970. Globotruncana fornicata PLUMMER; PORTHAULT, 82-83, pl. 11: 14—16.

1972. Globotruncana fornicata PLUMMER; HANZLIKOVA, 106, pl. 28: 6, 7.
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1972. Globotruncana fornicata PLUMMER; BARg, 20, pl. 7: 4—S5.

1972. Globotruncana fornicata PLUMMER; GOvVINDAN, 175, pl. 5: 13-15.

1973. Globotruncana fornicata PLUMMER; OWEN, 58, pl. 15: 13.

1975. Globotruncana fornicata PLUMMER; STAPLETON, pl. 1: 4a—<. A _
1976. Globotruncana fornicata fornicata PLUMMER; IBraHIM, 112, pl. 6: 63, b-11a, b, 12a, b, c, pl. 4: 5a, b-6a, b.

Material. — 19 well preserved specimens.
Dimensions (in mm): :
. L w T
ZPAL FXXII/140 036 032 023

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. fornicata 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 GANDOLFI mainly in being less spiroconvex
and in having a rounded equatorial periphery.

Occurrence. — USA (California): Campanian; Mexico: Santoman -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 (Wesotowka 41, 43,
Sulejow, Bliskowice, Watowice, Dorotka, Ciszyca Kolonia, Ciszyca Goérna, Lopoczno, Wola
Pawlowska, Chotcza): Upper Santonian-Lower Maastrichtian,

Globotruncana lapparenti BROTZEN, 1936
(ol 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. Globotruncana'lapparenti BROTZEN; PEsSAGNO, 344-346, pl. 71: 6-13, pl. 97: 8-9.
1969. Globotruncana linneiana (d’OrRBIGNY); Esker 11T, pl. 2: 1, 2, 3.

1972. Globotruncana linneiana (d’ORBIGNY); HaNzLiKOva, 107-108, pl. 29: 6, 7.
1973. Globotruncana lapparenti BROTZEN; OWEN, 59, pl. 16: 9-11.

1975. Globotruncana lapparenti BROTZEN; VAPTZAROVA, 26-27, pl. 1: 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):
L w T
ZPAL FXXIII/157 050 044 016
ZPAL FXXIII/159 039 030 013

Description. — Test low 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; tegilla with
infralaminal and intralaminal accessory apertures, broken in many spscimens examined.

Remarks. — G. lapparenti was described in syntypic series and BROTZEN (1936) cited nume-
rous specimens figured by de LAPPARENT (1918) as the syntypes. To stabilize the taxonomic
status of G. lapparenti, a lectotype (pl. 2: n, p. 5 in de LAPPARENT, 1918) and a paralectotype
(pl. 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 (m aper-
tural and abapertural views) and in having a slightly convex spiral side.

Specimens illustrated as G. knneiana (d’ORBIGNY) by Esker III (1969, pl. 3: 1, 2, 3),
HanzLixova (1972, pl. 29: 6, 7) and TAKAYANAGI (1965, pl. 25: 6, pl. 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 (Wesotowka 40, 41, 42, 43, Bliskowice, Dorotka, Ciszyca Kolonia,
Ciszyca Gorna, Solec, Ktudzie, Jarentowskie Pole, Chotcza): Lower Santonian-Lower Maas-
trichtian.

Globotruncana linneiana (d’ORBIGNY, 1839)
@l 19: 1, 2, 3)

1839. Rosalina linneiana d’ORBIGNY; d’ORBIGNY, 110, pl. 5: 10-12 (fide ELLIs and MEssINA, Catalogue Foram.)
1929. Globctruncana canaliculata (REuss); WHITE, 282-284, pl. 38: 3.
1953. Globotruncana linneiana (d’ORBIGNY); SUBBOTINA, 176—178, pl. 5: 7-9, pl. 6: 14.
1954. Globotruncana lapparenti lapparenti BoLLl; KSIAZKIEWICZ, 274, pl. 31: 7-9, text-fig. 45, 46.
1956. Globotruncana linneiana (d’ORBIGNY); BRONNIMANN and BROWN, 540-542, pl. 20: 13-17, pl. 21: 16-18.
1962. Globotruncana lapparenti lapparenti BROTZEN; HERM, 82, pl. 6: 2.
part. 1964, Globotruncana linneiana (d’ORBIGNY); OLssON, 166-167, pl. 2: 6, 8, non pl. 2: 7.
1964. Globotruncana tricarinata (QUEREAU); OLssON, 171-172, pl. 5: 4, S.
1964. Globotruncana tricarinata (QUEREAU); MARTIN, 81, pl. 10: 2.
non 1965. Globotruncana linneiana ({’ORBIGNY); van HINTE, 23, pl. 1: 3.
part. 1965. Globotruncana linneiana (d’ORBIGNY); TAKAYANAGI, 217, 26: 1, non pl. 26: 2, non pl. 25: 6.
part. 1966. Globotruncana linneiana (I’ORBIGNY); DouGLAs and SLITER, 112, pl. 5: 6, 8, non pl. 5: 7, nonpl. 4: 4, 6,9.
1967. Globotruncana linneiana (d’ORBIGNY); PEssaGno, 346—349, pl. 72: 14, 7-9, pl. 97: 11-13.
1968. Globotruncana tricarinata (QUEREAU); SLITER, 107, pl. 19: 1
1968. Globotruncana marginata (REUSS); SLITER, 104, pl. 17: 5.
part. 1969. Globotruncana pseudolinneiana (PESSAGNO); DoucGLas, pl. 3: 4, non pl. 3: 2, 3.
1969. Globotruncana linneiana (d’ORBIGNY); DouGLas, 181-182, pl. 3: 1.
1970. Globotruncana linneiana (d’ORBIGNY); LONGORI1A, 65-69, pl. 3: 4-6, pl. 7: 79-10, pl. 13: 5-6.
non 1972. Globotruncana linneiana (d’ORBIGNY); HanzLIKOVA, 107-108, pl. 29: 6, 7.
1976. Globotruncana linneiana (d’ORrBIGNY); WRIGHT and APTHORE, 239, pl. 1: 8, 11,
1976. Globotruncana lapparenti BRoTZEN; 1BRAHIM, 119, pl. 1: 1-7.

Material. — 65 well preserved specimens.
Dimensions (in mm):’
L w T

ZPAL FXXIII/154 0-39 034 - 016
ZPAL FXXIII/155 0-40 034 016
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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-
trichtian; USA — New Jersey: Late Maastrichtian, California: 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 (Wesotoéwka
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 BrROwN); OLSsON, 168, pl. 4: 9a—.

1966. Globotruncana nothi (BRONNIMANN and Brown); Doucras and SLITER, 113, pl. 2: 5.

1967. Globotruncana nothi (BRONNIMANN and BrowN); PessaGgno, 350, 351, pl. 67: 4-9, pl. 68: 6-8, pl. 96: 10.
1969. Globotruncana nothi (BRONNIMANN and BrRowN); DoucLas, 184, 185, pl. 10: 1, 2.

1972. Globotruncana nothi (BRONNIMANN and BrRowN); HaNzLikova, 109, pl. 29: 10.

1973. Globotruncana nothi (BRONNIMANN and BrRowN); 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):
L w T

ZPAL FXXII/166 0-56 052 033
ZPAL FXXIIIj167 053 051 0:32

Dcsoription. — 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-
panian.
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Globotruncana obliqua HERM, 1965
(pl. 19: 7, 8, 9)

1958. Globotruncana mayaroensis BoLLl; WITWICKA, 225-226, pl. 18: 36a—.

1962. Globotruncana sp.; HErM, 85, pl. 4: 6.

1965. Globotruncana linneiana (d’ORBIGNY) obligua HErm; HEerM, 336-338, pl. 8: 1-4, fig. 14.
1965. Globotruncana linneiana (d’ORBIGNY); van HINTE, 23, pl. 1: 3.

1967. Globotruncana loeblichi PEssaGNo; PESSAGNO, 349-350, pl. 73: 1-4, pl. 97: 10.

1968. Globotruncana obliqua HErM; Barr, 316-318, pl. 39: 5-6.

1972. Globotruncana obligua HERM; BARR, 22-23, pl. 9: 5-6.

1976. Globotruncana obliqua HERM; IBRAHIM, 125, pl. 7: 8a, b-1la, b.

Material. — 15 specimens.
Dimensions (in mm):
L w T

ZPAL FXXIVII/160 0-38 0-30 017
ZPAL FXXIII/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. linneiana (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 obliqgua HERrM, 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 (Wesotéwka 42, 43, Sulejow, Dorotka, Ciszyca Kolonia, Lopoczno,
Jarentowskie Pole, Chotcza): Upper Santonian-Lower Maastrichtian.

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

1951. Globotruncana contusa (CusHMAN); BoLLl, 196, pl. 34: 7-9,
1955. Globotruncana (Globotruncana) contusa (CUSHMAN) subsp. patelliformis GANDOLFI; GANDOLFI, 54, pl. 4.
2a—c.
part. 1964. Globotruncana contusa (CusHMAN); OLssON, 163, 164, pl. 2: Sa—, pl. 3: 9a—, non pl. 3: 6a—.
1966. Globorruncana contusa patelliformis GANDOLF1; EL-NAGGAR, 93-95, pl. 8: la—<.
part. 1967. Globotruncana contusa (CUSHMAN); PEssagno, 330-333, pl. 75: 18-20, pl. 77: 1-3, pl. 96: 11, 13, non pl. 77:
4-6, 7-9, non pl. 78: 6-8, 9-11, non pl. 92: 10-12, non pl. 96: 14, 15, 16.
1967. Globotruncana caliciformis patelliformis GanpoLF1; EL-NAGGAR and HaynEes, 8-10, pl. 1: la—c.
1973. Globotruncana patelliformis GaANDOLFI; SmiTH and Pessagno, 50, 51, pl. 21: 6-8.

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

L w T
ZPAL FXXIII/165 0-68 0:66 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 mterlomargmal
umbilical; tegilla broken in material examined.

Remarks. — The Polish specimen is identical with the holotype of G. patelliformis. This
specics 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):
L w T

ZPAL FXXIII/168 0-33 0-27 0-18
ZPAL FXXIII/169 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 (Sulejéw, Ciszyca Kolonia, Ciszyca Gérna, Wola Pawlowska, Solec): Upper Campanian.

Globotruncana plummerae GANDOLFI, 1955
(l. 17: 1, 2, 3)

1955. Globotruncana fornicata PLUMMER subsp. plummerae GANDOLFI; GANDOLFI, 42, pl. 2: 3a-c, 4a—.
part. 1955. Globotruncana fornicata PLUMMER subsp. ackermani GANDOL¥FI; GANDOLFI, 42, pl. 2: 5a—c, non pl. 2: 6a—c,
Ta—c.
1967. Globotruncana plummerae GANDOLFI1; PESsAGNO, 351, 351, pl. 66: 3-8.
1973. Globotruncana plummerae GaNDOLFI; SMITH and PessaGgno, 51, pl. 21: 9-11.
1976. Globotruncana plummerae GANDOLFI; IBRAHIM, 126, pl. 4: 13a, b, pl. 5: 6a, b-7, 8a, b.

