In: Deep-Sea
Editors: D. R. Bailey and S. E. Howard

ISBN: 978-1-62257-173-4
© 2012 Nova Science Publishers, Inc.

No part of this digital document may be reproduced, stored in a retrieval system or transmitted commercially
in any form or by any means. The publisher has taken reasonable care in the preparation of this digital
document, but makes no expressed or implied warranty of any kind and assumes no responsibility for any
errors or omissions. No liability is assumed for incidental or consequential damages in connection with or
arising out of information contained herein. This digital document is sold with the clear understanding that
the publisher is not engaged in rendering legal, medical or any other professional services.

Chapter 1

MORPHOLOGY, TAXONOMY, STRATIGRAPHICAL
DISTRIBUTION AND EVOLUTIONARY
CLASSIFICATION OF THE SCHACKOINID PLANKTIC
FORAMINIFERA (LATE ALBIAN-MAASTRICHTIAN,
CRETACEOUS)
M. Dan Georgescu*
Department of Geosciences, University of Calgary, Calgary, Alberta, Canada

ABSTRACT
The taxonomic revision of the late Albian-Maastrichtian planktic foraminifera
traditionally assigned to the genus Schackoina reveals the existence of five directional
lineages. Five genera are defined to accommodate these lineages; four of them are new
(Groshenyia, Asymetria, Pseudohastigerinoides and Neoschackoina) and one is emended
(Schackoina). Groshenyia is of late Albian age, and includes two species: G. groshenyae
- new species and G. pentagonalis. Asymetria includes the new species A. asymetrica of
late Albian-earliest Cenomanian age and A. ? sp., which is known only from lower
Albian sediments. The only schackoinid species with distal bulbous projection that passes
the Albian/Cenomanian boundary is A. asymetrica. Schackoina is of late AlbianMaastrichtian age, and includes S. trituberculata, S. cenomana, S. bicornis and S.
multispinata. Two directional lineages evolved from Schackoina: Pseudohastigerinoides
in the early Cenomanian and Neoschackoina in the late Santonian. Pseudohastigerinoides
is of Cenomanian-early Turonian age and includes P. gandolfii and P. moliniensis.
Neoschackoina of the late Santonian-early Maastrichtian consists of N. tappanae and N.
sellaeforma. Test coiling, chamber shape, radially elongate termination and
ornamentation development are the morphological features of paramount importance in
the new schackoinid classification.
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INTRODUCTION
Schackoinid planktics represent a relatively rare foraminiferal group, which mostly
occurs as a minor component in the Cretaceous (late Barremian-Maastrichtian) assemblages.
There are three characteristics of this group formalized at the family level by Pokorný (1958):
small size, tests with an early low trochospiral coil and planispiral in the adult stage, and lastformed chambers with tubulospines. Schackoinid tests occur in two distinct stratigraphical
intervals: upper Barremian-Aptian and upper Albian-Maastrichtian; no such tests are known
in the middle and upper Albian, and apparently this indicates that the schackoinid general test
architecture evolved iteratively in the Cretaceous.
Small test size was apparently a major impediment in developing an accurate taxonomical framework for the representatives of this group. Therefore, the number of chambers
in the final whorl and number of tubulospines on each chamber are the most used
morphological features on which the group taxonomy was based; such features are readily
observable with an optical stereomicroscope. Group scarceness in the fossil record raised an
additional major difficulty in its study, and the vast majority of the schackoinid reports
consist of one or maximum few species collected from a relatively narrow stratigraphical
interval.
A high-resolution taxonomical revision of the late Albian-Maastrichtian schackoinids is
presented in this study. The test morphology, including wall ultrastructure, ornamentation and
porosity characteristics, are studied with the aid of the scanning electron microscope (SEM)
on tests from a variety of worldwide occurrences. The new dataset helps in reassessing
species variability, leading towards a better understanding of the schackoinid taxonomy,
evolution and paleobathymetry.

HISTORY OF CONCEPTS
Thalmann (1932) erected the genus Schackoina to accommodate the two species with
tubular processes: S. cenomana (Schacko, 1897) and S. multispinata (Cushman and
Wickenden, 1930); the term `tubulospine` was later proposed by Montanaro Gallitelli (1955,
p. 142) for the tubular processes of the schackoinid tests. Schackoina received a wide and
immediate recognition among taxonomists (Cushman, 1933; Morrow, 1934; Loetterle, 1937,
etc). A milestone in understanding schackoinid taxonomy was the study of Reichel (1948),
who used thin sections to demonstrate the tubulospine pointed terminations; in addition,
Schackoina diversity was shown by using combinations of features such as chamber shape,
chamber number, tubulospine number, umbilical diameter, etc. Reichel (1948) also first
observed an evolutionary trend in the schackoinid evolution, namely the reduction of the
chamber number in the final whorl.
Bolli (1957) described the double and multiple radial extensions of the chamber, a
taxonomically significant morphological feature of the schackoinid tests. He described the
new genus Leupoldina Bolli, to include the tests in which the last-formed chambers present
two or more radial extensions. Schackoina was emended to include tests with only one radial
extension per chamber irrespective of the extension characteristics: tubulospine, which is
pointed, or bulbous projection. This taxonomical framework was difficult to apply from the
beginning, since Bolli (1957, p. 276) hesitated to reassign to Leupoldina two previously
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described species with two tubulospines on the last-formed chambers, namely S. cenomana
bicornis Reichel, 1948 and S. moliniensis Reichel, 1948. Another inconsistency was revealed
when Bolli (1959, p. 264) considered that a species which has, in general, three tubulospines
on the last-formed one or two chambers should be included within the genus Schackoina.
Another merit of the Bolli’s (1957) study is that the occurrence of the distal bulbous
projection was for the first time mentioned in the schackoinid group; notably, this feature was
known in the non-schackoinid taxa with radially elongate chambers (Cushman, 1931), but
was overlooked in the description of another schackoinid species, namely S. primitiva
Tappan, 1940.
A new taxonomical framework, which considers the radially elongate terminations and
main apertural characteristics as primary taxonomical features, was developed by Loeblich
and Tappan (1964, p. C658). According to this scheme Leupoldina, which was considered of
Aptian age, includes the tests with distal bulbous projection and two symmetrically developed
apertures in the final chamber of the mature specimens, whereas Schackoina (AptianCampanian, ?Maastrichtian) is restricted to the tests with hollow tubulospines and main
aperture in peripheral position.
Discovery of schackoinid taxa with distal bulbous projection of late Albian-earliest
Cenomanian age (Luterbacher and Premoli Silva, 1962) complicated this taxonomical
framework. Initially they were assigned to Clavihedbergella Banner and Blow, 1959
(Luterbacher and Premoli Silva, 1962; Pflaumann and Krasheninnikov, 1977; Miles and Orr,
1980; Leckie, 1984). Caron (1985) assigned them to Schackoina and this framework was
followed by Moullade et al. (2002), Bellier et al. (2003) and Petrizzo and Huber (2006).
Loeblich and Tappan (1988, p. 461) apparently included these taxa within Leupoldina, as
inferred from the expanded stratigraphical range of the genus.
Test ornamentation and porosity characteristics of the schackoinid were studied by
Banner and Desai (1988, p. 170), who concluded that the representatives of the family
Schackoinidae lack ornamentation and have a microperforate test wall. A direct phylogenetic
relationship between the two genera was defined, in which Leupoldina is the ancestor and
Schackoina the descendant. However, Banner and Desai (1988, p. 179) mentioned a gap
spanning the uppermost Albian-Albian interval between the stratigraphical ranges of the two
genera. The ancestor-descendant relationship between Leupoldina and Schackoina was first
mentioned by Banner and Blow (1959), and subsequently used in other studies (van Hinte,
1963; BouDagher-Fadel, 1996; Hart, 1999; Hart et al., 2002).
The schackoinid tests of late Barremian-Aptian age were restudied by Verga and Premoli
Silva (2002, 2005), who confirmed the occurrence microperforate test wall in Leupoldina.
Pseudoschackoina Verga and Premoli Silva, 2005 was described to accommodate the
tubulospine-bearing tests of Aptian age. Despite the name this genus appears closer to
Lilliputianella Banner and Desai, 1988 of the family Praehedbergellidae Banner and Desai,
1988.
The extensive use of the SEM significantly changed the observation resolution and led to
the beginnings of the evolutionary classification in the Cretaceous planktic foraminiferal
group. Georgescu (2009) demonstrated that the non-schackoinid tests with radially elongate
chambers developed several times during the late Albian-Santonian, a well-known pattern in
the planktic foraminiferal evolution (Frerichs, 1971; Steineck and Fleisher, 1978). Such
species evolved from globular-chambered taxa, an evolutionary process that occurred in
trochospiral (Georgescu, 2009) and planispiral taxa (Georgescu and Huber, 2008). A
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taxonomic review of the late Albian-Maastrichtian schackoinids is a necessary step forward
for a better understanding of the Cretaceous planktic foraminiferal evolution.

Figure 1. Tubulospine new terminology in schackoinid planktic foraminifera. The arrows in the figure
above point towards the chamber anterior; tubulospines are given in green. No scale implied.

NEW MORPHOLOGICAL TERMS
The increased observation resolution generated by extensive use of the SEM created the
necessity to re-evaluate schackoinid test morphological features. Tubulospine distribution,
chamber shape and ornamentation development over the two test sides are features of
paramount importance in the new schackoinid taxonomy, and their observed diversity
requires a new and improved terminology.
A new terminology is developed to describe the tubulospine number and position (Figure
1). The tubulospine number and distribution in each schackoinid test can be described as a
combination of four types defined for one chamber: monotubulospines, α-bitubulospines, βbitubulospines and tritubulospines.
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monotubulospines: there is one tubulospine per chamber, and is situated in the test
equatorial plane.
α-bitubulospines: there are two symmetrically arranged tubulospines with respect to
the test equatorial plane; the two tubulospines are situated towards the chamber
anterior part.
β-bitubulospines: there are two tubulospines in the test equatorial plane.
tritubulospines: there are three tubulospines per chamber, with two tubulospines
symmetrically arranged with respect to the equatorial plane, and shifted towards the
chamber anterior part; the third is situated in the test equatorial plane and towards
chamber posterior part.

Figure 2. Chamber shape new terminology used for the schackoinid planktic foraminifera. No scale
implied.

Figure 3. The new terminology used for the chamber ornamentation as a function of its development on
the two test sides. No scale is implied.

The tubulospines from the chambers of the previous whorl, which penetrate through the
younger chambers, are considered residual tubulospines. No taxonomical significance is
conferred to the residual tubulospines.
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Chamber shape is a major feature in schackoinid foraminifer taxonomy both at the
species and genus/lineage level. Five types of chamber shape are recognized: flask-like,
globular, conical, subtetrahedral and strongly elongate, resembling tubulospines (Figure 2).
Schackoinid test ornamentation is a feature that can be studied only with the aid of the
SEM or ESEM. Three types are recognized function of the ornamentation development on the
two test sides: smooth, asymmetrically developed and symmetrically developed ornamenttation (Figure 3). The asymmetrically developed ornamentation, which is smooth on the spiral
side and ornamented on the umbilical side, is for the first time observed in a Cretaceous
planktic foraminiferal test. Notably, different ornamentation patterns on the two test sides, for
example parallel to the periphery in the spiral side and meridional on the umbilical side, can
occur in the Cretaceous planktic foraminifers (Robaszynski et al., 1984; Georgescu and
Huber, 2006), but they should not be confused for the newly defined asymmetrically
developed ornamentation, in which one test side (i.e., spiral side) is completely smooth.

MATERIAL STUDIED
Collection specimens and new material were available for this study, covering the whole
upper Albian-Maastrichtian range of the group considered. More than 600 SEM photographs,
including detailed images, were made during the study.
Table 1. Collection specimens examined for this study

Collection material includes specimens from the Cushman Collection (National Museum
of Natural History, Washington, D. C. - NMNH), Ehrenberg Collection (Naturkundemuseum,
Berlin - NMB), Jacob Whitman Bailey Collection (Farlow Herbarium, Harvard University FH) and Loeblich and Tappan Topotype Collection (NMNH). The labelling system of each
collection of provenance is used (Table 1). The collection specimens are illustrated using a
variety of techniques. The specimens in the Cushman Collection were illustrated using a
Leica environmental scanning electron microscope (ESEM) (Figure 4.1-2, 6-9). The
specimen in the Jacob Whitman Bailey Collection is mounted in Canada balsam and is
illustrated using a transmitted light microscope (Figure 4.5). SEM photographs could be taken
upon the specimens in the Loeblich and Tappan Topotype Collection (Figure 4: 3) and newly
collected ones from the bulk samples from the Ehrenberg Collection (Figure 4.4).
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One species could not be reviewed during this study, namely S. primitiva (Figure 4.1-2).
The holotype is in a good state of preservation, with the radially elongate chambers intact; by
contrast, the test wall is heavily recrystallized and the pores completely obliterated. The two
paratypes are strongly deformed.