Material. — 19 specimens.
Dimensions (in mm):
L w T

ZPAL FXXIII/146 0-46 0-37 0-24
ZPAL FXX111/147 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; tegilla 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: Upper Campanian-Lower Maas-
trichtian; Austria (Tirol): Santonian-Lower Maastrichtian; Central Poland (Sulejow, Walowice,
Dorotka, Ciszyca, Lopoczno, Wola Pawtowska, Dziurkéw): Upper Campanian-Lower Maas-
trichtian.

Globotruncana pozaryskae sp. n.
(pl. 20: 1, 5, 9, 10, 11, 12) °

Holotype: ZPAL FXXIII/174; pl. 20, fig. 1.

Type horizon. Upper Campanian.

Type locality: Ciszyca Goérna.

Derivation of the name: dedicated to Professor KRYSTYNA PoZaRrYSKA, a Polish rhicropaleontologist.

Diagnosis: Test low trochospiral, planiform both spirally and umbilically, bordered by weakly developed, wide,
double keel of linneiana type. Initial chambers globular, m later poruon inflated, petalmd on spiral side, subrectangular
on umbilical side. Wall nodulose throughout.

Material. — 16 well preserved specirnéns.
Dimensions (in mm):
L w T

ZPAL FXXII/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 of 214 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. i i 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 Goérna, Chotcza): Upper Campanian-Maastrich-
tian.

Globotruncana ventricosa WBITE, 1929
(pl. 18: la-c)

1929. Globotruncana canaliculata var. ventricosa WHITE; WHITE, 284, pl. 38: 3a—c.
1965. Globotruncana ventricosa WHITE; TAKAYANAGY, 226, pl. 29: 1.

part. 1968. Globotruncana ventricosa WHITE; SLITER, 107, pl. 18: 7, non pl. 18: 8
1968. Globotruncana ventricosa WHITE; BARR, 319, pl. 40: 3a—.
1969. Globotruncana ventricosa WHITE; DoucLas, 188, pl. 7: 1, 3.
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1970. Globotruncana ventricosa WHITE; LONGOR1A, 82-85, pl. 1: 1-3, pl. 8: 4, 7-8, pl. 16: 6 (here additional
synonymy).

1972. Globotruncana veniricosa WHITE; BARR, 25-26, pl. 8: 8a—c.

1972. Globotruncana ventricosa WHITE; HaNzZLIKOvVA, 113, pl. 31: 5-7.

1973. Globotruncana ventricosa WHITE; OWEN, 61, pl. 19: 4-6.

1975. Globotruncana ventricosa WHITE; VAPTZAROVA, 28, 29, pl. 2: 13, 14, 15.

1976. Globotruncana ventricosa WHITE; WRIGHT and APTHORPE, 240, pl. 2: 8, 9, 12.

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

L w T
ZPAL FXXI11/134 0:66 040 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 (Wesoldwka 44, 45, Sulejow,
Ciszyca Gorna, Lopoczno): Upper Campanian.

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

Material. — 6 specimens.
Dimensions (in mm):
L w T

ZPAL FXXIII/137 0-41 031 0-18
ZPAL FXXIII/138 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 Goérna): Upper Campanian.
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Globotruncana sp.,
(ol 19: 10, 11, 12)

Material. — 19 specimens.
Dimensions (in mm):
L w T

ZPAL FXXIIl/143 0-52 0-39 0-25
ZPAL FXXIII/144 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 chambeis 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. — Globotruncana sp., resembles Globotruncana 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.,
(ol 19: 10-12)

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

L w T
ZPAL FXXIl/131 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., differs from Globotruncana arca (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 relative to the peripheral
margin of the test.

Occurrence. — Central Poland (Ciszyca Kol.): Upper Campanian.

Genus Archaeoglobigerina PESSAGNO, 1967

Archaeoglobigerina blowi PESSAGNO, 1967
(pl. 21: 1, 2, 3)

1967. Archaeoglobigerina blowi PEssagNo; PEssagNo, 316, pl. 59; 1-10, pl. 94: 2, 3.
1971. Rugoglobigerina (Archaeoglobigerina) 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):

L w T
ZPAL FXXIII/180 0-44 0-34 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 lncreasmg sharply in size as added; spiral sutures de-
pressed, oblique; umbilical sutures radial to- somewhat curved; umblhcus medium-sized ;
primary aperture umbilical; tegilla 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: Campanian; Central
Poland (Wesotowka 32, 33, 39, 42): Coniacian-Santonian." ' '

Archaeoglobigerina bo:squensis PEssaGgno, 1967
(pl. 21: 11, 12, 13)

1967. Archaeoglobigerina bosquensis PESsaGNO; PEssaGgNo, 316, 317, pl. 60: 7-12.

1969. Archaeoglobigerina bosquensis PEssaGNo; DoucLas and RANKIN, 199, 200, fig. 10.
1970. Archaeoglobigerina cf. blowi PESSAGNO; NORTH and CALDWELL, 50, 51, pl. 4: S5a-b.
1973. Archaeoglobigerina bosquensis PEssaGNO; NORLING, 110, 111, pl. 6: 1-2.

1974. Archaeoglobigerina bosquensis PEssaGnO; HERB, 753, pl. 5: 1-6.

1977. Archaeoglobigerina bosquensis PESSAGNO; SLITER, 542, pl. 9: 3-5.

Material. — 6 specimens.
Dimensions (in mm):
L w T

ZPAL FXXIII/185 028 0-24 012
ZPAL FXXIII/187 0-28 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. blowz PESSAGNO in being higher spiral, in having
a less lobulate periphery, a thicker ornamentation and in lacking keels or 1mperforate 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 (Wesotowka 32, 33, 37, 39, 42, Dorotka): Santonian-Upper
Campanian.

Archaeoglobigerina cretacea (’ORBIGNY, 1840)
(pl. 21: 5,6, 7)

1840. Globigerina cretacea d’ORBIGNY; d’ORBIGNY, 34, pl. 3: 12-14 (fide ELLIs and MEssina, Catalogue’ Foram.).
1954. Globotruncana globigerinoides BROTZEN; KsiaZkiEwicz, 280, pl. 30: 2, 3, text-fig. 56, 57.
1956. Globotruncana saratogensis (APPLIN); BRONNIMANN and BRrRowN, 544, pl. 21: 13-15.
1962. Globotruncana globigerinoides BROTZEN; HERM, 80, pl. 5: 6.
1964. Globotruncana mariai GANDOLFI; MARTIN, 82, pl. 9: 7a—.
1965. Globotruncana marginata (REUSS); van HINTE, 23, pl. 1: 2.
part. 1971. Rotundina cretacea (I’ORBIGNY); BELLIER, 87-88, pl. 1: 1, 2, non pl. 1: 3
1972. Globotruncana marginata (REUss); GOVINDAN, 179-180, pl. 4: 10-12.
1972. Globotruncana cretacea (d'ORBIGNY); HaNzLikOwa, 105, pl. 28: 3-5.



PLANKTIC FORAMINIFERA ZONATION- OF POLISH UPPER CRETACEOUS 83

1975. Globotruncana globigerinoides BROTZEN; VAPTZAROVA, 26, pl. 1:7, 8, 9.
1976. Globotruncana cretacea (’ORBIGNY); IBraHIM, 103, pl. 5: 10a-c. -
1977. Archaeoglobigerina cretacea (A’ORBIGNY); RODRIGUEZ, 72-77, pl. 4: 1-2.

Material. — 9 specimens.
" Dimensions (in mm): .

L w T
ZPAL FXXIII/181 0-35 0-31 0-13

Description. — Test low trochospiral, consisting of 2%5,-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 double keel; 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.

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 (Wesotowka 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: ¢ (fide ELL1s and MEssINA, Catalogue Foram.).

1963. Globotruncana elevata (BROTZEN); GRAHAM and CHURCH, 63, pl. 7: 13a—c.

1966. Globotruncana elevata (BROTZEN); DouGLAs and SLITER, }10, pl. 3: 2.

1968. Globotruncana elevatq (BROTZEN); SLITER, 102, pl. 16: 3.

1969. Globotruncana elevata (BroTzen); Esker III, pl. 2: 16, 17, 18.

1969. Globotruncana elevata (BROTZEN); DoucLas, 179, pl. 1: 6.

1970. Globotruncana elevata (BROTZEN); LONGORIA, 43-47, pl. 6: 7-9, pl. 11: 7, pl. 18: 5, pl. 19: 4 (here additional
synonymy).

part. 1970. Globotruncana elevata (BRoTzZEN); KUHRY, 292-295, pl. 1: 1-3 (lectotype), fig. 1 (three views), 4a=b, 4e-f,

4g-h, non pl. 1: 4-6, 7-9, non fig. 4c-d.

1972. Globotruncana elevata (BROTZEN); CARON, 554, pl. 1: 1, fig. 3a.

1972. Globotruncana elevata (BROTZEN); BARR, 20, pl. 6: Sa—c.

1973. Globotruncana elevata (BROTZEN); OWEN, pl. 16: 3-5.

1973. Globotruncana elevata (BROTZEN); SMITH and PESSAGNO, 47, 48, pl. 19: 1-3, 4-6.

1975. Globotruncana stuartiformis DALBIEZ; STAPLETON, pl. 1: la—c.

1975. Globotruncana elevata (BROTZEN); VAPTZAROVA, 25, pl. 1: 4, §, 6.

Material, — 8 specimens.
Dimensions (in mm):

L w T
ZPAL FXXIII/171 0-40 0-34 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
g
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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 Kvasz), 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 Rugoglobigerininae SUBBOTINA, 1953
Genus Rugoglobigerina BRONNIMANN, 1952

Rugoglobigerina hexacamerata BRONNIMANN, 1952
(L 22: 6, 7)

1952. Rugoglobigerina reicheli hexacamerata BRONNIMANN; BRONNIMANN, 23-25, pl. 2: 10-12, fig. 8: a-m.
1967. Rugoglobigerina hexacamerata BRONNIMANN; PEssaGNoO, 364-365, pl. 74: 4, pl. 91: 5-7.

1971. Rugoglobigerina hexacamerata BRONNIMANN; EL-NAGGAR, 485-486, pl. 9: 1-3, 5-12, pl. 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 FXXII1/194 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 31% 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 tegilla.

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
: (pl. 22:-12, 15, 16)

1952. Rugoglobigerina macrocephala macrocephala BRONNIMANN ; BRONNIMANN, 25-27, pl. 2: 1-0, fig. 9: a-s.
1961. Rugoglobigerina macrocephala niacrocephala BRONNIMANN; CORMINBOEUF, 117, 118, pl. 2: 3a-c.
1961. Rugoglobigerina macrocephala ornata BRONNIMANN; 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 macrocephala BRONNIMANN ; SMITH and PEssaGgNo, 56-57, pl. 23: 1-3, 7-10 (here additional

synonymy). -

non 1973. Rugoglobigerina macrocephala BRONNIMANN; OWEN, 63, pl. 20: 7-9.

non 1974. Rugoglobigerina macrocephala BRONNIMANN; VAPTZAROVA, 46, pl. 4: 4, 5, 6.
1975. Rugoglobigerina macrocephala BRONNIMANN; STAPLETON, pl. 2: 8a-c.

non 1977. Rugoglobigerina macrocephala BRONNIMANN ; HaMaM and HAYNES, 56, pl. 2: 7-8.

Material. — 6 specimens.
Dimensions (in mm):

L w T
ZPAL FXXII1/196 0-34 020 020

Description. — Test very low trochospiral, consisting of 3 to 31, 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, pl. 20: 7-9, VAPTZAROVA 1974, pl. 4: 4, 5, 6,
HamaM and HAYNEs 1977, pl. 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: 1, 5,9

part. 1962. Rugoglobigerina rugosa (PLUMMER); BERGGREN, 71-75, pl. 11: 3a-5a-b, non pl. 11: 1a-b, 2, 4a—, non fig. 8.
part. 1964, Rugoglobigerina rugosa (PLUMMER); OLSSON, 173, pl. 7: 3a—, 4a—, non pl. 7: 2a—, 5a—c.
part. 1966. 'Rugoglobigérina rotundata BRONNIMANN ; DoUGLAS, and SLITER, 116, pl. 1: 5a—, non pl. 1: 6a—.

1973. Rugoglobigerina milamensis SMITH and PEssaGNO; SMITH and PEsSsaGNo, 56, 57, pl. 24: 4-7.

1974. Rugoglobigerina rugosa (PLUMMER); VAPTZAROVA, 44, 45, pl. 3: 19-21, 22-24.

1975. Rugoglobigerina rugosa (PLUMMER); STAPLETON, pl. 2: 7a—c.

Material, — 11 specimens.
Dimensions (in mm):
L w T
ZPAL FXXUI/188 036 033 024

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 ;
tegilla 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, pl. 11: 3a-c, 5a—), OLssoN (1964, pl. 7: 3a—, 4a—<),
VAPTZAROVA (1974, pl. 3: 19-21, 22-24) and STAPLETON (1975, pl. 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 DoucLAs and
SLITER (1966, pl. 1: 5a—) 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, Kiudzie, Boiska, Kazimierz, Bochotnica): Maastrichtian.

Rugoglobigerina pennyi BRONNIMANN, 1952
(pl. 22: 10, 11, pl. 12: 6)

1952. Rugoglobigerina rugosa pennyi BRONNIMANN; BRONNIMANN, 34, pl. 4: 1-3, fig. 14a—, d-f, g-i.

1962. Rugoglobigerina pennyi; BERGGREN, 75, pl. 12: la—c, 2a-c, 3a—.
part. 1966. Rugoglobigerina rotundata BRONNIMANN and BRowN ; DouGLas and SLITER, 116, pl, 1: 6a—c, non pl. 1:S5a—.
part. 1971. Rugoglobigerina (R.) pennyi BRONNIMANN ; EL-NAGGAR, 488-489, pl. 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. Rugoglobigerina pennyi BRONNIMANN; GOVINDAN, 174, pl. 3: 7-9,
part. 1972. Rugoglobigerina pennyi BRONNIMANN; HANZLIKOVA, 114, 115, pl. 33: 2; non pl. 33: 1, 3.

1973. Rugoglobigerina pennyi BRONNIMANN; SMITH and PEssagNo, 57, pl. 24: 1-3.

1974. Rugoglobigerina pennyi BRONNIMANN; VAPTZAROVA, 47, pl. 4: 7, 8, 9.

1977. Rugoglobigerina pennyi BRONNIMANN; RODRIGUEZ, 88-89, pl. 5: 1-3.

Material. — 7 specimens.
‘Dimensions (in mm):
’ L w T
ZPAL FXXIII/191 034 032 020
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Description. — Test low trochospiral, consisting of 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
DoucLAs and SLITER (1966, pl. 1: 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
(Ktudzie, Boiska, Kazimierz): Maastrichtian.

Rugoglobigerina rotundata BRONNIMANN, 1952
(pl. 22: 13, 14)

1952. Rugoglobigerina rotundata BRONNIMANN; BRONNIMANN, 34-36, pl. 4: 7-9, fig. 15a—<, d-f, 16a—c.
non 1966. Rugoglobigerina rotundata BRONNIMANN; DouGLas and SLITER, 116, pl. 1: 5a—, 6a—c.

. 1972. Rugoglobigerina rotundata BRONNIMANN; HANzLIKOvVA, 115, pl. 33: 8, 9.
1972. Rugoglobigerina pustulata BRONNIMANN; HANZLIKOvA, 115, pl. 33: 7.
1972. Rugoglobigerina rotundata BRONNIMANN; BARR, 30, pl. 10: 3a—c.
1973. Rugoglobigerina rotundata BRONNIMANN; SMITH and PESSAGNO, 58, pl. 24: 8-11 (here additional synonymy).
1974. Rugoglobigerina rotundata BRONNIMANN; VAPTZAROVA, 4647, pl. 3: 25-28.
1974. Rugoglobigerina pustulata BRONNIMANN ; VAPTZAROVA, 45, 46, pl. 4: 1, 2, 3.
1977. Rugoglobigerina rotundata BRONNIMANN; SLITER, 543, pl. 11: 1-3.

Material. — 8 specimens.
Dimensions (in mm):
L w T
ZPAL FXXIII/203 035 033 021

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 trochospiral, ‘ ,

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 (Tirol): Upper Maastrichtian; Czechoslovakia (Moravia): Maastrich-
tian; Central Poland (Kazimierz): Upper Maastrichtian.

Rugoglobigerina rugosa (PLUMMER, 1926)
(pl. 22: 2, 3, 4, 8)

1926. Globigerina rugosa PLUMMER; PLUMMER, 38-39, pl. 2: 10a—d (fide ELLis and MEssINA, Catalogue Foram.).
1952. Rugoglobigerina rugosa rugosa (PLUMMER); BRONNIMANN, 28-33, fig. 11a~i, 12a~i, 13a-i.

1969. Rugoglobigerina rugosa (PLUMMER); DouGLas, 175-176, pl. 6: 1-2.

1970. Rugoglobigerina rugosa (PLUMMER); Topbp, 152, pl. 6: 1.

1972. Rugoglobigerina rugosa (PLUMMER); GOVINDAN, 173-174, pl. 3: 1-3, 13-18.
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1972. Rugoglobigerina rugosa (PLUMMER); HANZLIKOVA, 116, pl. 23: 5, 6.
1973. Rugoglobigerina rugosa (PLUMMER); SMITH and PEssagno, 58-60, pl. 25: 1-4 (here additional synonymy).
1974. Rugoglobigerina macrocephala BRONNIMANN; VAPTZAROVA, 46, pl. 4: 4, 5, 6.
non 1974. Rugoglobigerina rugosa (PLUMMER); VAPTZAROVA, 44, 45, pl. 3: 19-21, 22-24.
non 1975. Rugoglobigerira rugosa (PLUMMER); STAPLETON, pl. 2: 7a—c.
1977. Rugoglobigerina rugosa (PLUMMER); RODRIGUEZ, 82-86, pl. 4: 5-7.
1977. Rugoglobigerina rugosa (PLUMMER): HaMaM and HAvNEs, pl. 2: 12.
1977. Rugoglobigerina macrocephala BRONNIMANN; HaMAM and HAYNES, 56, pl. 2: 7-8.

Material. — 68 specimens.
Dimensions (in mm):
L w T
ZPAL FXXIII/199 034 028 020

Description. — Test trochospiral, biconvex, of moderately convex spiral side, consisting
of 214 whorls; equatorial periphery lobate, axial periphery broadly rounded ; chambers globular,
hemisphericai; final whorl consisting of 4-5 chambers, increasing sharply in size as added;
wall covered by meridionally 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 1ecorded many times in the literature. However, the forms with 441, chambers in the
final whorl were often erroneously determined 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 inciuded 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, pl. 2: 7a-c).

Occurrence. — USA (Texas, Arkansas), Mexico: Campanian, Maastrichtian; India:
Upper Campanian-Maastrichtian; Papua New Guinea: Maastrichtian; Trinidad, South Africa:
Upper Maastrichtian; Jordan: Maastrichtian; Spain, Bulgaria, Czechoslovakia (Moravia);
Maastrichtian; Central Poland (Dziurkéw, Solec, Khudzie, Boiska, Lucimia, Kazimierz, Bochot-
nica): Upper Campanian-Maastrichtian.

Family Abathomphalidae PEssagNo, 1967
‘Genus Abathomphalus BOLLI, LOEBLICH and TAPPAN, 1957
Abatiomphalus? hilli (PEssagNo, 1967)
(! 23: 10, 11, 12)

part. 1966. Globotruncana linneiana (d’ORBIGNY); DouGLAS and SLITER, 112, pl. 5: 7, non pl. 5: 6, 8, non pl. 4: 4, 6, 9.
1967. Globotruncana hilli PEsSAGNO; PEssaGNo, 343, 344, pl. 64: 9-14, 21-23, pl. 94: 1, pl. 97: 7.
1969. Globotruncana killi PEssaGNo; DoucLas, 180, pl. 7: 7, 8.

Material. — 16 well preserved specimens.
Dimensions (in mm):
L w T
ZPAL FXXII1/214 039 035 013
ZPAL FXXIII/215 044 040 014

Description. — Test low trochospiral, consisting of 214 to 3 whorls; periphery truncated
by widely spaced, weakiy developed double keel; chambers petaloid on spiral side, subrectan-



PLANKTIC FORAMINIFERA ZONATION OF POLISH UPPER CRETACEOUS 89

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 Vistuia 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.

Abathomphalus? cf. subornatus (GANDOLFI, 1955)
(pl. 23: 7, 8, 9)

Material. — 8 well preserved specimens.
Dimensions (in mm):
L w T
ZPAL EXXII/211 021 017 010
ZPAL FXXII[/212 021 016 011

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, initially 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 Abathomphalus?.
A.? cf. subornatus differs from the holotype in a less sharp and more regular increase in size
of chambers of the final whorl and in being considerably smaller.

Occurrence. — Central Poland (Dorotka): Upper Campanian.

Genus Globotruncanella REiss, 1957
Globotruncanella petaloides (GANDOLFI, 1955)
(. 23: 1, 2, 3)

1955. Rugoglobigerina petaloidea petaloidea GaNDOLF1; GANDOLFI, 52, pl. 3: 13.

1962. Rugoglobigerina petaloidea GANDOLFI; HERM, 59, pl. 2: 5.

1966. Globotruncanella petaloidea (GanpoLr1); DoucLas and SiITer, 113, pl. 1: 11,
1967. Globotruncanella petaloidea (GANDOLFI); PESSAGNO, 374-375, pl. 82: 6-8, 9.
1968. Globotruncana petaloidea (GANDOLF)); SLITER, 105, pl. 18: 1.

1969. Globotruncanella petaloidea (GANDOLFI); DoucLas, 190-192, pl. 7: 2.

1970. Globotruncanella petaloidea (GanpoLr1); Topp, 153-154, pl. 5: 9.

1972. Globotruncanella petaloidea (GanpoOLFI); GOvINDAN, 180-181, pl. 5: 7.

1973. Globotruncanella petaloidea (GANDOLFI); 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):
L w T
ZPAL FXXIII/205 0-26 0-21 0-11
ZPAL FXXIII/206 029 025 012
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- Description. — Test low 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 414 whorls; sutures depressed,
radial to slightly curved; wall finely pustulose; umbilicus small, rather deep; primary aperture
interiomarginal, extraumbilical-umbilical, with a prominent apertural flap extending over
a portion of umbilicus.