Figure 4. Collection specimen used in this study. 1-2 Holotype of Schackoina primitiva from the
Cushman Collection (NMNH); specimen originally figured by Tappan (1943, pl. 18, Figure 14) from
the Grayson Bluff of northern Texas (Denton County). 3 Hypotype of S. multispinata from the Gober
Chalk of Texas; specimen from the Loeblich and Tappan topotype Collection (NMNH). 4 Hypotype of
S. multispinata from the Niobrara Formation of the Upper Missouri; specimen from the Ehrenberg
Collection (NMB), Sample 1595f. 5 Hypotype of S. multispinata from the Niobrara Formation of the
Upper Missouri; specimen from the Jacob Whitman Bailey Collection (FH). 6-7 Holotype of
Hastigerinoides rohri from the upper Albian sediments of the Gautier Formation of Trinidad, and
deposited in the Cushman Collection (NMNH); specimen originally figured by Brönnimann (1952, pl.
1, Figures 8-9). 8-9 Holotype of S. sellaeforma from the Mooreville Chalk of Alabama, deposited in the
Cushman Collection (NMNH); specimen originally figured by Masters (1976, pl. 2, Figure 14).

Table 2. Schackoinid tests yielded by the spot sample sets that were used in this study
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A relatively small number of specimens were observed in four sets of spot samples
(Table 2). Three of them are from Deep Sea Drilling Project (DSDP)/Ocean Drilling program
(ODP) locations in the Atlantic and Indian Oceans, and were examined at the NMNH. The
fourth set came from central Romania being also the only sample set used in this study, which
was collected from an offshore location.
Most of the material was collected from eight DSDP/ODP sites worldwide (Figure 5).
Sample labelling system is that currently used by the DSDP/ODP: leg number-site or hole
number-core number-section number, sample depth in centimetres. The biostratigraphical
framework at each location was evaluated and redone if necessary in order to assure a precise
stratigraphical position for the schackoinid planktic foraminiferal occurrences. Each biozone
recognized is defined and its type is mentioned using the following abbreviations: TRZ-taxon
range zone, IZ-interval zone and PTRZ-partial taxon range zone. The references for the
species used in the biozone definitions are given in the Appendix.
The type specimens of the new species are deposited in the Willi Karl Braun
Micropaleontology Collection (University of Calgary). Specimen number is formed by the
acronym WKB followed by the inventory number.

DSDP Leg 15, Site 150 (Venezuelan Basin, Caribbean Region)
A succession of upper Turonian-lower Campanian sediments was recovered in two cores,
namely 9 and 10. Lithologically the upper bathyal sediments recovered in the two cores
consist of calcareous clay and nannofossil marls in core 9, and dominant nannoplankton
chalks in core 10. Cretaceous biostratigraphy at this site was studied for the complete
succession by Premoli Silva and Bolli (1973), who assigned it a Turonian-Santonian age.
Rich foraminiferal assemblages were recovered from throughout the stratigraphical
succession, which is reinterpreted herein. Three biozones are recognized, and are presented
from the base towards the top (Georgescu, 2010; Georgescu et al., 2011) (Table 3).






Marginotruncana schneegansi Biozone (PTRZ) includes the sediments from the
lowermost part of the succession, and the FO of Dicarinella concavata marks this
biozone upper limit. Age: late Turonian.
D. concavata Biozone (IZ) includes the sediments above the FO of the index species;
the upper limit is marked by an unconformity, which encompasses at least most of
the Coniacian and lower Santonian stratigraphical interval. Age: latest Turonian – (?)
early Coniacian.
Ventilabrella eggeri Biozone (TRZ) is herein defined for the sediments situated
between the FO and LO of V. eggeri; the index species stratigraphical range is that
revised by Georgescu (2010). This biozone is recognized only in a sample at DSDP
Site 150 and is separated by two distinct unconformities from the adjacent
successions. Age: late Santonian.
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Table 3. Schackoinid stratigraphical distribution and frequency at DSDP Site 150.
Frequency key: R-rare (< 5 specimens). The local stratigraphical ranges of the
schackoinid species are given on grey background

The schackoinids yielded by the upper Turonian-? Lower Coniacian sediments are very
well preserved; the tests are recrystallized, but the test high resolution features, such as test
wall ultrastructure, ornamentation and porosity characteristics, can be accurately studied.

DSDP Leg 32, Site 305 (Shatsky Rise, Central Pacific Ocean)
The Campanian-Maastrichtian stratigraphical succession at this site consists of white and
pale orange soft chalk accumulated under bathyal conditions. They yielded rich foraminiferal
assemblages, which allowed reassessing the biozonation framework originally given by
Caron (1975), therefore providing an improved stratigraphical position for the occurrences of
schackoinid planktic foraminifera. Eight biozones are herein recognized in the CampanianMaastrichtian sediments, and their definition is succinctly presented below from the base
towards the succession top (Table 4).




Hendersonites pacificus Biozone (IZ) includes the lower Campanian sediments in the
lowermost part of the succession, and only its upper part occurs at DSDP Site 305;
biozone upper limit is defined by the LO of H. pacificus. Age: early Campanian.
Globotruncanita insignis Biozone (IZ) is defined as the stratigraphical interval
between the FO of G. insignis and FO of Radotruncana calcarata. Age: late earlymiddle Campanian.
R. calcarata Biozone (TRZ) is defined between the FO and LO of the index species.
Age: late Campanian.
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Table 4. Schackoinid stratigraphical distribution and frequency at DSDP Site 305.
Frequency key: R-rare (< 5 specimens). The local stratigraphical ranges of the
schackoinid species are given on grey background
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Globotruncanella subpetaloidea Biozone (PTRZ) is the stratigraphical interval with
G. subpetaloidea between the LO of R. calcarata and the FO of Globotruncanita
stuarti. Age: late Campanian. The index species is keeled, and therefore cannot be
considered a junior synonym of Globotruncanella petaloidea as considered in the
taxonomical revisions by Pessagno (1967) and Robaszynski et al. (1984).
G. stuarti Biozone (IZ) is the stratigraphical interval between the FO of the G. stuarti
and the FO of Racemiguembelina fructicosa. Age: latest Campanian-early
Maastrichtian.
R. fructicosa Biozone (IZ) is the stratigraphical interval between the FO of R.
fructicosa and FO of Abathomphalus mayaroensis. Age: middle Maastrichtian.
A. mayaroensis Biozone (IZ) is defined between the FO of A. mayaroensis and the
FO of Pseudoguembelina hariaensis. Age: late Maastrichtian.
P. hariaensis Biozone (IZ) includes the stratigraphical interval from the FO of P.
hariaensis and the Maastrichtian/Paleocene boundary. Age: latest Maastrichtian.

Foraminiferal test preservation is very good throughout the stratigraphical succession; the
tests are affected by diagenesis and recrystallized, but the low magnitude of recrystallization
permits accurate observations on the test wall ultrastructure and ornamentation, porosity
characteristics, etc. Schackoinid species are minor component in the planktic foraminiferal
assemblages in all the samples where they occur.

DSDP Leg 41, Site 370 (Deep Basin off Morocco, North Atlantic Ocean)
The succession of claystones, shales, marlstones and argillaceous limestones herein
assigned to the Valanginian (?)-lower Cenomanian stratigraphical interval accumulated for
the most part under reducing conditions; barren intervals are frequent especially in the lower
portion of the succession. Moreover, sedimentation under lysocline resulted in thick intervals
in which agglutinant forams dominate and calcareous ones occur sporadically and frequently
show traces of dissolution. The first biostratigraphical framework was given by Pflaumann
and Krasheninnikov (1977), and it is improved herein to accommodate the new dataset. Two
planktonic foraminiferal biozones are recognized in the upper portion of this section, and
combined they cover the upper Albian-lower Cenomanian stratigraphical interval (Table 5).



Parathalmanninella appenninica Biozone (IZ) is the stratigraphical interval between
the FO of the index species and FO of Thalmanninella globotruncanoides. Age: late
Albian.
T. globotruncanoides Biozone (IZ) is the stratigraphical interval above the FO of the
index species, and only the lower part of this biozone occurs at this site. Age: early
Cenomanian.

Pristine schackoinids occur sporadically in this interval. Most of them are known only as
single specimen occurrences from upper Albian sediments.
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Table 5. Schackoinid stratigraphical distribution and frequency at DSDP Site 370.
Frequency key: R-rare (< 5 specimens); C-common (6-10 specimens). The local
stratigraphical ranges of the schackoinid species are given on light grey background.
The stratigraphical intervals with sedimentation below lysocline are given on dark grey
background
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The upper Barremian-lower Albian interval yielded rare calcareous foraminifera. The
foraminiferal assemblages are dominated by agglutinated species; two of them, Recurvoides
imperfectus and Arenobulimina flandrini are significant from a biostratigraphical point of
view. The R. imperfectus Biozone (TRZ) and A. flandrini Biozone (TRZ) of early-middle
Albian and late Barremian-early Aptian age respectively are recognized; they are separated by
a stratigraphical interval with rare foraminifera. Two levels with planktic foraminifera of
middle Albian and late Aptian age respectively are recognized.
The lowermost part of the succession yielded relatively rich foraminiferal assemblages
dominated by lagenids and agglutinated species; these sediments are provisory assigned to the
Valanginian-lower Barremian stratigraphical interval. A detailed biostratigraphical study,
which is beyond the purpose of this article, is necessary for a precise age assignment of these
sediments.

DSDP Leg 47B, Site 398 (Vigo Seamount, Eastern North Atlantic Ocean)
The middle Albian-lower Cenomanian sediment succession at this site consists of
calcareous mudstone at the base (cores 69 and 68) and marly nannofossil chalk in the upper
part (the interval between cores 67 and 57). First stratigraphical framework was given by
Sigal (1979). A major difficulty in developing a planktic foraminiferal biostratigraphy is the
occurrence of reducing environments in the middle and upper Albian sediments; calcareous
tests (e.g., planktic foraminifers, etc) are frequently dissolved in these environments, and only
the siliceous organic debris are preserved (e.g., radiolarians, diatoms, etc). A first planktic
foraminiferal zonation is herein provided for the middle Albian-lower Cenomanian sediments
at the Site 398; the zonation consists of six biozones, which are defined starting from the base
towards the succession top (Table 6).









Ticinella primula Biozone (IZ) includes the sediments from the lower part of the
section, from the section base to the FO of Ticinella praeticinensis. Age: middle
Albian.
T. praeticinensis Biozone (IZ) is the stratigraphical interval from the FO of the index
species to the FO of Pseudothalmanninella subticinensis. Age: latest middle Albianearliest late Albian.
P. subticinensis Biozone (IZ) is the stratigraphical interval from the FO of P.
subticinensis to the FO of Pseudothalmanninella ticinensis. Age: late Albian.
P. ticinensis Biozone (IZ) is the stratigraphical interval between the FO of the index
species and the FO of P. appenninica. Age: middle late Albian.
P. appenninica Biozone (IZ) is the stratigraphical interval between the FO of P.
appenninica and FO of T. globotruncanoides. Age: latest Albian.
T. globotruncanoides Biozone (IZ) includes the uppermost part of the section, from
the FO of the index species to the section top. Age: early Cenomanian.

Planktic foraminiferal preservation is excellent, most of the tests being in pristine
condition. Schackoinid maximum frequency is above the Albian/Cenomanian boundary.
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Table 6. Schackoinid stratigraphical distribution and frequency at DSDP Site 398.
Frequency key: R-rare (< 5 specimens); F-frequent (11-25 specimens). The local
stratigraphical ranges of the schackoinid species are given on light grey background.
The stratigraphical interval where the micropaleontological assemblages consist only of
radiolarians are given on dark grey background
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Table 7. Schackoinid stratigraphical distribution and frequency at DSDP Site 463.
Frequency key: R-rare (< 5 specimens); C-common (6-10 specimens). The local
stratigraphical ranges of the schackoinid species are given on light grey background
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Table 8. Schackoinid stratigraphical distribution and frequency at DSDP Site 511.
Frequency key: R-rare (< 5 specimens); C-common (6-10 specimens). The local
stratigraphical ranges of the schackoinid species are given on light grey background
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DSDP Leg 62, Site 463 (Mid-Pacific Mountains, Central Pacific Ocean)
The upper Albian-lower Maastrichtian sediments at this site are dominated by
nannofossil chalks. The biostratigraphy at this site was studied at various stratigraphical
intervals by Boersma (1981), Ando et al. (2009), Georgescu and Huber (2009) and Georgescu
(2010, 2011a); the biostratigraphical framework is redone herein. A succession of twelve
planktic foraminiferal biozones, which are defined from the base towards the top, is
recognized (Table 7).
















Biticinella breggiensis Biozone (TRZ) is the stratigraphical interval between the FO
and LO of B. breggiensis; only the upper part of this biozone occurs at Site 463. Age:
late Albian.
P. appenninica Biozone (IZ) is the stratigraphical interval between the FO of P.
appenninica and the FO of T. globotruncanoides. Age: latest Albian.
T. globotruncanoides Biozone (IZ) is the stratigraphical interval between the FO of
the index species and the unconformity at the upper part of the lower Cenomanian;
therefore, only the lower part of this biozone occurs at this site. Age: early
Cenomanian.
Helvetoglobotruncana helvetica Biozone (TRZ) is the stratigraphical interval
between the FO and LO of H. helvetica. There is an unconformity separating the T.
globotruncanoides Biozone and H. helvetica Biozone, which spans the middle
Cenomanian-earliest Turonian time interval. Age: early Turonian.
M. schneegansi Biozone (PTRZ) is the stratigraphical interval with M. schneegansi
between the LO of H. helvetica and FO of D. concavata. Age: late Turonian.
D. concavata Biozone (IZ) is the stratigraphical interval between the FO of the index
species and FO of Dicarinella asymetrica. Age: latest Turonian-early Santonian.
D. asymetrica Biozone (TRZ) is the stratigraphical interval between the FO and LO
of D. asymetrica. Age: late Santonian.
H. pacificus Biozone (IZ) is the stratigraphical interval between the LO of D.
asymetrica and LO of H. pacificus. Age: early Campanian.
G. insignis Biozone (IZ) is the stratigraphical interval between the FO of the index
species and FO of R. calcarata. Age: late early-middle Campanian.
R. calcarata Biozone (TRZ) is the stratigraphical interval between the FO and LO of
the index species. Age: late Campanian.
G. subpetaloidea Biozone (PTRZ) is the stratigraphical interval between the LO of R.
calcarata and FO of Gansserina gansseri. Age: late Campanian.
G. gansseri Biozone (IZ) is the stratigraphical interval between the FO of G. gansseri
and the top of the Cretaceous section; only the lower part of this biozone occurs at
Site 463. Age: latest Campanian-early Maastrichtian.

The schackoinid specimens are relatively very well preserved. However, they are affected
by low magnitude recrystallization.
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Table 9. Schackoinid stratigraphical distribution and frequency at ODP Site 762C.
Frequency key: R-rare (< 5 specimens); C-common (6-10 specimens). The local
stratigraphical ranges of the schackoinid species are given on light grey background
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Table 10. Schackoinid stratigraphical distribution and frequency at ODP Site 1050C.
Frequency key: R-rare (< 5 specimens); C-common (6-10 specimens); F-frequent (11-25
specimens). The local stratigraphical ranges of the schackoinid species are given on light
grey background
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DSDP Leg 71, Site 511 (Falkland Plateau, South Atlantic Ocean)
Pristine planktic foraminiferal tests occur throughout the zeolitic claystones of upper
Turonian-Campanian age. The biostratigraphical framework used in this study is that given
by Huber (1992) and Huber et al. (1995). Five planktic foraminiferal biozones are recognized,
and they are briefly presented from the succession base upwards (Table 8).








Whiteinella baltica Biozone (PRTZ) is the stratigraphical interval with W. baltica
from the last occurrence of Praeglobotruncana stephani to the first occurrence of
Archaeoglobigerina cretacea. Only the upper part of this biozone was studied at this
site. Age: late Turonian.
Marginotruncana marginata Biozone (IZ) is the stratigraphical interval between the
FO of A. cretacea and LO of M. marginata. Age: late Coniacian-early Campanian.
A. cretacea Biozone (PTRZ) is the stratigraphical interval with A. cretacea between
the LO of M. marginata and FO of Globigerinelloides impensus. Age: middle
Campanian.
G. impensus Biozone (TRZ) is the stratigraphical interval between the FO and LO of
the index species. Age: late Campanian.
G. havanensis Biozone (IZ) is the stratigraphical interval between the FO of G.
havanensis and the section top; only the lower part of this biozone occurs at Site 511.
Age: late Campanian.

The planktic foraminiferal assemblages in the Upper Cretaceous sediments at Site 511 are
in excellent state of preservation. Specimens that lack the test wall recrystallization are
frequent.

ODP Leg 122, Hole 762C (Exmouth Plateau, Eastern Indian Ocean)
The upper Cenomanian-middle Campanian sediments at Hole 762C consist of
nannofossil chalks. Although the planktic foraminiferal biostratigraphy was studied by
Wonders (1992) and Petrizzo (2000), a new biostratigraphical framework is herein developed.
Nine planktic foraminiferal biozones are recognized and they are presented from the
succession base towards the top (Table 9).






Rotalipora cushmani Biozone (TRZ) is the stratigraphical interval between the
succession base to the FO of Whiteinella archaeocretacea; only the upper part of this
biozone occurs in Hole 762C. Age: late Cenomanian.
W. archaeocretacea Biozone (IZ) is the stratigraphical interval between the FO of
the index species and FO of H. helvetica. Age: earliest Turonian.
H. helvetica Biozone (TRZ) is the stratigraphical interval between the FO and LO of
the index species. Age: early-middle Turonian.
Hedbergella hoelzli Biozone is the stratigraphical interval between the FO of H.
hoelzli and FO of Falsotruncana maslakovae. Age: late Turonian.
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F. maslakovae Biozone is the stratigraphical interval between the FO of F.
maslakovae and FO of Globotruncanita vescicarinata. Age: latest Turonian.
G. vescicarinata Biozone is the stratigraphical interval between the FO of the index
species and FO of D. asymetrica. Age: Coniacian-early Santonian.
D. asymetrica Biozone is the stratigraphical interval between the FO and LO of the
index species. Age: late Santonian.
Globotruncanita elevata Biozone equivalent is the stratigraphical interval between
the LO of D. asymetrica and FO of Globotruncana ventricosa; G. elevata was not
recognized in the studied samples. Age: early Campanian.
G. ventricosa Biozone is the stratigraphical interval between the FO of G. ventricosa
and the section top; only the biozone lower part is included in this study. Age: middle
Campanian.

The schackoinid tests are very well-preserved in general, affected by low magnitude
recrystallization that allows accurate observations on the test ultrastructure, ornamentation
and porosity.

ODP Leg 171B, Hole 1050C (Blake Plateau, Western North Atlantic Ocean)
The schackoinid planktic foraminifers occur in upper Albian-middle Cenomanian
sediments. Nannofossil claystones and nannofossil chalks are the dominant lithological types
in the upper Albian and lower-middle Cenomanian respectively. The biostratigraphical
framework for these sediments used in this study was provided by Huber et al. (1999), Bellier
and Moullade (2002) and Petrizzo and Huber (2006). Four planktic foraminiferal biozones are
recognized, and they are briefly presented below, from the succession’s base upwards (Table
10).





P. ticinensis Biozone (IZ) is defined from the succession base to the FO of P.
appenninica. Age: middle late Albian.
P. appenninica Biozone (IZ) comprises the stratigraphical interval between the FO of
P. appenninica and FO of T. globotruncanoides. Age: latest Albian.
T. globotruncanoides Biozone (IZ) is the stratigraphical interval between the FO of
T. globotruncanoides and FO of Thalmanninella. reicheli. Age: early Cenomanian.
T. reicheli Biozone (IZ) is the stratigraphical interval between the FO of the index
species and FO of R. cushmani. Age: middle Cenomanian.

Test preservation is excellent in the upper Albian nannofossil claystone, where pristine
tests are frequent. Preservation is very good in the lower-middle Cenomanian nannofossil
chalk: accurate observations on the test wall ultrastructure, ornamentation and porosity
characteristics can be made despite the low magnitude recrystallization.
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SYSTEMATIC CLASSIFICATION
Higher classification units are after Loeblich and Tappan (1988). Evolutionary
classification units are after Georgescu (2009, 2010, 2012).
Order FORAMINIFERIDA Eichwald, 1830
Suborder GLOBIGERININA Delage and Hérouard, 1896
Superfamily ROTALIPORACEA Sigal, 1958
Family SCHACKOINIDAE Pokorný, 1958
Remarks. Family Schackoinidae is herein reassigned to superfamily Rotaliporacea based
on the early low trochospiral stage, which occurs at least in the groups oldest representatives
and is herein removed from superfamily Planomalinacea Bolli et al., 1957.
Genus/Directional Lineage Groshenyia – n. gen./new directional lineage
Type species.- Schackoina pentagonalis Reichel, 1948, by original designation.
Species included. Initiating species (IS): Groshenyia groshenyae – new species and first
descendant species (FDS): G. pentagonalis (Reichel, 1948).
Diagnosis. Smooth late Albian schackoinids, which exhibit a transition from very low
trochospiral tests with petaloid or clavate chambers and extraumbilical-peripheral aperture to
tests with adult planispiral coiling, radially elongate chambers bearing one distal bulbous
projection and equatorial aperture.
Description. Test is very low trochospiral in G. groshenyae and with adult planispirally
coiled stage in G. pentagonalis. Earlier chambers are globular or subglobular, those in the
adult stage tangentially elongate, petaloid, more rarely clavate in G. groshenyae and radially
elongate, bearing one distal bulbous projection in G. pentagonalis. Sutures are distinct,
depressed and radial on both test sides. Test slightly asymmetrical in edge view in G.
groshenyae and symmetrical in G. pentagonalis. Aperture exhibits a gradual transition from a
low arch in extraumbilical-peripheral position in the G. groshenyae to a low to medium high
arch in equatorial position in G. pentagonalis; it is bordered by a delicate imperforate lip,
which is rarely preserved; relict periapertural structures occasionally occur in the umbilical
region. Chamber surface is smooth. Test wall is calcitic, hyaline, simple and perforate; pores
are circular to subcircular.
Remarks. Groshenyia differs from Leupoldina of the late Barremian-Aptian by having
elongate chambers of G. pentagonalis with one distal bulbous projection without the tendency
to bifurcate and test wall with larger pores. Tests with elongate chambers bearing distal
bulbous projections of late Aptian-early late Albian are not known, thereby leading to the
conclusion that the two resulted through iterative evolution. Lilliputianella Banner and Desai,
1988 and Lilliputianelloides BouDagher-Fadel, Banner and Whittaker, 1997 of the Aptian
present radially elongate chambers, which can be either petaloid or pointed, but do not
develop distal bulbous projections as Groshenyia.
Derivation. The genus name honours Dr D. Grosheny (Université de Strasbourg) as
appreciation for her outstanding contributions in foraminiferal studies.
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Stratigraphical range. Upper Albian; from the P. ticinensis Biozone to the lower part of
P. appenninica Biozone).
Geographic distribution. Western Tethys (Switzerland, Italy), North Atlantic Ocean
(Blake Plateau, Mazagan Plateau, Bermuda Rise, offshore Spanish Sahara and Vigo
Seamount) and Caribbean region (Trinidad, Puerto Rico Trench).
IS Groshenyia groshenyae – new species
Figures 6.1-6.9
1980 Clavihedbergella simplex (Morrow); Miles and Orr, pl. 4, figures 8-10.
2003 Praehedbergella sp.; Bellier et al., pl. 3, figures 13-14.
Holotype. Specimen WKB 010110.
Holotype dimensions. Maximum diameter: Dmax=0.159 mm; minimum diameter:
Dmin=0.134 mm; Dmin/Dmax=0.842; thickness: t=0.057 mm; t/Dmax=0.358; umbilical diameter:
UD=0.057 mm; UD/Dmax=0.358.
Paratypes. Five specimens, WKB 010111-010115.
Dimensions. Dmax=0.130-0.181 mm; Dmin=0.112-0.144 mm; Dmin/Dmax=0.791-0.861;
t=0.052-0.065 mm; t/Dmax=0.332-0.392; UD=0.038-0.057 mm; UD/Dmax=0.209-0.358. The
ranges are based on the average measurements of six specimens (holotype and paratypes).
Material. 16 Specimens
Type locality. Western North Atlantic Ocean (Blake Plateau), ODP Hole 1050C;
geographical coordinates: 30o 05’ N, 76o 14’ W.
Type level. Upper Albian, Sample 171B-1050C-28-4, 80-83 cm (P. ticinensis Biozone).
Derivation. As for the genus.
Diagnosis. Groshenyia with very low trochospiral coil and petaloid to, more rarely
clavate last-formed chambers.
Description. Test is very low trochospiral with the distinct tendency to become
planispiral in the adult stage, unequally biumbilicate, and consisting of 7-8 chambers arranged
in 1.5-2 whorls; there are 4-4.5 (commonly 4.5) chambers in the final whorl. Earlier chambers
are globular, with low chamber size increase; chambers of the last whorl are tangentially
elongate, petaloid, more rarely clavate, often backward oriented, and with higher size increase
rate. Sutures are distinct, depressed and radial on both sides of the test; sutures between the
chambers of the last whorl are deeply incised, resulting in a strongly lobate outline. Test is
slightly asymmetrical in edge view due to the very low trochospire and the tendency to
develop planispirally coiled tests. Aperture is a low arch, extraumbilical-peripheral in position
and bordered by an imperforate lip; relict periapertural structures can be occasionally
observed in the umbilical region. Umbilici are shallow and wide, with a diameter of circa one
half of the maximum test diameter. Chamber surface is smooth. Test wall is calcitic, hyaline,
simple and perforate; pores are simple, circular or subcircular, and with a diameter of 0.9-1.3
µm.
Remarks. Groshenyia groshenyae differs from all the species of the genus Leupoldina
mainly by lacking last-formed chamber distal bulbous projections. It differs from
Clavihedbergella subcretacea (Tappan, 1943) by having petaloid to, more rarely clavate
rather than subcylindrical last formed chambers, lower trochospire resulting in an unequally
biumbilicate test, simple periphery rather than with a peripheral band of low pore density and
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smaller pore size and (iv) smaller pores with a diameter of 0.9-1.3 µm rather than 1.5-3.2 µm.
It differs from Pseudoclavihedbergella simplicissima (Magné and Sigal in Cheylan et al.,
1954) mainly by having very low trochospire resulting in an unequally biumbilicate test
rather than being mono-umbilicate, main aperture shifted more towards the periphery, smooth
chamber surface rather than ornamented with dome-like pustules and smaller pores (0.9-1.3
µm rather than 0.9-2.2 µm in diameter). It differs from P. amabilis (Loeblich and Tappan,
1961) mainly by having simple test wall rather than incipiently reticulate and smaller pores,
with a diameter of 0.9-1.3 µm rather than 1.8-5.0 µm. The gross test architecture of G.
groshenyae resembles that of the Aptian “Globigerinelloides” sigali Longoria, 1974, but the
porosity is different, with larger pores in the former; apparently the two species evolved
iteratively, and there is a gap comprising the late Aptian-early late Albian time interval
between the LO of “G.” sigali and FO of G. groshenyae.
Stratigraphical range. Upper Albian; from the P. ticinensis Biozone to the P. appenninica
Biozone).
Geographic distribution. Western North Atlantic Ocean (Blake Plateau).