. Remarks. — G. petaloidea is very similar to G. havanensis (Voorwuk), 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.

REFERENCES

ALEXANDROWICZ, S. W. 1956. Zespoly globotrunkan w turonie okolic Krakowa (Globotruncana assemblages in the
Turonian of the Cracow region). — Acta Geol. Pol., 6, 41-63. '
ALEXANDROWICZ, Z. 1966. Utwory kredowe w krach glacjalnych na wy$pie Wolin i w okolicy Kamienia Pomorskiego. —
.- Kom. Nauk. Geol: PAN, Oddz.-w Krakowie, Pr. Geol., 35, 7-102.
ALBULLA, CH. (Anuona, X.) 1977 Bepxuuit men u pasButHe dopamueudep Manoro Kaekasa (AsepGaitmxaH).
Crp. 234, u3p. ,,2am”, Baky.
Asano, K. and TAKAYANAGI, Y. 1965. Stratigraphic significance of planktonic Foraminifera from Japan. — Sci. Rep.
Tohoku Univ., 2nd ser. (Geol.), 37, 1-14. e
BaiLey, H. W. 1978. A foraminiferal biostratigraphy of the Lower Senonian of southern England. — Ph. D. thesis
(unpublished), Plymouth Polytechnic.
Barg, F. T. 1962. Upper Cretaceous planktonic foraminifera from the Isle of Wight, England. — Palaeontology 4
552-580.
— 1968. Late Cretaceous planktonic foraminifera from the coastal -area east of Susa (Apollonia), northwestern
Libya. — J. Paleontcl., 42, 308-321.
— 1972. Cretaceous biostratigraphy and planktomc foraminifera of Libya. — Micropaleontology 18, 1-46.
BELFORD, D. J. and ScHEIBNEROVA, V. .1971. Turonian foraminifera from the Carnarvon Basin, Western Australia,
and their palaeogeographical significance. — Ibidem, 17, 331-344.
BELLIER, J.-P., 1971. Les Foraminiféres planctoniques du Turonien-type. — Rev. Micropaléont., 14, 85-90.
— 1973, Microbiostratigraphie du Crétacé (Aptien, & Maestrichtien) de la bordure ouest du Djebel Oust (Tunisie
Septentrionale). — Cah. Géol., 89, 30-34.
— and ViLLAIN, J.-M. 1975. Globotruncanidae de la série type du Maestrichtien (Limbourg méridional). — Cah.
Micropal., 2, 1-14.
BERGGREN, W. A. 1962. Some planktonic forammlfera from the Maestrlchuan and type Danian stages of southern
Scandinavia. — Stockhelm Contr. Geol., 9, 1-106.
Biepa, E. 1958. Otwornice przewodme i wiek kredy piszacej Mielnika. — Biul. Inst Geol., 121, 17-89.
Braszkicwicz, A. 1962. Zmiany sedymentacyjne w dolnym senonie profilu Wisty (Sedimentary evolution of the Lower
Senonian of the Vistula river profile; in Polish only). — Kwart. Geol., 6, 728-729.
— 1966. Uwagi o stratygrafii kampanu i mastrychtu doliny §rodkowej Wisty (Remarks on Campanian and Maestrich-
tian stratigraphy of the Middle Vistula River valley, Central Poland). — Ibidem, 10, 1060-1071.
— and CiIe$LINsKI, S. 1973. Kreda gérna. In: Budowa Geo]oglczna Polski. Stratygrafia. Mezozoik. 1, 2, 502-514.
Warszawa.



PLANKTIC FORAMINIFERA ZONATION OF POLISH UPPER CRETACEOUS o1

BoLLy, H. M. 1944, Zur Stratigraphie der Oberen Kreide in den hoheren helvetischen Decken. — Ecl. geol. Hely., 37,
217-328.
— 1951. The genus Globotruncana in Trinidad, B. W. 1. — J. Paleont., 25, 187-199,
— 1957. The genera Praeglobotruncana, Rotalipora, Globotruncana and Abathomphalus in the Upper Cretaceous of
Trinidad. — Bull. U. S. Nat. Mus., 215, 51-60.
— 1959. Planktonic foraminifera from the Cretaceous of Trinidad, B. W. 1. — Bull. Amer. Paleont., 39, 179, 257-
271.
— 1966. Zonation of Cretaceous to Pliocene marine sediments based on planktonic foraminifera. — Axoc Venezolana
Geol. Min. Petrol., Bol. Inform., 9, 2-32.
—, LoesLicH, A. R. and Tappan, H. 1957. Planktonic foraminiferal families Hantkeninidae, Orbulinidae, Globorotah-
idae and Globotruncanidae. — Bull. U. S. Nat. Mus., 215, 3-50.
BoRSETTI, A. M. 1962. Foramiiniferi planctonici di una serie cretacea dei dintorni di Piobbico (Prov. di Pesaro). —
Giorn. Geol., ser. 2, 29, 19-75.
BRONNIMANN, -P. 1952, Globigerinidac from the Upper Cretaceous (Cenomaman-Maestncht1an) of Trinidad, B. W. 1. —
Bull. Amer. Paleont., 34, 140, 1-70.
— and Brown, N. K. Jr. 1956. Taxonomy of the Globotruncanidae. — Ecl. geol. Hely., 48, 503-561.
BroTzEN, F. 1936. Foraminiferen aus dem schwedischen untersten Senon von Eriksdal in Schonen. — Sver. Geol.
Unders., ser. C 396, Ars. 30, 3, 1-206.
— 1942. Die Foraminiferengattung Gavelinella nov. gen. und die Systematik der Rotaliiformes. — Ibidem, ser. C 451,
Ars. 36, 8, 1-60.
Brown, N. K., Jr. 1969. Heterohelicidae Cushman, 1927, amended, a Cretaceous planktonic foraminiferal family.
In: P. Bronnimann H. H. Renz (eds.), Proc. First. Intern. Conf. of Plankt. Microfossils, 2, 21-67.
Bukowy, S. and GEerocH, S. 1956. O wicku zlepiericow egzotykowych w Kruhelu Wielkim (On the age of exotic con-
glomerates at Kruhel Wielki near Przemy$| (Carpathians). — Ann. Soc. Géol. Pol., 26, 297-329,
BuUTT, A. B. 1966. Foraniinifera of the type Turonian. Micropaleontology, 12, 168-182.
CARON, M. 1966. Globotruncanidae du Crétacé supérieur du synclinal de la Gruyére (Préalpes médianes, SUIsse) —
Réyv. Micropal., 9, 68-93.
— 1972. Planktonic foraminifera from the Upper Cretaceous of Site 98, Leg 11 of the Deep Sea Drilling Project.
In: C. D. Hollister, J. J. Ewing et ‘al. (eds), Initial Reports of the DSDP, 11, 551-559. Washington.
— 1975. Late Cretaceous planktonic foraminifera from the northwestern Pacific, Leg 32 of the Deep Sea Drilling
Project. 'In: R. L. Larson, R. Moberly er al. (éds), Initial Reports of the DSDP, 32, 719-724. Washington.
—— 1976. Révision des types de Foraminiféres planctoniques décrits dans la région du Montsalvens (Préalpes fnbour-
geoises). — FEcl. geol. Helv., 69, 327- 333,
— 1978. Cretaceous planktonic foraminifera from DSDP Leg 40 southeastern Atlantic Ocean In: H. M. Bolli
et al. (eds.) Initial Reports of the DSDP, 40, 651—678.
— and LuUTERBACHER, H. P. 1969. On some type specimens of Cretaceous planktonic foraminifera. — Contr.
Cushman Found. Foram. Research, 20, 23-29.
CIESLINSKT, S. 1959, Alb i cenoman pdlnocnego obrzezenia Gor Swigtokrzyskich (stratygrafia na podstawie glowonog6w)
(The Albian and Cenomanian in the northern periphery of the Holy Cross Mts). — Prace Inst. Geol., 28, 1-95.
— and WYRW;CKA, K. 1970. Kreda obszaru lubelskiego (The Cretaceous of the Lublin region; in Polish only). In:
A. Malicki (ed.), Przewodnik XLII Zjazdu Polsk. Tow. Geol., '56-74. Wvdawnictwa Geologiczne, Warszawa.
CORMINBOEUF, P. 1961. Tests isolés de Globotruncana mayaroensis BoLLl, ‘Rugoglobigerina, Trmztella et Heterohelicidae
dans le Maestrichtien des Alpettes. — Ecl. geol. Helv., 54, 107-122.
CusHMaAN, J."A. 1946. Upper Cretaceous Foraminifera of the Gulf Coastal region of the United States and adjacent
areas. — U. S. Geol. Surv., Prof. Pap., 206, 1-241.
DaiLey, D. H. 1973.: Early Cretaceous foraminifera from the Budden Canyon Formation, northwestern Sacramento
Valley, California. — Univ. Calif. Publ. Geol. Sci., 106, 1-111.
DaLBiez, F. 1955. The genus Globotruncana in Tunisia. — Micropaleontology, 1, 161-171.
— 1959, Correlations et resolution. — 84th Cong. Soc. Sav. Paris, Séc. Sc1 C. R. Colloque sur le Crétacé Supérieur
Frangais, 857-867.
DARMOIAN, S. A. 1975. Planktonic foraminifera from the Upper Cretaceous of southeastern Iraq: Blostratlgraphy and
systematics of the Heterohelicidae. — Micropaleontology, 21, 185-214.
DouaLas, R: G. 1969a. Upper Cretaceous planktonic foraminifera in northern California: Part 1 — Systematics. —
Ibidem, 15, 151-209.
— 19695b. Upper Cretaceous biostratigraphy of northern California. In: P. Bronnimann and H. H. Renz (eds), Proc.
First. Intern. Conf. Plankt. Mikrofossils, 2, 126-152. Leiden.
— 1971. Cretaceous foraminifera from the northwestern Pacific Ocean: Leg 6, Deep Sea Drilling-Project. In: Initial
Reports of the DSDP, 6, 1027-1053. Washington.
— and RANKIN, C. 1969. Cretaceous planktonic foraminiféra from Bornholm Island ‘and their zoogeographic
significance. — Lethaia, 2, 185-217.