Figure 5. Geographical locations of the DSDP/ODP sites/holes (red circles) and spot sample sets (red
triangles) used in this study. Base map after Hay et al. (1999), with modifications.

FDS Groshenyia pentagonalis (Reichel, 1948)
Figures 6.10-6.18, 7.1-7.12
1948 Schackoina pentagonalis; Reichel, p. 395, figures 1, 6: 1, 7: 1.
1948 Schackoina pentagonalis var. aperta; Reichel, p. 397, figures 2, 6: 2.
1952 Hastigerinoides rohri; Brönnimann, p. 55, pl. 1, figures 8-9, text-figure 29: a-f.
1959 Schackoina gandolfii Reichel; Bolli, p. 263, pl. 20, figures 13, 17-18.
1960 Schackoina cenomana (Schacko) pentagonalis Reichel; Masella, p. 26, pl. 4, figures
5, 9-14, pl. 5, figures 1-5.
1962 Clavihedbergella pentagonalis (Reichel); Luterbacher and Premoli Silva, pl. 22,
figure A: 1-4.
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Figure 6. Specimens of Groshenyia groshenyae new genus/directional lineage and new
species/initiating species and G. pentagonalis (Reichel, 1948) from the western North Atlantic Ocean
(Blake Plateau). 1-2 Paratype of G. groshenyae, Sample 171B-1050C-27-4, 134-136 cm (late Albian,
P. appenninica Biozone). 3-4 Paratype of G. groshenyae, Sample 171B-1050C-29-6, 62-65 cm (late
Albian, P. ticinensis Biozone). 5 Paratype of G. groshenyae, Sample 171B-1050C-28-3, 62-65 cm (late
Albian, P. ticinensis Biozone). 6-9 Holotype of G. groshenyae, Sample 171B-1050C-28-4, 80-83 cm
(late Albian, P. ticinensis Biozone). 10-11 Hypotype of G. pentagonalis, Sample 171B-1050C-28-6,
66-69 cm (late Albian, P. ticinensis Biozone). 12-13 Hypotype of G. pentagonalis, Sample 171B1050C-31-core catcher (late Albian, P. ticinensis Biozone). 14-16 Hypotype of G. pentagonalis,
Sample 171B-1050C-31-core catcher (late Albian, P. ticinensis Biozone). 17-18 Hypotype of G.
pentagonalis, Sample 171B-1050C-30-3, 72-75 cm (late Albian, P. ticinensis Biozone).
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1964 Schackoina pustulans Bolli; Todd and Low, p. 407, pl. 1, figure 7.
1965 Schackoina sp.; Neagu, p. 36, pl. 10, figure 5.
1966 Schackoina cenomana pentagonalis Reichel; Barbieri, figure 2: 12.
1977 Leupoldina pentagonalis (Reichel); Masters, p. 425, pl. 14, figures 2-3.
1977 Clavihedbergella moremani (Cushman); Pflaumann and Krasheninnikov, p. 547, pl.
7, figures 2-3.
1979 Schackoina pentagonalis Reichel; Sigal, pl. 5, figure 4.
1980 Clavihedbergella moremani (Cushman); Miles and Orr, pl. 4, figures 6-7.
1984 Clavihedbergella moremani (Cushman); Leckie, p. 599, pl. 8, figures 11-12.
2003 Schackoina leckiei; Bellier et al., p. 137, pl. 1, figures 1-2, 10-13, pl. 2, figures 112.
2005 Schackoina primitiva Tappan; Neagu, p. 316, pl. 1, figure 31.

Material. 65 Specimens.
Diagnosis. Groshenyia with planispiral adult stage, equatorial main aperture, and lastformed chambers with distal bulbous projection.
Description. Test is evolute-involute, very low trochospiral in the early stage and
planispirally coiled in the adult. It consists of 8-10 chambers arranged in 1.5-2 whorls; there
are 4-5.5 (commonly 4.5-5) chambers in the final whorl. Early chambers are globular, with
low chamber size increase. Chambers in the adult stage are often backward oriented and with
variable shape: petaloid, more rarely clavate, and up to four of the last-formed ones are
radially elongate, bearing one distal bulbous projection; elongation axis is tangential to the
previous whorl or intersects it at an angle of 65-80o. Chambers in the last whorl have higher
size increase rate, when compared to the earlier ones. Sutures are distinct, depressed and
radial on both test sides. Test is symmetrical in edge view. Aperture is a low to medium high
arch in equatorial position and is bordered by a delicate imperforate lip, which is rarely
preserved; relict periapertural structures can occasionally occur in the umbilical region.
Umbilici are shallow and wide, with a diameter of circa one half of the maximum test
diameter at the level of the last-formed clavate chamber. Chamber surface is smooth. Test
wall is calcitic, hyaline, simple and perforate; pore simple, circular or subcircular, and with a
diameter of 0.5-1.6 µm.
Remarks. Chamber distal bulbous projections are absent in the original material
illustrated by Reichel (1948) but, even in the absence of this important taxonomical feature
the species can be readily identified by the evolute-involute tests and elongate chamber
backward orientation. However, Luterbacher and Premoli Silva (1962) illustrated for the first
time the distal bulbous projections in E. pentagonalis, assigning it to the genus
Clavihedbergella Banner and Blow, 1959; this taxonomical solution was followed by Miles
and Orr (1980) and Leckie (1984). Georgescu (2009) reviewed Clavihedbergella and showed
that the type species C. subcretacea (Tappan, 1943) has subcylindrical elongate chambers
rather than with distal bulbous projection and much larger pores (1.5-3.2 µm), more than
twice the pore size in G. pentagonalis (0.5-1.6 µm); in addition, C. subcretacea lacks the
general schackoinid test appearance and therefore cannot be considered congeneric with G.
pentagonalis. Bellier et al. (2003) selected the specimen illustrated by Leckie (1984, pl. 8,
Figures 11-12) as holotype for their new species Schackoina leckiei; this specimen clearly
belongs to G. pentagonalis, and therefore S. leckiei is the latter species junior synonym.
Groshenyia pentagonalis differs from G. groshenyae by having evolute-involute tests, adult
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planispiral stage rather than being completely trochospiral, last-formed chambers with distal
bulbous projection rather than petaloid or, more rarely, clavate and larger pores, with a
diameter of 0.5-1.6 µm rather than 0.9-1.3 µm; the similarities between the early stage of G.
pentagonalis and the tests of G. groshenyae, and test ultrastructure indicate that G.
pentagonalis evolved from G. groshenyae. Leupoldina pustulans (Bolli, 1957) of the Aptian
differs from G. pentagonalis by having smaller, submicronic pores and occasionally bifurcate
chamber extensions bearing distal bulbous projections; apparently the two species are
homeomorphs that resulted through iterative evolution and therefore are not congeneric.
Pessagnoina moremani (Cushman, 1931) of the late Cenomanian was reviewed by Georgescu
(2009); it cannot be confused with E. pentagonalis for it has (i) trochospiral tests rather than
with adult planispiral stage, (ii) umbilical-peripheral aperture rather than equatorial in the
adult stage and (iii) larger pores (2.7-4.1 µm rather than 0.5-1.6 µm).
Stratigraphical range. Upper Albian (from the P. ticinensis Biozone to P. appenninica
Biozone).
Geographic distribution. Europe (Switzerland, Italy), North Atlantic Ocean (Blake
Plateau, Mazagan Plateau, Bermuda Rise, offshore Spanish Sahara and Vigo Seamount) and
Caribbean region (Trinidad, Puerto Rico Trench).
Genus/Directional Lineage Asymetria – n. gen./new directional lineage
Type species.- Asymetria asymetrica – new species.
Species included. IS or FDS: Asymetria asymetrica – new.
Diagnosis. Schackoinid planktic foraminifera with low trochospiral test, last-formed
chambers with one distal bulbous projection, and asymmetrically developed ornamentation:
smooth on the spiral side and pustulose on the umbilical one.
Description. Test is low trochospiral; earlier chambers are globular, then reniform; the
last-formed one to three is radially elongate and bears one distal bulbous projection. Sutures
are distinct, depressed, and straight to slightly curved on both test sides. Test is convexconcave, slightly asymmetrical in edge view. Aperture is a medium high arch, extraumbilicalperipheral in position and bordered by a wide, tunnel-shaped lip; relict periapertural structures
occur in the umbilical region. Chamber surface exhibits asymmetrically developed
ornamentation; pustulose ornamentation is developed only on the umbilical side, whereas the
spiral side is smooth. Test wall is calcitic, hyaline, simple and perforate; pores are simple, and
with circular outline.
Remarks. Asymetria differs from any other Cretaceous planktic foraminifer by the
asymmetrically developed ornamentation, which is pustulose on the umbilical side, and
smooth on the spiral side.
Derivation. The name invokes the asymmetrical ornamentation.
Stratigraphical range. Upper Albian-lowermost Cenomanian (from the P. ticinensis
Biozone to the lowermost part of the T. globotruncanoides Biozone). An uncertain occurrence
in the early late Albian P. subticinensis Biozone at DSDP Site 398 is based on one poorly
preserved specimen.
Geographic distribution. North Atlantic Ocean (Blake Plateau, Bermuda Rise and Vigo
Seamount).
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Figure 7. Specimens of Groshenyia pentagonalis (Reichel, 1948), Asymetria? sp. and A. asymetrica
new genus/undifferentiated lineage and new species/undifferentiated species from the western North
Atlantic Ocean (Blake Plateau). 1-3 Hypotype of G. pentagonalis, Sample 171B-1050C-27-1, 125-127
cm (late Albian, P. appenninica Biozone). 4-6 Hypotype of G. pentagonalis, Sample 171B-1050C-286, 66-69 cm (late Albian, P. ticinensis Biozone). 7-10 Hypotype of G. pentagonalis, Sample 171B1050C-31-1, 81-85 cm (late Albian, P. ticinensis Biozone). 11 Hypotype of G. pentagonalis, Sample
171B-1050C-28-1, 70-73 cm (late Albian, P. appenninica Biozone). 12-13 Hypotype of G.
pentagonalis, Sample 171B-1050C-28-1, 70-73 cm (late Albian, P. appenninica Biozone). 14-16
Hypotype of A.? sp., Sample 171B-1049B-12-3 (early Albian, M. rischi Biozone). 17-20 Paratype of A.
asymetrica, Sample 171B-1050C-30-3, 72-75 cm (late Albian, P. ticinensis Biozone). 21-23 Paratype
of A. asymetrica, Sample 171B-1050C-31-1, 81-85 cm (late Albian, P. ticinensis Biozone).
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IS or FDS Asymetria asymetrica – new species
Figures 7.17-7.23, 8.1-8.17
1979 Schackoina cf. cenomana (Schacko); Sigal, pl. 4, figure 18.
1980 Clavihedbergella moremani (Cushman); Miles and Orr, pl. 4, figures 4-5.
2002 Schackoina sp. 2; Moullade et al., p. 135, figure 6: A-C.
2003 Schackoina leckiei; Bellier et al., p. 137, pl. 1, figures 3-9, pl. 3, figures 1-10.
2006 Schackoina leckiei Bellier, Moullade and Tronchetti; Petrizzo and Huber, pl. 1,
figure 3.
Holotype. Specimen WKB 010116.
Holotype dimensions. Dmax=0.164 mm; Dmin=0.146 mm; Dmin/Dmax=0.890; t=0.074 mm;
t/Dmax=0.451; UD=0.046 mm; UD/Dmax=0.280.
Paratypes. Five specimens, WKB 010117-010121.
Dimensions. Dmax=0.135-0.164 mm; Dmin=0.096-0.146 mm; Dmin/Dmax=0.671-0.890;
t=0.043-0.074 mm; t/Dmax=0.294-0.451; UD=0.040-0.051 mm; UD/Dmax=0.280-0.328. The
ranges are based on the average measurements of ten specimens (holotype, paratypes and
topotypes).
Material. 95 Specimens.
Type locality. Western North Atlantic Ocean (Blake Plateau), ODP Hole 1050C;
geographical coordinates: 30o 05’ N, 76o 14’ W.
Type level. Upper Albian, Sample 171B-1050C-27-1, 125-127 cm (P. appenninica
Biozone).
Derivation. As for the genus.
Description. Test is low trochospiral and consists of 8-10 chambers arranged in 2-2.5
whorls; there are 4-5 (commonly 4-4.5) chambers in the final whorl. Earlier chambers are
globular, then reniform in shape, gradually increasing in size. Chambers of the last whorl are
radially elongate, with the elongation axis perpendicular or at a high angle to the previous
whorl; up to three of the last formed ones bear one distal bulbous projection, which is rarely
preserved. Sutures are distinct, depressed, straight to slightly curved, and radial on both test
sides. Test shape is convex-concave, slightly asymmetrical in edge view. Aperture is a
medium high arch extraumbilical-peripheral in position, and bordered by a wide tunnelshaped lip; relict periapertural structures occur in the umbilical region. Umbilici are shallow
and medium-sized, with a diameter of circa one third to one half of the maximum test
diameter at the level of the first radially elongate chamber. Chamber ornamentation is
asymmetrical: spiral side smooth and umbilical side ornamented with small pustules (0.6-1.1
µm diameter), which are concentrated around the umbilicus; pustules occur also on the distal
bulbous projections. Test wall is calcitic, hyaline, simple, and perforate; pores are simple,
circular, and with a diameter of 0.4-1.0 µm.
Remarks. Asymetria asymetrica differs from any other Cretaceous planktic foraminiferal
species by the asymmetrically developed ornamentation, which is completely absent on the
spiral side and pustulose on the umbilical one. Pustule occurrence on the distal bulbous
projections is unique among the leupoldinid and schackoinid foraminifera, which further ads
to this species uniqueness. The origins of A. asymetrica are unknown. Its early stage exhibits
similarities with the late Aptian-early Albian Microhedbergella miniglobularis Huber and
Leckie, 2011 and M. renilaevis Huber and Leckie, 2011; however, these two species are
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smooth and there is a time gap spanning the latest early Albian-early late Albian between
their last occurrence and the first occurrence of A. asymetrica. Therefore, a direct ancestordescendant relationship cannot be demonstrated at this time, but specimens resembling the M.
miniglobularis-M. renilaevis group, and with petaloid last-formed chambers are known in the
lower Albian (M. rischi Biozone) sediments of the Blake Plateau (Figure 7.14-16); these rare
specimens herein assigned to A.? sp. document the beginnings of the chamber elongation in
this group, and may indicate the Asymetria lineage initiation, which would eventually lead to
the evolution of A. asymetrica in the late Albian. Additional material is necessary to confirm
or reject this presumed phylogenetic relationship.
Stratigraphical range. Upper Albian-lowermost Cenomanian (from the P. ticinensis
Biozone to the lowermost part of the T. globotruncanoides Biozone).
Geographic distribution. North Atlantic Ocean (Blake Plateau, Bermuda Rise and Vigo
Seamount).
Genus/Directional Lineage Schackoina Thalmann, 1932 – emended
Type species.- Siderolina cenomana Schacko, 1897, by original designation.
1932 Hantkenina (Schackoina); Thalmann, p. 288.
1933 Schackoina Thalmann; Cushman, p. 267.
1959 Schackoina (Schackoina) Thalmann; Banner and Blow, p. 9.
1964 Schackoina Thalmann; Loeblich and Tappan, p. C658.
1971 Schackoina Thalmann; Subbotina, p. 138.
1977 Schackoina Thalmann; Masters, p. 426.
1979 Schackoina Thalmann; Neagu, p. 310.
1985 Schackoina Thalmann; Caron, p. 25 (partly).
1988 Schackoina Thalmann; Loeblich and Tappan, p. 461.
2002 Schackoina Thalmann; Korchagin, p. 28.
Species included. IS: Schackoina trituberculata (Morrow, 1934), FDS: S. cenomana
(Schacko, 1897), second descendant species (SDS): S. bicornis Reichel, 1948 and third
descendant species (TDS): S. multispinata (Cushman and Wickenden, 1930).
Emended diagnosis. Schackoinid planktic foraminifera with early trochospiral coil and
planispiral adult stage, last-formed chambers with tubulospines, and pustulose ornamentation
symmetrically developed on both test sides.
Emended description. Test is very low trochospiral in the early stage and planispirally
coiled in the adult stage. Earlier chambers are globular or subglobular, those of the adult stage
are flask-like, radially elongate, and terminate with one tubulospine; the early chambers of the
final whorl of the S. trituberculata lack tubulospines, which occur in S. cenomana, S. bicornis
and S. multispinata developed on all the chambers of the final whorl; there are
monotubulospines over the last-formed chambers of S. trituberculata and on all the chambers
of the final whorl of S. cenomana, α-bitubulospines on the last-formed chambers of the S.
bicornis and tritubulospines on the last-formed chambers of S. multispinata. Sutures are
distinct, depressed, straight and radial on both test sides. Test is symmetrical in edge view.
Aperture is an arch in peripheral position, and bordered by an imperforate lip; relict
periapertural structures occasionally occur in the umbilical region. Chamber surface is
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symmetrically ornamented with scattered dome-like pustules on both test sides; pustules are