92 . DANUTA PERYT

— and SLITER, W. V. 1966. Regional distribution of some Cretaceous Rotaliporidae and Globotruncanidae
(Foraminiferida) within North America. — Tulane Stud. Geol., 4, 89-131.
EpceLL, H. S. 1957. The genus Globotruncana in northwest Australia. — Micropaleontology, 3, 101-126.
Eichir, D. L. and WoORSTELL, P. 1970. Cenomanian and Turonian foraminifera from the Great Plains, United
States. — Micropaleontology, 16, 269—324.
Eruss, B. F. and MessiNa, A. R. 1940-1975. Catalogue of Foraminifera. — Amer.” Mus. Nat. Hist. Spec. Publ.
New York. !
EL-NAGGAR, Z. R. 1966. Stratigraphy and planktonic foraminifera of the Upper Cretaceous-Lower Tertiary succession
in the Esna-1dfu region, Nile valley, Egypt, U. A. R. — Bull. British Mus. Nat. Hist., Geology, Suppl. 2, 1-291
— 1971a. The genus Rugoglobigerina in the Maastrichtian Sharawna Shale of Egypt. In: Proc. Second Planktonic
Conf. In: A. Farinacci ed., 1, 477-537. Ediz. Tecnoscienza, Roma.
— 1971 b. On the classification, evolution, and stratigraphical distribution of the Globigerinacea. — Ibidem, 1,
421-476.
— and Havynes, J. 1967. Globotruncana caliciformis in the Maastrichtian Sharawna Shale of Egypt. — Contr.
Cushman Found. Foram. Research, 18, 1-13.
Esker, G. C. III. 1969. Planktonic foraminifera from St. Ann’s Great River Valley, Jamaica. — Micropaleontology,
15, 210-220. :
FunneLL, B. M., FrienD, J. K. and Ramsay, T.S. 1969. Upper Maestrichtian planktonic foraminifera from Galicia
Bank, west of Spain. — Palaeontology, 12, 19-41.
GanDoLFI, R. 1942. Ricerche micropaleonfologiche e stratigrafiche sulla Scaglia e sul Flysch cretacici dei dintorni di
Balerna Canton Ticino). — Riv. Ital. Paleont., 48, suppl. mem. 4, 1-160.
— 1955. The genus Globotruncana in northeastern Colombia. — Bull. Amer. Paleont., 36, 155, 1-118.
GAwWOR-BiEDOWA, E. 1972, The Albian, Cenomanian and Turonian foraminifers of Poland and their stratigraphic
importance. — Acta Pal. Pol., 17, 3-151.
Gazpzicka, E. 1978. Zespoly nannoplanktonu wapiennego z pogranicza kredy i trzeciorzedu Polski centralnej (wyZyna
lubelska). — Acta Geol. Pol., 28 335—375.
GORKA, H. 1957. Coccolithophoridae z gbrnego mastrychtu Polski Srodkowej (Les Coccolithophoridés du Maestrichtien
supérieur de Pologne). — Acta Pal. Pol., 17, 2/3-151.
GovINDAN, A. 1972. Upper Cretaceous planktonic foraminifera from the Pondicherry area, south India. — Micro-
paleontology, 18, 160-193.
GRranaM, J. J. and CHurcH, C. C. 1963. Campanian foraminifera from the Stanford University campus, California. —
Stanford Univ. Publ., Geol. Sci., 8 (no. 1), 1-90.
HaGN, H. and ZeiL W. 1954. Globotruncana aus dem Ober-Cenoman und Unter-Turon der Bayerischen Alpen. —
Ecl. Geol. Helv., 47, 1-60.
HamaMm, K. A. and Haynes, J. R. 1977. Upper Cretaceous-Lower Tertiary biostratigraphy and planktic Foraminifera
of Abu El Awafi succession, Jordan. — Rev. Espan. Micropal., 9, 49—68.
Hancock, J. M. 1959. Les Ammonites du Cénomanien de la Sarthe. Colloque sur le Crétacé supérieur frangais. —
C. R. Congr. Savantes — Dijon. Paris.
HanzLikOVA, E. 1972, Carpathian Upper Cretaceous Foraminiferida of Moravia (Turonian-Maastrichtian). — Rozpr.
UUG, 39, 1-160.
HELLER, 1. 1975. Mikrobiostratygrafia osadow kredowych potudniowej czeéci synklinorium i6dzkiego (Microbiostrati-
graphy of the Cretaceous deposits in the southern part of LodZ Synklinorium, Central Poland). — Ann. Soc.
Géol. Pol., 45, 233-254.
HerB, R. 1974. Cretaceous planktonic foraminifera from the eastern Indian Ocean, Leg 26 of the Deep Sca Drilling
Project. In: T. A. Davis, B. P. Luyendyk et al. (eds.), Initial Reports of the DSDP, 26, 745-769. Washington.
HerM, D. 1962. Stratigraphische und mikropaldontologische Untersuchungen der Oberkreide im Lattengebirge und im
Nierental (Gosaubecken von Reichenhall und Salzburg). — Bayer. Akad. Wiss., Math.-Nat. Kl., Abh., n. ser.,
104, 1-119.
— 1965. Mikropaldontologisch-stratigraphische Untersuchungen im Kreideflysch zwischen Deva und Zumaya
(Prov. Guizpuzcoa, Nordspanien). — Deutsche Geol. Ges. Zeit., 115, 277-348.
HINTE, J. E. van 1965. The type Campanian and its planktonic foraminifera. — Koninkl. Nederlandse Akad. Wetensch.
Proc., ser. B, 68, 8-28.
— 1969. A Globotruncana zonation of the Senonian Subseries. In: P. Bronnimann and H. H. Renz (eds), Proc. First.
Intern. Conf, Plankt. Microfossils, 2, 257-266.
— 1972, The Cretaceous time scale and planktonic-foraminiferal zones. — Koninkl. Nederlandse Akad. Wetensch.
Proc., ser. B, 75, 1-8.
— 1976. A Cretaceous time scale. — Anm. Assoc. Petrol. Geol. Bull., 60, 489-516.
Horker, J. 1966. Maestrichtian, Danian and Paleocene Foraminifera. Palaeontographica, 10, 1-375.
IsraHIM, A. H. M. 1976. Biostratigraphische Untersuchungen mit planktonischen Foraminiferen in der Oberkreide
des Gosau-Beckens von Eiberg (Tirol). — Diss., pp. 170. Miinchen.



PLANKTIC FORAMINIFERA ZONATION OF POLISH UPPER CRETACEOUS 93

JELETZKY, J. A. 1958. Die jungere Oberkreide (Oberconiac bis Maastricht) Siidwestrusslands und ihr Vergleich mit der
Nordwest- und Westeuropas. — Beih. Geol. Jb., 1, 33.
Jirova, D. 1956. Rod Globotruncana ve vy$$im turonu a emeru Ceské kiidy. — Univ. Carolina Geol., 2, 239-255.
KassaB, 1. I. M. 1973. Planktonic Foraminiferida of the Shiranish Formation type locality (northern Iraq), — J. Geol.
Soc. Iraq, 6, 100-109.
— 1974. The genus Heterohelix (Foraminiferida) from northern Iraq. — Ibidem, 7, 75-94.
KenneDY, W. J. 1969. Thecorrelation of the Lower Chalk of south-east England. — Proc. Geol. Assoc., 80.
KIKOINE, J, 1948. Les Heterohelicidae du Crétacé supéricur pyrénéen. — Bull. Soc. Géol. France, sér. 5, 18, 15-35.
KonGIEL. R. 1935, W sprawie wieku ,,siwaka” w okolicach Pulaw (Contribution & ’étude du ,,siwak” dans les environs
de Pulawy). — Prace Tow. Przyj. Nauk w Wilnie, 9, 171-2217.
— 1962, On belemnites from Maastrichtian, Campanian and Santonian sediments in the Middle Vistula valley
(Central Poland). — Prace Muz. Ziemi, 5, 3-148.
KowaLskl, W. C. 1961. Wytrzymalosé-na $ciskanie budowlanych skal senonskich przetomowego odcinka Wisly $rod-
kowej na tle ich litologii. — Biul. Geol. UW, 1, 2, 3-113.
KracH, W. 193]. Niektore malze i $limaki kredowe z Kazimierza nad Wisla i okolicy (Einige Kreide-Gastropoden und
Lamellibranchiaten von Kazimierz an der Weichsel und Umgegend). — Ann. Soc. Géol. Pol., 7, 355-397.
KRASHENINNIKOV, V. A. 1974, Cretaceous and Paleogene planktonic foraminifera. Leg 27 of the Deep Sea Drilling
Project. In: P. T. Robinson and H. M. Bolli (eds), Initial Reports of the DSDP, 27, 663-671. Washington.
Kunry, B. 1970. Some observations on the type material of Globotruncana elevata (BROTzEN) and Globotruncana conca-
vata (BROTZEN). — Rev. Espan. Micropal., 2, 291-304.
KURLENDA, Z. 1966. Przyczynck do znajomosci fauny gornokredowej w przelomie srodkowej Wisly (Contribution to the
knowledge of the Upper Cretaceous fauna in the gap of Central Vistula). — Acta Geol. Pol., 16, 519-530.
— 1967. Litologia i stratygrafia utwordéw kredy gornej miedzy Wesolowka a Sulejowem nad Wisla (turon gérny-
-kampan dolny) (Lithology and stratigraphy of the Upper Chalk sediments between Wesoléwka and Sulejéw upon
the Vistula (Upper Turonian-Lower Campanian)). — Studia Soc. Sci. Torun., sect. C, 6, 3, 1-16.
Ksiazkiewicz, M. 1956. Jura i kreda Bachowic. — Ann. Soc. Géol. Pol., 24, 119-405. .
LaMoLDa, M. A. 1977. Los Marginotruncaninae del Turoniense Vasco-Cantabrico. — Rev. Espan. Micropal., 9,
381-410. P
Liszkowa, J. 1967. A microfauna of the Upper Cretaceous marls in the Subsilesian Series of the Wadowice region
(western Carpathians). — Biul. Inst. Geol., 211, 341-353.
LoesLICH, A. R. and Tarpan, H. 1946. New Washita Foraminifera. — J. Paleont., 20. 238-258.
— and — 1961. Cretaceous planktonic foraminifera: Part 1 — Cenomanian. — Micropaleontology, T, 257-304,
— and — 1964. Sarcodina, chiefly “Thecamebians” and Foraminiferida. In: Treatise on Ipvert. Paleontol., part C.
Protista 2, 1-2, 1-900. — Geol. Soc. Amer., Lawrence.
LoeBLICH, A. R., Tarran, H., BEckmann, J. P., BoLLl H. M., MonTaNARO GALLITELLI E. and TROELSEN, J. C. 1957.
Studies in Foraminifera. — Bull., U. S. Nat. Mus., 215, 1-323.
LoNGORIA, J. F. 1970. Estudio en seccién delgada de algunas especies del genero Globotruncana Cushman del este de
México. — Inst. Mex. Petrol., 70, 1-135.
— 1973a. A species of Globotruncana from the Upper Cretaceous of Texas and Mexico. — Micropaleontology, 19,
97-100.
— 1973b. Remarks on the foraminiferal genus Reralipora Brotzen. — Acta Pal. Pol., 18, 455-460.
— 1974. Stratigraphic, morphologic and taxonomic studies of Aptian planktonic Foraminifera. — Rev. Espan.
Micropal., num. extraord., 1, 1-107.
— and Gamper, M. 1975. The classification and evolution of Cretaceous planktonic Foraminifera. Part I: the
superfamily Hedbergelloidea. Rev. Espanola Micropal., num. esp., 1, 61-96.
LUTERBACHER, H. 1975. Early Cretaceous foraminifera from the northwestern Pacific. Leg 32 of the Deep Sea Drilling
Project. In: R. L. Larson R. Moberly etal. (eds.), Initial Reports of the DSDP, 32, 703-718. Washington.
LoziNskA-STEPIEN, H. 1964. Mineraly itowc skal turonskich okolic Annopola nad Wisla (Clay minerals of the Turonian
rocks in the vicinities of Annopol on the Vistula river). — Przegl. geol., 1964, 379-383.
— 1965. Wiasnosci fizyczno-mechaniczne skal turoniskich przelomowego odcinka Wisly §rodkowej (okolic Anno-
pola) na tle ich litologii. — Biul. Geol. UW, 6, 7-179.
Luniewskr, A. 1923. Z geologii okolic Zawichosta (Sur la géologie des environs de Zawichost). — Sprawozd Paristw.
Inst. Geol., 2, 49-72.
MaRrciNowskI, R. 1970. The Cretaceous transgressive deposits east of Czestochowa (Polish Jura Chain). — Acta Geol.
Pol., 20, 413-450.
— 1974. The transgressive Cretaceous (Upper Albian through Turonian) deposits of the Polish Jura Chain. —
Ibidem, 24, 117-220.
MaRrks, P. 1967. Rotalipora et Globotruncana dans la craie de Théligny (Cénomanien; dépt. de la Sarthe), -— Koninkl.
Nederlandse. Akad. Wetensch. Proc., Ser. B, 70, 264-275.
MAaRTIN, L. 1964. Upper Cretaceous and Lower Tertiary Foraminifera from Fresno County, California. — Jb. Geol.
B.-A., Sonderb., 9, 1-128.