concentrated around the umbilici. Test wall is calcitic, hyaline, simple and perforate; pores
are simple and circular.
Remarks. Schackoina is emended to accommodate a directional lineage of four species,
which consistently present flask-like chambers in the adult stage. The most obvious
evolutionary trend in the Schackoina directional lineage is the gradual increase of the
tubulospine number in the last-formed one or two chambers. Schackoina differs from
Leupoldina, Groshenyia and Asymetria mainly by having symmetrically developed
ornamentation and chamber termination(s) consisting of tubulospines rather than having distal
bulbous projections.
Stratigraphical range. Upper Albian-Maastrichtian (from the upper part of the P.
ticinensis Biozone to the P. hariaensis Biozone).
Geographic distribution. Cosmopolitan.
IS Schackoina trituberculata (Morrow, 1934) – emended
Figures 8.18-8.21, 9.4-9.15
1934 Hantkenina trituberculata; Morrow, p. 195, pl. 29, figures 26-27.
1946 Schackoina trituberculata (Morrow); Cushman, p. 148, pl. 61, figures 13-14.
1954 Schackoina cf. trituberculata (Morrow); Montanaro Gallitelli, pl. 1, upper five
figures.
1966 Schackoina cenomana cenomana (Schacko); Neagu, pl. 1, figures 9-17.
1970 Schackoina cenomana cenomana (Schacko); Neagu, p. 63, pl. 14, figures 15-23.
1964 Schackoina cenomana tappanae Montanaro Gallitelli; Boccaletti and Pirini, p. 57,
pl. 1, Figures 19-20, p. 2, figures 1-7, text-figure e.
1966 Schackoina cf. cenomana tappanae Montanaro Gallitelli; Barbieri, figure 2: 7-11.
1974 Schackoina cenomana (Schacko); Herb, p. 751, pl. 1, figure 6.
1975 Schackoina cenomana (Schacko); Playford et al., p. 338, figure 2: 2-3.
1977 Schackoina tappanae Montanaro Gallitelli; Masters, p. 437, pl. 17, figure 5.
1978 Schackoina pentagonalis aperta Reichel; Caron, p. 658, pl. 8, figure 7.
1979 Schackoina cenomana (Schacko); Sigal, pl. 5, figures 2, 5.
1980 Schackoina cenomana (Schacko); Miles and Orr, p. 798, pl. 1, figures 10-11.
1984 Schackoina cenomana (Schacko); Premoli Silva and McNulty, pl. 2, figures 8, 12.
1990 Schackoina hermi Weidich, p. 164, pl. 57, figures 13-27.
1997 Schackoina cenomana (Schacko); BouDagher-Fadel et al., p. 184, pl. 10.7, figures
4-5.
2003 Schackoina cenomana (Schacko); Bellier et al., pl. 3, figures 11-12.
2006 Schackoina cenomana (Schacko); Coccioni et al., pl. 1, figure 12.
Material. 110 Specimens.
Diagnosis. Schackoina with monotubulospines only on the last-formed chambers of the
final whorl.
Description. Test is very low trochospiral in the early stage and planispiral, evoluteinvolute and biumbilicate in the adult, consisting of 6 to 7 chambers arranged in 1.5-2 whorls;
there are 3.5-4 (commonly 4) chambers in the final whorl. Earlier chambers are globular, with
low size increase. Up to three of the last-formed chambers are flask-like, radially elongate and
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with monotubulospines, which have the long axis perpendicular to the previous whorl.
Sutures are distinct, straight and radial on both test sides. Test is symmetrical in edge view.
Aperture is a low to medium high arch in peripheral position, and bordered by an imperforate
lip; no relict periapertural structures occur in the umbilical region. Umbilici are shallow and
medium-sized, its diameter being of one fourth to one half of the maximum test diameter at
the tubulospine base level. Chamber surface is symmetrically ornamented on the two test
sides with dome-like or irregular pustules (3.0-5.9 µm maximum dimensions), concentrated
around the umbilicus and very rare or absent towards the chamber periphery; the ornamented
zones are symmetrically developed on both test sides. Test wall is simple, calcitic, hyaline
and perforate; pores are simple, with circular outline, and a diameter of 0.2-0.5 µm.
Remarks. Schackoina trituberculata differs from G. pentagonalis and A. asymetrica
mainly by having the radially elongate chambers with monotubulospine rather than strongly
elongate and with one distal bulbous projection. This is the oldest Schackoina species and the
globular chambers in the earlier portion of the final whorl apparently indicates a hedbergellid
ancestry; this is also supported by the earlier trochospiral stage that occurs in all the species of
the Schackoina directional lineage. A hedbergellid species, herein assigned to
Praehedbergella sp. based on its smooth surface (Gorbachik and Moullade, 1973; Moullade
et al., 2002), and recorded in the P. ticinensis Biozone in ODP Hole 1050C (Figure 9.1-3),
can be considered transitional between the hedbergellid and schackoinid groups and possibly
the ancestor of Schackoina; the very low trochospire and small number of chambers (7 to 8)
are features that also occur in S. trituberculata; additional material is necessary to clarify the
taxonomic status of P. sp.
Stratigraphical range. Upper Albian-Cenomanian (from the P. ticinensis Biozone to the
R. cushmani Biozone).
Geographic distribution. Cosmopolitan.
FDS Schackoina cenomana (Schacko, 1897)
Figures 9.16-9.18, 10.1-10.7
1897 Siderolina cenomana; Schacko, 1897, p. 166, pl., 4, figures 3-5.
1902 Siderolina cenomana Schacko; Egger, p. 174, pl. 21, figure 42.
1928 Siderolina cenomana Schacko; Franke, p. 193, pl. 18, figure 11.
1930 Hantkenina cenomana (Schackoina); Cushman and Wickenden, p. 40, pl. 6, figures
1-3.
1934 Hantkenina trituberculata; Morrow, pl. 29, figure 24.
1946 Schackoina trituberculata (Morrow); Cushman, pl. 61, figure 16.
1948 Schackoina cenomana (Schacko); Reichel, p. 400.
1951 Schackoina cenomana (Schacko); Noth, p. 74, pl. 5, figures 9-10.
1952 Schackoina cenomana (Schacko); Bermudez, p. 108, pl. 20, figures 1-2.
1957 Schackoina cenomana (Schacko); Bolli et al., pl. 2, figures 1-2.
1959 Schackoina gandolfii Reichel; Bolli, p. 263, pl. 20, figures 12, 14-16.
1960 Schackoina cenomana (Schacko) tappanae Montanaro Gallitelli; Masella, pl. 7,
figures 1-15, pl. 8, figures 6-15, pl. 10, figures 8-12.
1961 Schackoina cenomana (Schacko); Loeblich and Tappan, p. 270, pl. 1, figures 2-7.
1962 Schackoina cenomana gandolfii Reichel; Luterbacher and Premoli Silva, pl. 22,
figures 1-3.
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1962 Schackoina cenomana (Schacko); Samuel, p. 181, pl. 8, figures 2-3.
1964 Schackoina cenomana gandolfii Reichel; Boccaletti and Pirini, pl. 1, figures 4-9,
text-figure b.
1965 Schackoina cenomana (Schacko); Takayanagi, p. 202, pl. 21, figure 1.
1965 Schackoina cenomana (Schacko); Viterbo, pl. 10, figure 2: 5.
1966 Schackoina cenomana gandolfii Reichel; Barbieri, figure 2: 1.
1966 Schackoina cenomana cenomana (Schacko); Barbieri, figure 2: 2-6.
1966 Schackoina cenomana (Schacko); Marianos and Zingula, p. 334, pl. 37, figure 2.
1966 Schackoina cenomana cenomana (Schacko); Neagu, p. 365, pl. 1, figures 1-2.
1966 Schackoina cenomana (Schacko); Salaj and Samuel, p. 165, pl. 7, figure 8.
1968 Schackoina cenomana (Schacko); Scheibnerová, p. 57, pl. 7, figures 5-7.
1968 Schackoina trituberculata (Morrow); Ansary and Tewfik, p. 46, pl. 5, figure 9.
1969 Schackoina cenomana (Schacko); Douglas, p. 162, pl. 6, figure 5.
1969 Schackoina cenomana (Schacko); Porthault, p. 529, pl. 1, figure 2.
1970 Schackoina cenomana (Schacko); Eicher and Worstell, p. 298, pl. 9, figures 1-2, 4.
1971 Schackoina cenomana (Schacko); Subbotina, p. 138, pl. 1, figures 1-3.
1974 Schackoina cenomana (Schacko); Herb, p. 751, pl. 5, figures 14-15.
1975 Schackoina cenomana (Schacko); Luterbacher, pl. 1, figures 6-7.
1977 Schackoina cenomana (Schacko); Carter and Hart, p. 28, pl. 1, figure 10.
1977 Schackoina cenomana (Schacko); Masters, p. 430, pl. 16, figures 1-2.
1977 Schackoina tappanae Montanaro Gallitelli; Masters, p. 437, pl. 17, figure 6.
1977 Schackoina cenomana (Schacko); Pflaumann and Krasheninnikov, p. 548, pl. 7,
figures 5-7.
1977 Schackoina cenomana (Schacko); Premoli Silva and Boersma, pl. 2, figure 2.
1978 Schackoina cenomana (Schacko); Caron, p. 658, pl. 8, figures 8-9.
1980 Schackoina cenomana (Schacko); Miles and Orr, pl. 1, figures 12-13.
1980 Schackoina cenomana (Schacko); Sliter, pl. 17, figures 4, 8.
1983 Schackoina cenomana (Schacko): McNeil and Caldwell, p. 248, pl. 19, figure 17.
1983 Schackoina cenomana (Schacko); Krasheninnikov and Basov, p. 803, pl. 1, figures
1-3.
1984 Schackoina cenomana (Schacko); McNeil, figure 11: 1.
1984 Schackoina cenomana (Schacko); Leckie, p. 598, pl. 9, figures 5, 9.
1985 Schackoina cenomana (Schacko); Caron, p. 76, figure 35: 5-9.
1989 Schackoina cenomana (Schacko); Frerichs, p. 11.
1992 Schackoina cenomana (Schacko); Huber, pl. 1, figure 11.
1997 Schackoina cenomana (Schacko); BouDagher-Fadel et al., p. 184, pl. 10.7, figures
1-3.
1998 Schackoina cf. cenomana (Schacko); Bellier, p. 339, pl. 3. figure 11.
2000 Schackoina cenomana (Schacko); Petrizzo, figure 13: 5.
2009 Schackoina cenomana (Schacko); Dalby et al., pl. 1, figures 15-16.
2010 Schackoina cenomana (Schacko); Gebhardt et al., figure 6: 28-29, 34.
2010 Schackoina cenomana (Schacko): Patterson et al., p. 21, figure 8: 27-28.
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Figure 8. Specimens of Asymetria asymetrica new genus/directional lineage and new species/initiating
species and Schackoina trituberculata (Morrow, 1934) from the western North Atlantic Ocean (Blake
Plateau). 1-5 Holotype of A. asymetrica, Sample 171B-1050C-27-1, 125-127 cm (late Albian, P.
appenninica Biozone). 6-9 Paratype of A. asymetrica, Sample 171B-1050C-30-3, 72-75 cm (late
Albian, P. ticinensis Biozone). 10-13 Paratype of A. asymetrica, Sample 171B-1050C-31-1, 81-85 cm
(late Albian, P. ticinensis Biozone). 14-17 Paratype of A. asymetrica, Sample 171B-1050C-27-1, 125127 cm (late Albian, P. appenninica Biozone). 18-21 Hypotype of S. trituberculata, Sample 171B1050C-28-4, 80-83 cm (late Albian, P. ticinensis Biozone).
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Figure 9. Specimens of Praehedbergella sp., Schackoina trituberculata (Morrow, 1934) and S.
cenomana (Schacko, 1897) from the western North Atlantic Ocean (Blake Plateau) (1-15) and South
Atlantic Ocean (Blake Plateau) (16-18). 1-3 Hypotype of P. sp., Sample 171B-1050C-31-2, 80-84 cm
(late Albian, P. ticinensis Biozone). 4-5 Hypotype of S. trituberculata, Sample 171B-1050C-28-4, 8083 cm (late Albian, P. ticinensis Biozone). 6 Hypotype of S. trituberculata, Sample 171B-1050C-28-4,
80-83 cm (late Albian, P. ticinensis Biozone). 7-9 Hypotype of S. trituberculata, Sample 171B-1050C28-4, 80-83 cm (late Albian, P. ticinensis Biozone). 10-12 Hypotype of S. trituberculata, Sample 171B1050C-25-2, 130-132 cm (middle Cenomanian, T. reicheli Biozone). 13-15 Hypotype of S.
trituberculata, Sample 171B-1050C-25-2, 130-132 cm (middle Cenomanian, T. reicheli Biozone). 1618 Hypotype of S. cenomana, Sample 71-511-46-core catcher (Turonian, Praeglobotruncana sp.
Biozone).
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Figure 10. Specimens of Schackoina cenomana (Schacko, 1897), S. bicornis Reichel, 1948 and S.
multispinata (Cushman and Wickenden, 1930) from South Atlantic Ocean (Falkland Plateau) (1-7),
Caribbean region (Venezuelan Basin) (8-11), equatorial Central Pacific Ocean (Mid-Pacific Mountains)
(12-14) and USA (Texas) (15-17). 1-4 Hypotype of S. cenomana, Sample 71-511-49-5, 65.5-67.5 cm
(late Cenomanian, Praeglobotruncana sp. Biozone). 5-7 Hypotype of S. cenomana, Sample 71-511-46core catcher (Turonian, Praeglobotruncana sp. Biozone). 8-11 Hypotype of S. bicornis, Sample 10150-10-1, 58-73 cm (late Turonian, M. schneegansi Biozone). 12-14 Hypotype of S. bicornis, Sample
62-463-26-5, 53-58 cm (Coniacian, D. concavata Biozone). 15-17 Hypotype of S. multispinata from
the Gober Chalk (Fennin County, Texas, USA) deposited in the Loeblich and Tappan Topotype
Collection, NMNH, (USNM 478148).
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Figure 11. Specimens of Schackoina multispinata (Cushman and Wickenden, 1930) from the USA,
Alabama (1-4, 11) and Texas (5-10, 12). 1-4, 11 Hypotype from the Arkadelphia Marl (Clark County,
Alabama) deposited in the Loeblich and Tappan Topotype Collection, NMNH. 5-7, 12 Hypotype from
the Gober Chalk (Fennin County, Texas) deposited in the Loeblich and Tappan Topotype Collection,
NMNH, (USNM 478148). 8-10 Hypotype from the Gober Chalk (Fennin County, Texas) deposited in
the Loeblich and Tappan Topotype Collection, NMNH, (USNM 478148).
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Material. 205 Specimens.
Diagnosis. Schackoina with monotubulospines on all chambers of the final whorl.
Description. Test with early very low trochospiral stage and planispiral, evolute-involute
and biumbilicate in the adult, consisting of 6-8 chambers arranged in 1.5-2 whorls; there are
3-4 chambers, mostly 4, rarely 4.5 or 5, in the final whorl. Earlier chambers are globular or
subglobular and increase slowly in size. All the chambers in the final whorl are flask-like, and
with monotubulospines. Chamber elongation axis is perpendicular to the previous whorl.
Sutures are distinct, depressed, straight and radial on both test sides. Test is symmetrical in
edge view. Aperture is a low to medium high arch in peripheral position, and is bordered by a
narrow imperforate lip; relict periapertural structures of the last-formed chambers occur
occasionally in the umbilical region. Umbilici are shallow and medium-sized, with a diameter
of circa one fourth to one half of the maximum test diameter at the tubulospine base level.
Chamber surface is symmetrically ornamented with scattered dome-like pustules (1.9-4.8
µm), which are denser around the umbilici and rarer towards the periphery. Test wall is