94 DANUTA PERYT

MarTIN, S. E. 1972. Reexamination of the Upper Cretaceous planktonic foraminiferal genera Planogldbulina CUSHMAN
and Ventilabrella CUSsHMAN. — J. Foram. Res., 2, 73-92,

MasLakova, N. I. (Macnakosa, H. 11.) 1977. 3onanpHas cxema BepaHero mena rora CCCP no rioGoTpyHKaHmaam
U MeTOOBl €& paspaboTKu. — Bonp. muxponaseonm. 19, 77-98.

MasTERS, B. A. 1976. Planktic foraminifera from the Upper Cretaccous Selma Group, Alabama —J Paleontology,
50, 318-330.

MasTERs, B. A. 1977. The neotype of Globigerina cretacea var. delrioensis CARSEY — Ibidem, 51, 643.

- MATWIEJEWOWNA, L. 1935. Analiza fauny malzéw i §limakéw siwaka z okolic Putaw (Stratigraphische Betrachtung der
Pelecypoden und Gastropodenfauna des ,,Siwak” in der Umgegend von Pulawy bel Lublin). — Prace Tow. Przyj.
Nauk w Wilnie, 9, 91-117.

MicHaEL, F. Y. 1972. Planktonic foraminifera from the Comanchean Series (Cretaceous) of Texas. — J. Foram.
Research., 2, 200-220.

MONTANARO GALLITELLL, E. 1957. A revision of the foraminiferal family Heterohelicidae. — U S. Nat, Mus. Bull.,
215, 133-154.

MoorxkEns, T. L. 1969. Quclques Globotruncanidae et Rotaliporidae du Cénomamen Turonien et Comacnen de la
Belgique. — In: P. Bronnimann and H. H. Renz (eds), Proc. First. Intern. Conf. Plankt. Microfoss., 2, 435-459.
Leiden.

MORAWIECKI, A. 1957. Wyniki badan wapienia z kamieniolomu w Karsach kolo Opatowa (Results of investigations of
limestone from the quarry at Karsy near Opatéw). — Kwart. gecl., 1, 361-373. .

MornoD, L. 1950. Les Globorotalidés du Crétacé supérieur du Montsalvens (Préalpes fribourgeoises). — Ecl. Geol
Hely., 42, 573-596.

Morrow, A. L. 1934, Foraminifera and Ostracoda from the Upper Cretaceous Kansas. — J. Paleontology, 8, 186-205.

Neagu, T. 1969: Cenomanian planktonic foraminifera in the southern part of the eastern Carpathians. — Ann.. Soc.
Geol. Pol., 39, 133-155.

NorLING, E. 1973. The foraminiferal fauna. — Medd. Dansk Geol. Foren., 22, 97-112,

NorTH, B. R. and CaLpweLL, W.- G. E. 1970. Foraminifera from the Late Cretaceous Bearpaw Formation in the

. South Saskatchewan River valley. — Saskatchewan Research Council, Geol. Div., Rep. 9, 1-117. Saskatoon.
— and — 1975. llustrations of Canadian fossils. Cretaceous foraminifera from Saskatchewan and Manitoba. —
Geol. Survey Canada, Paper 74, 38, 1-35.

OLssoN, R. K. 1960. Foraminifera of latest Cretaceous and earliest Tertiary age in the New Jersey, Coastal Plain. —
J. Paleontology, 34, 1-58.

— 1964, Late Cretaceous planktonic foraminifera from New Jersey and Delaware. — Micropaleontology, 10,
157-188.

OweN, M. 1973. Upper Cretaceous planktonic Foraminifera from Papua New Guinea. — Bull. Bur. Min. Res. Geol.
Geoph. 140, 47-66.

PessagNo, E. A., Jr. 1960. Stratigraphy and micropaleontology of the Cretaceous and lower Tertiary of Puerto Rico. —
Micropaleontology, 6, 87-110. :

— 1962. The Upper Cretaceous stratigraphy and micropaleontology of south-central Puerto-Rico. — Ibidem, 8,
349-368.

— 1967. Upper Cretaceous planktonic foraminifera from the western Gulf Coastal Plain. — Palaeontographica
Americana, 5, 37, 245-445. Ithaca.

— 1969. Upper Cretaceous stratigraphy of the western Gulf Coast area of Mexico, Texas, and Arkansas. —Mem
Geol. Soc. Amer., 111, 1-139.

PETTERS, S. W. 1977. Upper Cretaceous planktonic foraminifera from the subsurface of the Atlantic Coastal Plain of
New Jersey. — J. Foram. Research, 7, 165-187.

PoriEL-Barczyk, E. 1968. Upper Cretaceous terebratulids (Brachiopoda) from the Middle Vistula gorge. — Prace
Muz. Ziemi, 12, 3-86.

PORTHAULT, B. 1969. Foraminiféres planctoniques et biostratigraphie du Cénomanien dans le Sud-Est de la France.
In: P. Brénnimann and H. H. Renz (eds), First Intern. Conf. Plankt. Microf., 2, 526—546, Leiden.

— 1970. Foraminiféres. In: P. Donze, B. Porthault, G. Thomel, O. de Villoutreys, Le Sénonien inférieur de Puget
Théniers (Alpes Maritimes) et sa microfaune. — Geobios, 3, 41-106.
— 1974. Le Crétacé supérieur de la ,,Fosse Vocontienne” et des régions limitrophes (France sud-est). Ph. D. thesis.

PostuMa, J. A. 1971. Manual of planktonic Foraminifera. Elsevier, 1-420, Amsterdam.

. Pozaryska, K. 1952. Zagadnienia sedymentologiczne gdrnego mastrychtu i danu okolic Pulaw (The sedimentological
problems of Upper Maastrichtian and Danian of the Pulawy environment, Middle Vistula). Biul. Panst. Inst. Geol.,

. 81, 1-104.

— 1954, O przewodnich otwornicach z kredy gornej Polski §rodkowej. Acta Geol. Pol., 4, 249-276.

— 1957. Lagenidae du Crétacé supérieur de Pologne. — Palaeont. Polonica 8, 1-190.

— 1965. Foraminifera and biostratigraphy of the Danian and Moutian in Poland. — Ibidem, 14, 1-156.

— 1967. Badania warstw pogranicznych kredy i trzeciorzedu w Polsce pozakarpackiej (Cretaceous-Tertiary transition
beds in Poland, except for the Carpathians). — Kwart. Geol., 11, 661-672.



PLANKTIC FORAMINIFERA ZONATION OF POLISH UPPER CRETACEOUS 95

Pozarvsk1, W. 1938. Stratygrafia senonu w przetomie Wisly migdzy Rachowem i Pulawami (Senonstratigraphie im
Durchbruch der Weichsel zwischen Rachéw und Pulawy in Mittelpolen). — Biul. Panstw. Inst. Geol., 6, 1-94.

—  1947. Zioze fosforytéw na pétnocno-wschodnim obrzezeniu Goér Swigtokrzyskich (A phosphate deposit of the
north-eastern periphery of the Swiety Krzyz Mountains). — Ibidem, 27, 5-56.

— 1948. Jura i kreda miedzy Radomiem, Zawichostem i Krasnikiem (Jurassic and Cretaceous between
Radom, Zawichost and Krasénik, Central Poland). — Ibidem, 46, 1-141.

— 1951, Odwapnione utwory kredowe na péinocno-wschodnim przedpolu  Gér Swietokrzyskich (Decalcified
Cretaceous deposits of the north-eastern periphery of the Holy Cross Mts; in Polish only). — Ibidem, 15, 1-54.

— 1966. Stratygrafia kredy niecki wloszczowskiej (Cretaceous stratigraphy in the Wioszczowa trough). — Kwart.
Geol., 10, 1032-1046.

— and Pozaryska, K. 1960. On the Danian and Lower Paleocene sediments in Poland. — XXI Intern.
Geol. -Congr., 5, 170-181. Copenhagen.

— — 1970. Wycieczka do Kazimierza Dolnego i okolicy (Excursion to Kazimierz Dolny and its environs; in Polish
only). In: A. Malicki (ed.), Przew. XLII Zjazdu Polsk. Tow. Geol. 167-179. Warszawa.

— and Witwicka, E. 1956. Globotrunkany kredy gornej Polski §rodkowej (Globotruncana of the Upper Cretaceous
in Central Poland). — Biul. Inst. Geol., 102, 5-18.

PrEMoLI SiLva, I. and Borri, H. M. 1973. Late Cretaceous to Eocene planktonic foraminifera and stratigraphy.of Leg 15
Sites in the Carribean Sea. In: N. T. Edgar, J. B. Sauders ez al. (eds), Initial Reports of the DSDP, 15,
499-547, Washington.

Pucaczewska, H. 1977. The Upper Cretaceous Ostreidae from the middle Vistula region (Poland). — Acta Pal. Pol.,
22, 187-204.

RADWAKSKI, A, 1960. Osuwiska podmorskie w malmie i senonie mezozoicznego obrzezenia Gér Swietokrzyskich. —
Acta Geol. Pol., 10, 221-244,

Renz, O., LUTERBACHER, H. and ScHNEIDER, A. 1963. Stratigraphisch- palaontologlsche Untersuchungen im Albien
und Cenomanien des Neuenburger Jura. — Ecl. Geol, Helv., 56, 1073-1116.

RosaszyNski, F. and LIvIN, J. 1976. L’observation géologique en carriére. Un exemple: Bellignies. Intéréts pour I’exploi-
tant. — Dép. Min. Géol., 2, 39-52.

RoBLES-RAMoOs, M. L. and FLores-CovarRRrUBIAS, C.1969. Catalogo ilustrado de los foraminiferos plancténicos utilizados
en la zonificacion realizada por Bolli, 1966. — Publ. Inst. Mex. Petrol., 69, 37-196.

RODRIGUEZ, D. L. 1977. Foraminiferos plancténicos del Cretacico superior de los' Cordilleros Bésicos (sector central),
Ph. D. thesis, 1-410. Malaga.

Saip, R. and KeEnawy, A. 1956. Upper Cretaccous and Lower Tertiary foraminifera from northern Sinai, Egypt. —
Micropaleontology, 2, 105-173.

Sarayl, J. and SamueL, O. 1963. Mikrobiostratigrafia srednej a vrchnej kriedy z vychodnej €asti bradloveho pasma. —
Geol. Prace, Zpravy, 30, 93-112,

— and — 1966. Foraminifera der Westkarpaten-Kreide. Geol. Ustav onnyza Stira, 1-291, Bratislava.

SAMSONOWICZ, J. 1924, Sprawozdanie z badan geologicznych w okolicy Rachowa nad Wisla (C-R. des recherches géolo-

~ giques dans les environs de Rachéw sur la Vistule). — Pos. nauk. PIG, 7, 6-8.

— 1925. Szkic geologiczny okolic Rachowa nad Wisla oraz transgresje albu i cenomanu w bruzdzie p6éinocno-euro-
pejskiej (Esquisse géologique des environs de Rach6w sur la Vistule et les transgressions de 1'Albien et du. Céno-
manien dans le sillon nord-européen). — Sprawozd. Panstw. Inst. Geol., 3, 45-118. :

— 1934, Objaénienie arkusza Opatéw. Ogélna mapa geologiczna Polski (Explication de la feuille Opat6éw.
Carte géologique générale de la Pologne). — Panstw. Inst. Geol., 1-117. Warszawa.

SaMUEL, O. and Saraj, J. 1962. Einige neue Foraminiferenarten aus der Kreide und dem Paldogen von Westkarpaten —
Geol. Prdce, Zpravy, 24, 153-191.

SANDULESCU, J. 1969. Globotruncanidae zones in the Upper Cretaceous within the Tara Birsei area (crystalline- Meso201c
zone, Eastern Carpathians), — Ann. Soc. Géol. Pol., 39, 183-212.

SERONIE-VIVIEN, M. 1972. Contribution A I'étude du Sénonien en Aquitaine septentrionale. Ses stratotypes: Coniacien,
Santonien, Campanien. Com. Franc. Stratigr., Les Stratotypes Frangais, 2, CNRS, 1-195. Paris.

SLITER, W. V. 1968. Upper Cretaceous Foraminifera from southern California and northwestern Baja California, Mexico.
Univ. Kansas Paleont. Contr. 49, Protozoa art. 6, 1-141.

— 1973. Upper Cretaceous foraminifera from the Vancouver Island area, British Columbia, Canada. — J. Foram.
Research, 3, 167-186.

— 1977, Cretaceous foraminifers from the southwestern Atlantic Ocean, Leg 36, Deep- Sea Drilling Project. In:
P. F. Baker, I. W. D. Dalziel et al. (eds), Initial Reports of the DSDP, 36, 519-573. Washington.

SmitH, Ch. C. and PessagNo, E. A., Jr. 1973. Planktonic foraminifera and stratigraphy of the Corsicana Formation
(Maestrichtian), North Central Texas. — Cushman Found. Foram. Research, Spec. Publ. 12, 1-68.

STAPLETON, R. P. 1975, Planktonic foraminifera and calcareous nannofossils at the Cretaceous-Tertiary contact in
Zululand. — Palaeont. afr., 18, 53-69.'

STENESTAD, E. 1969, The genus Heterohelix EBRENBERG, 1843 (Foraminifera) from the Senonian of Denmark. In:
P. Brénnimann and H. H. Renz (eds.), Proc. First. Intern. Conf. Plankt, Microfoss., 2, 644652, Leiden.



96 DANUTA PERYT

STURM, M. 1969. Zonation of Upper Cretaceous by means of planktonic Foraminifera, Allersee (Upper Austria). —
Ann. Soc. Géol. Pol., 39, 103-132.

SuBBOTINA, N. W. Cyss0THHA, H. B. 1953. I'noGureprmuas!l, xaﬂmeﬂmbxnrno6opomnnunbx — Tpydow BHHIPH,
76, cTp. 239.

Suskowskl, Z. 1931. Petrografia kredy Polski. Kreda z glgbokiego wiercenia w Lublinie w por6éwnaniu z kreda niektérych
innych obszaréw Polski (Etude pétrographique du Crétacé en Pologne). — Sprawozd. Panstw. Inst. Geol., 6,
485-628.

SzczecHURA, J. 1958. Stratygrafia mikropaleontologiczna kredy bialostockiej. (Micropalaeontological stratigraphy of the
Cretaceous deposits in Bialtystok (Poland)). — Biul. J. G. 4, 95-112.

— 1964. Monoceratina Roth (Ostracoda) from the Upper Cretaceous and Lower Paleocene of North and Central
Poland. — Acta Pal. Pol. 9, 357-418.

— 1965. Cytheracea (Ostracoda) of the uppermost Cretacecus and lowermost Tertiary from Central and North
Poland. — Ibidem, 10, 451-564.

TaKAYANAGI, Y. 1965. Upper Cretaceous planktonic Foraminifera from the Putah Creek subsurface section along the
Yolo-Solano County line, California. — Sci. Rep. Tohoku Univ., ser. 2 (Geol.), 36, 161-237.

Tappran, H. 1940. Foraminifera from the Grayson Formation of northern Texas. J. Paleontology, 14, 93-126.

TEISSEYRE, B. 1975. Stratygrafia mikrofaunistyczna gornej kredy rowu Nysy (Sudety Srodkowe). (Stratigraphy based
upon Foraminifera of Upper Cretaceous deposits, Nysa Graben, Central Sudetes). — Ann. Soc. Géol. Pol., 45,
81-126. '

Topp, R. 1970. Maestrichtian (Late Cretaceous) Foraminifera from a deep-sea core of Southwestern Afrlca — Rev.
Espan. Micropal., 2, 131-154.

UBEKNA, J. 1955. Jura i kreda srodkowa okolic Goscieradowa (Jurassic and Middle Cretaceous in the vicinity of Goscie-
radoéw; in Polish only). — Przegl. geol., 442-444.

— 1967. Rozwdj serii fosforytonosnej pétnocnego obrzezenia Gor Swietokrzyskich na tle zagadnied sedymentolo-
gicznych albu i cenomanu (Development of the phosphorite-bearing series of the northern margin of the Swiety
Krzyz Mountains, in the light of the sedimentology of the Albian and Cenomanian). — Biul. Inst. Geol., 206,
5-113.

VAPTZAROVA, J. 1974, Foraminiféres des sédiments maestrichtiens de type carpathique de la Bulgarie Nord-Ouest. —
Bull. Geol. Inst., ser. paleont., 23, 31-56.

— 1975, Foraminiféres planctoniques et zones au Campanien de la Bulgarie du Nord Ouest. — Paleont., Strat.,
Litol., 1, 19-32.

— 1976a. Foraminiféres planctoniques et zones dans le Turonien supérieur-Coniacien et le Santonien de la Bulgarie
du nord-ouest. — Ibidem, 4, 47-62.

— 1976b. Zonation du Crétacé supérieur du type carpathique en Bulgarie du Nord-Ouest d’aprés les Foraminiféres
planctoniques. — Geol. Balcan., 6, 93-109.

VILLAIN, J. M. 1977. Le Maastrichtien dans sa région type (Limbcurg, Pays-Bas). Etude stratigraphique et micropaléon-
tologique. — Palaeontographica, Abt. A, 157, 1-87.

WaiITE, M. P. 1929. Some index foraminifera of the Tampico Embayment area of Mexico, Part ITI. — J. Paleomology, N
30-58.

Witwicka, E. 1958. Stratygrafia mikropaleontologiczna kredy gérnej wiercenia w Chelmie (Micropalacontological
stratigraphy of the Cheim borehole). — Biul. Inst. Geol., 121, 177-267.

WRIGHT, C. A. and APTHORPE, M. 1976. Planktonic foraminiferids from the Maastrichtian of the Northern Shelf,
Western Australia. — J. Foram. Research, 6, 228-240.

WRIGHT, E. 1951. A survey of the fossil Cephalé)poda of the Chalk of Great Britain, — Palaeontogr. Soc., 104, 3.

WRIGHT, M. C. W. 1959. Les étages supracrétacés ct la phylogénic des Ammonides. 84th Cong. Soc. Sav. Paris, Dijon,
Sec. Sci., C. R. Colloque sur le Crétacé supérieur frangais, 765-778.

WyrwickA, K. 1977. Wyksztalcenie litologiczne i weglanowe surowce skalne mastrychtu lubelskiego (Lithological
development and carbonate raw materials of the Lublin Maastrichtian). — Biul. Inst. Geol., 299, 5-98.



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 FXXIII/2, 3, 4.
7-8. Guembelitria cretacea CusuMaN. Kazimierz, Upper Maastrichtian. ZPAL FXXII/5, 6.
9-10. Guembelitriella sp. Kazimierz, Upper Maastrichtian. ZPAL FXXIIl/7, 8.

PLATE 2

1. Pseudoguembelina sp. Dobre, Upper Maastrichtian. ZPAL FXXII1/240.
2,4, 5,7, 13. Heterohelix striata (Ehrenberg) Kazimierz, Upper Maastrichtian. ZPAL FXXIII/9, 10, 11, 12, 13.
3, 8. Heterohelix moremani (CusiMman). Dobre, Upper Maastrichtian. ZPAL FXXIII/16, 17.
6. Heterohelix ultimatumida (WHite). Kazimierz, Upper Maastrichtian. ZPAL FXXIII/15.
9-10. Heterohelix planata (CusHMaN). Kazimierz, Upper Maastrichtian. ZPAL FXXII1/24, 25.
11-12, 14. Heterohelix globulosa (EHRENBERG). Lucimia, Upper Maastrichtian, ZPAL FXXIII/18, 19, 14.

PLATE 3

1, 3, 6, 7. Chiloguembelina praecursor sp. n. Kazimierz, Upper Maastrichtian. ZPAL FXXIII/36 — holotype (6),
ZPAL FXXI11/34, 35, 37- paratypes (1, 3, 7).
2, 4, 11, 12. Heterohelix ventilabrelliformis (van der SLuis). Kazimierz, Upper Maastrichtian. ZPAL FXXI11/30, 31, 32, 33,
5, 9. Heterohelix navarroensis LOEBLICH. Me¢mierz, Upper Maastrichtian. ZPAL FXXI1I/28, 29.
8. Heterohelix pulchra (BROTZEN). J6zefdéw, Upper Campanian. ZPAL FXXIII/38.
10. Heterohelix reussi (CUsHMAN). Stupia Nadbrzezna. Upper Turonian. ZPAL FXXIII/39.
13-14. Herterohelix planata (CusuMaN). Chotcza, Lower Maastrichtian. ZPAL FXXIII/26, 27.

PLATE 4

1-9. Heterohelix vistulaensis sp. n. Mg¢mierz, Upper Maastrichtian. ZPAL FXXIII/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 FXXIII/52, 53, 54.
4. Planoglobulina brazoensis MARTIN. Chotcza, Lower Maastrichtian. ZPAL FXX111/55.
5. Planoglobulina acervulinoides (EGGER). Chotcza, Lower Maastrichtian. ZPAL FXXIII/56.

6-7. Heterohelix globulosa (EHRENBERG). Lucimia, Upper Maastrichtian. ZPAL FXXIII/20, 21.

8-9. Heterohelix striata (EHRENBERG). Lucimia, Upper Maastrichtian. ZPAL FXX111/22, 23.