simple, calcitic, hyaline and perforate; pores are simple, circular, and with a diameter of 0.20.5 µm.
Remarks. Schackoina cenomana differs from S. trituberculata, its descendant mainly by
having monotubulospines developed on all the chambers of the final whorl rather than only
over the last-formed chambers of the final whorl; it differs from G. pentagonalis by having
the chambers of the final whorl with monotubulospines rather than radially elongate and with
one distal bulbous projection and symmetrical ornamentation consisting of dome-like
pustules rather than being completely smooth; it differs from A. asymetrica by having tests
with adult planispiral stage rather than completely trochospiral, the chambers of the final
whorl with monotubulospines rather than radially elongate and with one distal bulbous
projection, main aperture in equatorial rather extraumbilical-peripheral position and
symmetrically developed ornamentation rather than only on the umbilical side.
Stratigraphical range. Upper Albian-lower Campanian (from the P. appenninica Biozone
to the G. elevata Biozone).
Geographic distribution. Cosmopolitan.
SDS Schackoina bicornis Reichel, 1948
Figures 10.8-10.14
1934 Hantkenina trituberculata; Morrow, pl. 29, figure 28 (only).
1946 Schackoina trituberculata (Morrow); Cushman, pl. 61, figure 15.
1948 Schackoina cenomana bicornis; Reichel, p. 401, figures 4: a-g, 6: 4, 7: 4, 8: b, 10: 8, 15.
1948 Schackoina moliniensis; Reichel, p. 402, figure 10: 13.
1948 Schackoina cenomana bicornis ? ou S. moliniensis ?; Reichel, figure 10: 9.
1955 Schackoina cenomana bicornis Reichel; Zanzucchi, p. 373, pl. 28, figure b: 5-7.
1960 Schackoina cenomana (Schacko) cenomana (Schacko); Masella, p. 24, pl. 1, figures 19, pl. 2, figures 1-4, pl. 10, figures 3-4.
1960 Schackoina cenomana (Schacko) multispinata (Cushman and Wickenden); Masella, p.
28, pl. 8, figures 16-21, pl. 9, figures 1-17, pl. 10, figures 13-15.
1960 Schackoina cenomana (Schacko) utriculus; Masella, p. 27, pl. 5, figures 6-8.
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Figure 12. Specimens of Schackoina multispinata (Cushman and Wickenden, 1930),
Pseudohastigerinoides gandolfii (Reichel, 1948), P. moliniensis (Reichel, 1948) and Neoschackoina
tappanae (Montanaro Gallitelli, 1955) from the Central Pacific Ocean (Shatsky Rise) (1-3), USA
(Texas) (4), Indian Ocean (Kerguelen Plateau) (5-8, 14-16), Valea Voievozi (Eastern Carpathians,
Romania) (9-13) and South Atlantic Ocean (Maud Rise) (17-18). 1-3 Hypotype of S. multispinata,
Sample 32-305-16-5, 60-76 cm (late Maastrichtian, P. hariaensis Biozone). 4 Hypotype of S.
multispinata from the Gober Chalk (Fennin County, Texas) deposited in the Loeblich and Tappan
Topotype Collection, NMNH, (USNM 478148). 5-8 Hypotype of S. multispinata, Sample 120-747A23-6, 80-84 cm (early Maastrichtian, upper part of the G. gansseri Biozone). 9-10 Hypotype of R.
gandolfii, Sample Neagu T. 144/67 (early Turonian, H. helvetica Biozone). 11-12 Hypotype of R.
moliniensis, Sample Neagu T. 144/67 (early Turonian, H. helvetica Biozone). 14-16 Hypotype of N.
tappanae, Sample 120-747A-24-1, 79-83 cm (early Maastrichtian, upper part of the G. gansseri
Biozone). 17-18 Hypotype of N. tappanae, Sample 113-689B-28-1, 77-80 cm (early Maastrichtian, G.
havanensis Biozone).
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Figure 13. Specimens of Neoschackoina tappanae (Montanaro Gallitelli, 1955) and N. sellaeforma
(Masters, 1976) from the South Atlantic Ocean (Falkland Plateau) (1-16, 18) and USA (Alabama) (17).
1-3 Hypotype of N. tappanae, Sample 71-511-24-7, 20-23 cm (late Campanian, G. impensus Biozone).
4-9 Hypotype of N. tappanae, Sample 71-511-24-6, 20-24 cm (late Campanian, G. impensus Biozone).
10-15 Hypotype of N. tappanae, Sample 71-511-24-6, 20-24 cm (late Campanian, G. impensus
Biozone). 16-18 Hypotype of N. sellaeforma, Sample 71-511-24-6, 20-24 cm (late Campanian, G.
impensus Biozone).
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1961 Schackoina multispinata (Cushman and Wickenden); Loeblich and Tappan, p. 271, pl.
1, figures 8-10.
1962 Schackoina cenomana cf. bicornis Reichel; Luterbacher and Premoli Silva, pl. 22,
figure B: 3.
1962 Schackoina cenomana bicornis Reichel; Samuel, p. 181, pl. 8, figures 5-6.
1964 Schackoina moliniensis Reichel; Boccaletti and Pirini, p. 54, pl. 1, figures 1-3, textfigure a.
1964 Schackoina cenomana bicornis Reichel; Boccaletti and Pirini, p. 56, pl. 1, figures 12-18,
text-figure d.
1966 Schackoina multispina bicornis Reichel; Neagu, p. 366, pl. 1, figures 5-6, pl. 2, figures
3-7.
1967 Schackoina multispina (Cushman and Wickenden); Burckle et al., figure 2: 5.
1969 Schackoina multispinata (Cushman and Wickenden); Porthault, p. 529, pl. 1, figure 3.
1970 Schackoina multispinata (Cushman and Wickenden); Eicher and Worstell, p. 300, pl. 9,
figures 5, 8.
1970 Schackoina cenomana bicornis Reichel; Neagu, p. 63, pl. 15, figures 7-25.
1977 Schackoina bicornis Reichel; Masters, p. 429, pl. 15, figure 3-4.
1977 Schackoina multispinata (Cushman and Wickenden); Masters, pl. 16, figure 4.
1979 Schackoina multispina bicornis Reichel; Sigal, pl. 5, figure 3.
1980 Schackoina multispinata (Cushman and Wickenden); Sliter, 1980, p. p. 369, figures 5, 6
(only).
1981 Schackoina sp.; Belford, p. 51, pl. A6, figures 23-26.
2000 Schackoina multispinata (Cushman and Wickenden); Petrizzo, figure 13: 5.
2005 Schackoina cenomana (Schacko); Verga and Premoli Silva, figure 1: 2.
2010 Schackoina cenomana (Schacko); Gebhardt et al., figure 6: 33.
Material. 17 Specimens.
Diagnosis. Schackoina with the last-formed one or two chambers with α-bitubulospines.
Description. Test is very low trochospiral in the early stage and planispiral, evoluteinvolute and biumbilicate when adult, consisting of 7-8 chambers arranged in 1.5-2 whorls;
there are 4 chambers in the final whorl, rarely 4.5. Earlier chambers are globular or
subglobular, with low size increase, whereas earlier chambers of the final whorl are flask-like,
and with monotubulospines; the last-formed one or two chambers have α-bitubulospines; the
chambers with α-bitubulospines are subtetrahedral in shape. Sutures are distinct, depressed,
straight and radial on both test sides. Test is symmetrical in edge view. Aperture is a low to
medium high arch in equatorial position, and bordered by an imperforate lip; no relict
periapertural structures occur in the umbilical region. Umbilici are shallow and mediumsized, with the diameter of circa one half of the maximum test diameter at the level of the
tubulospine base. Chamber surface is symmetrically ornamented on the two sides with domelike pustules (2.0-2.6 µm), which are denser in the periumbilical zones. Test wall is simple,
calcitic, hyaline and perforate; pores are simple, circular, and with a diameter of 0.2-1.5 µm.
Remarks. Schackoina bicornis differs from S. cenomana and S. trituberculata mainly by
having α-bitubulospines on the last-formed one or two chambers rather than
monotubulospines; it differs from G. pentagonalis and A. asymetrica mainly by having the
chambers of the final whorl with monotubulospines and then with α-bitubulospines rather
than radially elongate and with one distal bulbous projection, and chamber surface
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symmetrically ornamented with dome-like pustules rather than smooth or with
asymmetrically developed ornamentation respectively.
Stratigraphical range. Upper Albian-lower Santonian (from the P. appenninica Biozone
to the D. concavata Biozone).
Geographic distribution. Cosmopolitan.
TDS Schackoina multispinata (Cushman and Wickenden, 1930)
Figures 10.15-10.17, 11.1-11.12, 12.1-12.8
1937 Schackoina trituberculata (Morrow); Loetterle, p. 47, pl. 7, figure 7.
1930 Hantkenina multispinata; Cushman and Wickenden, p. 40, pl. 6, figures 4-6.
1931 Hantkenina multispinata Cushman and Wickenden; Cushman, p. 88, pl. 11, figures 1011.
1946 Schackoina multispinata (Cushman and Wickenden); Cushman, p. 148, pl. 61, figures
11-12.
1952 Schackoina multispinata (Cushman and Wickenden); Bermudez, p. 108, pl. 20, figure 3.
1959 Schackoina multispinata (Cushman and Wickenden); Bolli, p. 264, pl. 20, figure 19.
1962 Schackoina cushmani; Barr, p. 565, pl. 69, figure 3, text-figure 5 a-h.
1962 Schackoina multispinata (Cushman and Wickenden); Luterbacher and Premoli Silva,
figure C: 1-3.
1963 Schackoina multispinata (Cushman and Wickenden); Graham and Church, p. 61, pl. 7,
figure 9.
1964 Schackoina cenomana multispinata (Cushman and Wickenden); Boccaletti and Pirini,
pl. 2, figure 20, text-figure g.
1967 Schackoina multispinata (Cushman and Wickenden); Pessagno, p. 280, pl. 60, figure 1.
1968 Schackoina multispinata (Cushman and Wickenden); Sliter, p. 100, pl. 15, figure 7.
1971 Schackoina multispinata (Cushman and Wickenden); Subbotina, p. 139, pl. 1, figures 45.
1977 Schackoina multispinata (Cushman and Wickenden); Masters, p. 434, pl. 16, Figure 6,
pl. 17, figure 2.
1977 Schackoina multispinata (Cushman and Wickenden); Sliter, p. 541, pl. 7, figures 8-9.
1981 Schackoina multispinata (Cushman and Wickenden); Frerichs and Dring, p. 68, pl. 2,
figure 12.
1981 Schackoina multispinata (Cushman and Wickenden); McNeil and Caldwell, p. 249, pl.
20, figures 1-2.
1985 Schackoina multispinata (Cushman and Wickenden); Caron, p. 76, figure 35: 10-13.
1992 Schackoina multispinata (Cushman and Wickenden); Quilty, p. 381, pl. 2, figures 1-2.
1992 Schackoina sp.; Quilty, p. 381, pl. 2, figure 3.
Material. 24 Specimens.
Diagnosis. Schackoina with the last-formed one or two chambers with tritubulospines.
Description. Test is a very low trochospiral in early stage and planispiral, evoluteinvolute and biumbilicate in the adult stage, and consists of 7-8 chambers arranged in 2-2.5
whorls; there are three chambers in the final whorl. Earlier chambers are globular or
subglobular, those in the final whorl flask-like or subtetrahedral; earlier chambers of the final
whorl with monotubulospines, then with α-bitubulospines and the last-formed one or two with
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tritubulospines; the chambers with α-bitubulospines may be absent. Sutures are distinct,
depressed, straight and radial on both test sides. Test is symmetrical in edge view. Umbilici
are shallow, with the diameter of approximately one half of the test diameter at the
tubulospine base. Aperture is a low to medium high arch equatorial in position, and bordered
by an imperforate lip; relict periapertural structures occur in the umbilical regions. Chamber
surface is symmetrically ornamented with scattered dome-like pustules with a diameter of
1.0-3.5 µm, which are concentrated around the umbilical regions and less dense in the
peripheral region around the tubulospine base. Test wall is calcitic, hyaline, simple and
perforate; pores are simple and circular, with a diameter of 0.2-0.5 µm.
Remarks. Schackoina multispinata differs from S. trituberculata, S. cenomana and S.
bicornis mainly by having the last-formed one or two chambers with tritubulospines. It differs
from the species of Groshenyia and Asymetria by having the chambers with tubulospines
rather than radially elongate and with one bulbous distal projection.
Stratigraphical range. Upper Santonian-Maastrichtian (from the D. asymetrica Biozone
throughout P. hariaensis Biozone).
Geographic distribution. Cosmopolitan.
Genus/Directional Lineage Pseudohastigerinoides – n. gen./new directional lineage
Type species.- Schackoina moliniensis Reichel, 1948, by original designation.
Species included. IS: Pseudohastigerinoides gandolfii (Reichel, 1948) and FDS: P.
moliniensis (Reichel, 1948).
Diagnosis. Schackoinid planktic foraminifera with strongly elongate chambers
resembling tubulospines in the adult stage.
Description. Test is very low trochospiral in the early stage and planispiral in the adult
stage. Early chambers are globular and subglobular, those of the final whorl conical or highly
conical, and occasionally flask-like, the last formed one or two strongly radially elongate,
resembling tubulospines; there is one chamber extension on each chamber in P. gandolfii and
two or three elongate extensions, the two anterior ones symmetrically arranged with respect to
the equatorial plane in P. moliniensis. Sutures are distinct, depressed, straight and radial on
both test sides. Test is symmetrical in edge view; an equatorial groove developed on the
chambers with symmetrically developed chamber extensions occurs in P. moliniensis.
Aperture is a low arch at the base of the last-formed chamber, equatorial in position, and
bordered by a narrow imperforate lip; relict periapertural structures occasionally occur in the
umbilici. Chamber ornamentation consists of scattered dome-like pustules, which are
concentrated around the umbilici, and are symmetrically developed over the two test sides.
Test wall is calcitic, hyaline, simple and perforate; pores are simple and with circular outline.
Remarks. Pseudohastigerinoides differs from any other schackoinid planktic foraminifer
mainly by the last-formed chambers, which are strongly elongate resembling tubulospines,
rather than having radially elongate chambers with one distal projection or tubulospines.
Derivation. The Greek prefix “pseudo-“ (=false) is added to the pre-existing genus name
Hastigerinoides, invoking the similarities in the general test architecture between the two
genera.
Stratigraphical range. Cenomanian-lower Turonian (from the upper part of the T.
globotruncanoides Biozone to the lower part of H. helvetica Biozone).