PLATE 6

1-2. Pseudotextularia cf. elegans (RzEHAK). Chotcza, Lower Maastrichtian. ZPAL FXXIII/59.

3-4. Pseudotextularia sp. Wesotdowka 44, Lower Campanian. ZPAL FXXI1II/60, 61.

. Planoglobulina carseyae (PLUMMER). Chotcza, Lower Maastrichtian. ZPAL FXXIII/59.

. Pseudotextularia deformis (KikoOINE). Chotcza, Lower Maastrichtian. ZPAL FXXIII/58.

. Racemiguembelina powelli SMiTH and PEssaGNo. Chotcza, Lower Maastrichtian. ZPAL FXXIII/57.

~N oW

PLATE 7

1-2. Globigerinelloides volutus (WHITE). Chotcza, Lower Maastrichtian. ZPAL FXXIII/62, 63.

3-4. Globigerinelloides caseyi (BoLL1, LOEBLICH and TAPPAN). Jakubowice, Cenomanian. ZPAL FXXIII/64, 65.
5, 6, 9. Globigerinelloides bentonensis (MorrROW). Wesoldwka 43, Upper Santonian. ZPAL FXXIII/66, 67, 68.

7. Globigerinelloides yaucoensis (PEssaGNo). Kazimierz, Upper Maastrichtian. ZPAL FXXII1/69.

8, 14. Globigerinelloides prairiehillensis PEssaGNo. Lucimia, Upper Maastrichtian. ZPAL FXXIII/70, 71.
10-11. Heterohelix cf. punctulata (CUSHMAN). Lucimia, Upper Maastrichtian. ZPAL FXXIII/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 PessacNo. Kazimierz, Chotcza, Maastrichtian. ZPAL FXXII1/72, 73, 74, 75,
S—11. Globigerinelloides multispinus (LALICKER). Lucimia, Chotcza, Maastrichtian. ZPAL FXXII1/76, 77, 78, 79, 80,
81, 82.

PLATE 9

1. Hedbergella portsdownensi: (WILLIAMS-MITCHELL). Wesoléwka 40, Lower Santonian. ZPAL FXXIII/83.
2-4. Hedbergella crassa (BoLLl). Chotcza, Lower Maastrichtian. ZPAL FXXIII/84, 85, 86.
5-7. Hedbergella brittonensis LoEBLICH and TAPPAN. Wesolowka 38, Lower Santonian. ZPAL FXXIII/87, 88, 89.
8-10. Hedbergella bornholmensis DouGLas and RaNKIN. Dorotka, Upper Campanian. ZPAL FXXIII/90, 91, 92.
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PLATE 10

.- Hedbergella delrioensis (CARSEY). Jakubowice, Cenomanian. ZPAL FXXIII/94.

. Hedbergella angolae CARON. Jakubowice, Cenomanian. ZPAL FXXIII/95. .

. Hedbergella cf. caspia (VASSILENKO). Jakubowice, Cenomanian. ZPAL FXXIII/96." ‘

. Hedbergella brittonensis LoesLicH and “TAPPAN. Stupia Nadbrzezna, Upper Turonian. ZPAL FXXIII/93.
5-6. Hedbergella planispira (TapPAN). Kaliszany, Upper Campanian. ZPAL FXXIII/97, 98.

7-8. Hedbergella siinplicissima (MAdNé and SicaL). Karsy, Lower Turonian. ZPAL FXXIII/99, 100.

W N =

PLATE 11

1-4. Rotalipora cushmani (MORROW). Jakubowice, Upper Cenomanian. ZPAL FXXIII/104, 102, 103, 104. -

PLATE 12

" 1. Dicarinella biconvexa biconvexa (SAMUEL and SALAj). Karsy, Lower Turonian. ZPAL FXXIII/109,
2.] Dicarinella biconvexa gigantea (SAMUEL and SALAJ). Karsy, Lower Turonian. ZPAL FXXIII/110.
3. Praeglobotruncana hilalensis BARR. Piotrowice, Lower Turonian. ZPAL FXXIII/111.

4. Dicarinellasp. Karsy, Lower Turonian. ZPAL FXXIII/112.

5. Hedbergellasp. Karsy, Lower Turonian. ZPAL FXXIII/113.

6. Rugoglobigerina pennyi BRONNIMANN. Kazimierz, Upper Maastrichtian. ZPAL FXXI1I/191.

PLATE 13

1-3. Dicarinella longoriai sp. n. Karsy, Lower Turonian. ZPAL FXXIII/114 ;ho]otype (1), ZPAL FXXIN/115, 116 —
paratypes (2, 3). o ' '
4-6. Praeglobotruncana delrioensis (PLUMMER). Karsy, Lower Turonian. ZPAL FXXII1/117, 118, 119.
7-9. Praeglobotruncana stephani (GanpoLri). Karsy, Lower Turonian. ZPAL FXXIII/120, 121, 122. ~ ‘
10-12. Dicarinella imbricata (MorRNoOD). Karsy, Lower Turonian. ZPAL FXXIII/123, 124, 125.

PLATE 14

1. Marginotruncana longilocula (GANDOLFI). Wesotéwka 38, Lower Santonian. ZPAL FXXIII/127.
2. Marginotruncana pseudolinneiana PeEssaGNo. Wesotdwka 43, Upper Santonian. ZPAL FXXII1/128.

3-5. Marginotruncana paraconcavata PORTHAULT. Wesoléwka 39, Lower Santonian ZPAL FXXI11/130, 219, 220.
6. Marginotruncana cf. renzi (GANDOLFI). Wesoléwka 32, Coniacian. ZPAL FXXIII/225.

7a
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PLATE 15

1. Marginotruncana caronae sp. n. Stupia Nadbrzezna, Upper Turonian. ZPAL FXXIII/132 — holotype (1a), ZPAL
FXXIII/227, 228 — paratypes (15, 1¢).

2. Dicarinella cf. concavata (BROTZEN). Wesoldwka 43, Upper Santonian. ZPAL FXXIII/133.

3. Marginotruncana sinuosa PORTHAULT. Wesoldwka 39, Lower Santonian. ZPAL FXXIII/136.

4. Marginotruncana sp. Kolonia Slupia Nadbrzezna, Upper Turonian. ZPAL FXXIII/135.

PLATE 16

1-2. Marginotruncana cororata (BoLL1). Wesotdwka 40, Lower Santonian. ZPALFXXIII/105, 106.
3. Glebotruncana churchi MaRTIN. Ciszyca Kolonia, Upper Campanian. ZPAL FXXIII/107.
4. Globotruncana arca (CusuMaN). Ciszyca Gérna, Upper Campanian. ZPAL FXXI1I1/108.

PLATE 17

1-3. Globotruncana plummerae (GanpoLF1). Dorotka, Upper Campanian. ZPAL FXXI1II/146, 147, 148.
4. Marginotruncana sp.; Wesoloéwka 32, Coniacian. ZPAL FXXIII/149, 222, 223,
5. Marginotruncana marginata (REuss). Wesotdwka 41, Upper Santonian. ZPAL FXXII1/150.

6-8. Globotruncana bulloides VoGLER. Sulejéow, Upper Campanian. ZPAL FXXII/151, 152, 153.

PLATE 18

1. Globotruncana ventricosa (WHITE). Ciszyca Go6rna, Upper Campanian. ZPAL FXX1II/134. -~
2-4. Globotruncana sp. Ciszyca Gérna, Upper Campanian. ZPAL FXXIII/137, 138, 139.
5-7. Globotruncana, fornicata PLummer. Ciszyca Kolenia, Upper Campanian. ZPAL FXXI11/140, 141, 142,
8-10. Globotruncana sp.,. Ciszyca Kolonia, Upper Campanian. ZPAL FXXIII/143, 144, 145,

PLATE 19

1-3. Globotruncana linneiana (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 obligua HErM. Ciszyca Kolonia, Upper Campanian. ZPAL FXXIII/160, 161, 162.
10-12. Globotruncana sp.,. Ciszyca Kolonia, Upper Campanian. ZPAL FXXIII/131.
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PLATE 20

Globotruncana pozaryskae sp. n. Ciszyca Goérna, Upper Campanian. ZPAL FXXII1/174 — holotype (1),
ZPAL FXXIII/175, 176, 177, 178, 179 — paratypes (5, 9-12).

Globotruncanita elevata (BROTZEN). Chotcza, Lower Maastrichtian. ZPAL FXXIII/171, 172, 173.
Globotruncana pessagnoi LONGORIA. Ciszyca Kolonia, Upper Campanian. ZPAL FXXIII/168, 169, 170.
Globotruncana pateiliformis (GANDOLFI). Chotcza, Lower Maastrichtian. ZPAL FXXIII/165.
Globotruncana nothi (BRONNIMANN and BrownN). Ciszyca Kolonia, Upper Campanian. ZPAL

FXXIII/166, 167.

PLATE 21

1-3. Archaeoglobigerina blowi PEsSAGNO. Wesoldwka 39, Lower Santonian. ZPAL FXIIIX/180.
4. Heterohelix vistulaensis sp. n. Me¢émierz, Upper Maastrichtian. ZPAL FXXII1/221 — paratype.
5-7. Archaeoglobigerina cretacea (d’ORBIGNY). Wesolowka 39, Lower Santonian. ZPAL FXXIII/181, 182, 183,
8-10. Helvetoglobotruncana helvetica (BoLLi). Karsy, Lower Turonian. ZPAL FXXI11/184.
11-13. Archaeoglobigerina bosquensis PEssaGNo. Wesoldwka 39, Lower Santonian. ZPAL FXXIII/185, 186, 187.

1,5,9.
2-4, 8.
6-7.
10-i1.

12, 15-16.
13-14.

PLATE 22

Rugoglobigerina milamensis SMiTHand PEssagNo. Kazimierz, Upper Maastrichtian. ZPAL FXXI11/188, 189, 190.
Rugoglobigerina rugosa (PLUMMER). Kazimierz, Upper Maastrichtian. ZPAL FXXIII/199, 200, 201, 202.
Rugoglobigerina hexacamerata BRONNIMANN. Kazimierz, Upper Maastrichtian. ZPAL FXXIII/194, 195.
Rugoglobigerina pennyi BRONNIMANN, Kazimicrz, Upper Maastrichtian. ZPAL FXXI11I/191, 192.
Rugoglobigerina macrocephala BRONNIMANN. Kazimierz, Upper Maastrichtian. ZPAL FXXIII/196, 197, 198.
Rugoglobigerina rotundata BRONNIMANN. Kazimierz, Upper Maastrichtian. ZPAL FXXII1/203, 204.

PLATE 23

1-3. Globotruncanella petaloidea (GanpoLri). Chotcza, Lower Maastrichtian. ZPAL FXXII1/205, 206, 207.

4-6. Whiteinella baltica DouGLaAs and RANKIN. Wesoléwka 39, Lower Santonian. ZPAL FXXI111/208, 209, 210.

7-9. Abathomphalus? subornatus (GANDOLFI). Dorotka, Upper Campanian. ZPAL FXXIII/211, 212, 213.
10-12. Abathomphalus? hilli (PEssaGNoO). Chotcza, Lower Maastiichtian. ZPAL FXXIII/214, 215, 216.
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