44

M. Dan Georgescu

Geographic distribution. Europe (Switzerland, France, Italy, Romania), Caribbean region
(Puerto Rico Trench), northern Africa (Tunisia), Australia and eastern Indian Ocean
(Exmouth Plateau).
IS Pseudohastigerinoides gandolfii (Reichel, 1948)
Figures 12.9-10
1948 Schackoina gandolfii; Reichel, p. 397, text-figures 3: a-g, 6: 3, 7: 3, 8: a, 10: 1, 3, 4, pl.
8, figure 1.
1952 Schackoina gandolfii Reichel; Bermudez, p. 108, pl. 20, figure 4.
1954 Schackoina gandolfii Reichel; Aurouze and de Klasz, figure 1c.
1955 Schackoina gandolfii Reichel; Zanzucchi, p. 373, pl. 28, figure c: 1-4.
1960 Schackoina cenomana gandolfii Reichel; Masella, pl. 2, figures 5-12, pl. 3, Figures 113, pl. 10, Figures 6-7.
1960 Schackoina cenomana cenomana (Schacko); Masella, pl. 10, figures 1-2.
1962 Schackoina cenomana gandolfii Reichel; Luterbacher and Premoli Silva, figure B: 1-2.
1964 Schackoina gandolfii Reichel; Todd and Low, p. 406, pl. 1, figures 5-6, 8.
1966 Schackoina cenomana gandolfii Reichel; Neagu, p. 366, pl. 1, figures 3-4, 18-21, pl. 2,
figures 1-2.
1966 Schackoina gandolfii Reichel; Salaj and Samuel, p. 166, pl. 7, figure 6.
1970 Schackoina cenomana gandolfii Reichel; Neagu, p. 63, pl. 15, figures 1-6.
1972 Schackoina cenomana cenomana (Schacko); Gawor-Biedowa, p. 64, pl. 6, figure 1.
1973 Schackoina cenomana (Schacko); Quilty, pl. 1, figure 6.
1975 Schackoina cenomana (Schacko); Playford et al., p. 338, figure 2: 1, 4.
1977 Schackoina cenomana gandolfii Reichel; Premoli Silva and Boersma, p. 637, pl. 2,
figure 1.
Material. 43 Specimens.
Diagnosis. Pseudohastigerinoides with one or two highly conical chambers in the final
whorl and last-formed one or two chambers strongly radially elongate, resembling
tubulospines.
Description. Test with early very low trochospiral stage and planispiral, evolute-involute
and biumbilicate adult stage; it consists of 7-8 chambers arranged in 1.5-2 whorls; there are 4,
rarely 4.5 chambers in the final whorl. Earlier chambers are globular or subglobular and with
a slow size increase. The early one or two of the early chambers of the final whorl are conical
or highly conical, and occasionally flask-like, the last formed one or two strongly radially
elongate, resembling tubulospines; the first chamber in the final whorl can occasionally be
globular; chamber elongation axis is perpendicular to the previous whorl; chambers increase
in size at high rate in the last whorl. Sutures are distinct, depressed, straight and radial on both
test sides. Test symmetrical in edge view; periphery is rounded. Aperture is a low arch at the
base of the last-formed chamber, equatorial in position, and is bordered by a narrow
imperforate lip; relict periapertural structures occasionally occur in the umbilici. Chamber
ornamentation is symmetrically developed on the two test sides, and consists of scattered
dome-like pustules (1.5-4.3 µm), which are concentrated around the umbilical regions. Test
wall is simple, calcitic, hyaline and perforate; pores are circular, with a diameter of 0.2-0.5
µm.
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Remarks. Pseudohastigerinoides gandolfii differs from species of Groshenyia and
Asymetria mainly by lacking chamber distal bulbous projection; moreover, P. gandolfii is a
younger species, which is recorded only in the proximity of the Cenomanian/Turonian
boundary and in the lower Turonian. It differs from the species of the genus Schackoina
mainly by lacking flask-like chambers in the last whorl and tubulospines. Hastigerinoides
alexanderi (Cushman, 1931) of the late Santonian differs from P. gandolfii by its medium
high to high aperture rather than a low arch and larger pore size (1.6-1.8 µm rather than 0.51.0 µm); however, the two species are separated by the middle Turonian-lower Santonian
Stratigraphical interval.
Stratigraphical range. Cenomanian-lower Turonian (from the upper part of the T.
globotruncanoides Biozone to the lower part of H. helvetica Biozone).
Geographic distribution. Europe (Switzerland, France, Italy, Romania), Caribbean region
(Puerto Rico Trench), northern Africa (Tunisia), Australia and Indian Ocean (Kerguelen
Ridge, Exmouth Plateau).
FDS Pseudohastigerinoides moliniensis (Reichel, 1948)
Figures 12.11-12.13
1948 Schackoina moliniensis; Reichel, p. 402, text-figures 5: a-d, 6: 5, 7: 5, 8: c, 10: 10, 13.
1952 Schackoina bicornis Reichel; Bermudez, p. 108, pl. 20, figure 5.
1955 Schackoina moliniensis Reichel; Zanzucchi, p. 373, pl. 28, figure c: 8-10.
1960 Schackoina cenomana alberti; Masella, p. 26, pl. 5, figures 11-16, pl. 6, figures 1-9, pl.
10, figure 5.
1960 Schackoina cenomana trinacriae; Masella, p. 27, pl. 5, figures 9-10.
1962 Schackoina moliniensis Reichel; Samuel, p. 183, pl. 8, figures 7-8.
1966 Schackoina multispina bicornis Reichel; Neagu, p. 366, pl. 1, figures 7-8, pl. 2, figures
8-22.
1966 Schackoina multispinata (Cushman and Wickenden); Salaj and Samuel, 1966, p. 166,
pl. 7, figure 7.
1969 Schackoina bicornis Reichel; Porthault, p. 529, pl. 1, figure 1.
1972 Schackoina cenomana bicornis Reichel; Gawor-Biedowa, p. 65, pl. 6, figure 2.
1972 Schackoina moliniensis Reichel; Gawor-Biedowa, p. 66, pl. 6, figure 3.
1973 Schackoina bicornis Reichel; Quilty, pl. 1, figure 7.
1977 Schackoina alberti Masella; Masters, p. 428, pl. 15, figure 2.
1978 Schackoina moliniensis Reichel; Caron, p. 658, pl. 8, figures 10-11.
1980 Schackoina multispinata (Cushman and Wickenden); Sliter, p. 369, pl. 17, figures 7, 9
(only).
Material. 40 Specimens.
Diagnosis. Pseudohastigerinoides with the last one or two chambers with two or three
elongate extensions, two of them symmetrically arranged with respect to the test equatorial
plane.
Description. Test planispiral, involute-evolute and biumbilicate at least in the adult stage.
The test consists of 7-8 chambers arranged in 1.5-2 whorls; there are commonly 4 chambers
in the final whorl, rarely 4.5. Earlier chambers of the final whorl are conical in shape,
occasionally flask-like; the last one or two have two or three elongate extensions, two of them
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symmetrically arranged with respect to the test equatorial plane. Sutures are distinct,
depressed, straight and radial on both test sides. Test symmetrical in edge view; periphery
with an equatorial groove developed on the chambers with symmetrically developed chamber
extensions. Aperture is a low arch in equatorial position at the base of the last-formed
chamber; it is bordered by an imperforate lip, which is rarely preserved. Umbilici are shallow
and without relict periapertural structures. Chamber surface is ornamented with scattered
dome-like pustules (1.8-3.4 µm in diameter), which are concentrated around the umbilical
regions; ornamentation is symmetrically developed on the two test sides. Test wall is simple,
calcitic, hyaline and perforate; pores are circular, with a diameter of 0.2-0.5 µm.
Remarks. Pseudohastigerinoides moliniensis differs from P. gandolfii by having two or
three extensions resembling tubulospines over the last one or two chambers rather than one.
Stratigraphical range. Uppermost Cenomanian-lower Turonian (from the upper part of
the R. cushmani Biozone to the lower part of H. helvetica Biozone).
Geographic distribution. Europe (Switzerland, Italy, Romania) and eastern Indian Ocean
(Exmouth Plateau).
Genus/Directional Lineage Neoschackoina – n. gen./new directional lineage
Type species.- Schackoina sellaeforma Masters, 1976, by original designation.
Species included. IS: Neoschackoina tappanae (Montanaro Gallitelli, 1955) and FDS: N.
sellaeforma (Masters, 1976).
Diagnosis. Schackoinid planktic foraminifera with globular chambers with monotubulospines or β-bitubulospines.
Description. Test planispiral, evolute-involute and biumbilicate consisting of globular
chambers. Chambers are globular throughout and terminate with monotubulospines in N.
tappanae and subrectangular to trapezoidal terminating with β-bitubulospines in N.
sellaeforma. Sutures are distinct, depressed, straight and radial on both test sides. Test is
symmetrical in edge view, slightly compressed in N. sellaeforma. Aperture is a medium high
to high arch in equatorial position, and is bordered by a sparsely perforate lip; relict
periapertural structures occur in the umbilici. Chamber surface is symmetrically ornamented
with irregular pustules; less dense pustules occur occasionally around the tubulospine base.
Test wall is calcitic, hyaline, simple and perforate; pores are simple, and circular.
Remarks. Neoschackoina differs from Groshenyia and Asymetria mainly by having the
chambers terminating with tubulospines, rather that radially elongate and with one distal
bulbous projection. It differs from Schackoina mainly by the test consisting of globular rather
than flask-like chambers at least in the adult stage, and chambers terminating with
monotubulospines and β-bitubulospines rather than monotubulospines, α-bitubulospine and
tritubulospines. It differs from Pseudohastigerinoides mainly by having globular chambers
rather than bearing radially elongate resembling tubulospines.
Derivation. The Greek prefix neo- (=new) is added to the pre-existing name Schackoina.
Stratigraphical range. Upper Santonian-lower Maastrichtian (from the D. asymetrica
Biozone to the upper part of G. gansseri Biozone).
Geographic distribution. Europe (Italy, Poland), South Atlantic Ocean (Falkland Plateau,
Maud Rise), Indian Ocean (Kerguelen Plateau) and USA (Alabama, Kansas, Wyoming).
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IS Neoschackoina tappanae (Montanaro Gallitelli, 1955)
Figures 12.14-18, 13.1-15
1955 Schackoina tappanae; Montanaro Gallitelli, p. 142, pl. 1, figures 1-10.
1964 Schackoina tappanae Montanaro Gallitelli; Cati, p. 255, pl. 41, figure 10.
1969 Schackoina multispinata (Cushman and Wickenden); Douglas, p. 163, pl. 11, figure 13.
1975 Schackoina multispinata (Cushman and Wickenden); Frerichs et al., p. 306, pl. 3, figure
12.
1977 Schackoina cenomana (Schacko); Sliter, p. 541, pl. 7, figure 7.
1981 Schackoina multispinata (Cushman and Wickenden); Frerichs and Dring, p. 68, pl. 2,
figure 11 (only).
1990 Schackoina multispinata (Cushman and Wickenden); Huber, p. 503, pl. 2, figure 1.
1992 Schackoina tappanae Montanaro Gallitelli; Gawor Biedova, p. 79, pl. 13, figure 1.
Material. 26 Specimens.
Diagnosis. Neoschackoina with the last-formed chambers with monotubulospine.
Description. Test planispiral, evolute-involute and biumbilicate, consisting of 6-7
chambers; there are 3.5-4 chambers in the final whorl, most commonly 3.5. Chambers are
globular throughout, and slowly increase in size; the last-formed chambers have
monotubulospines. Sutures are distinct, depressed, straight and radial on both test sides. Test
is symmetrical in edge view. Aperture is a medium high or high arch in equatorial position,
and bordered by a wide perforate lip. Umbilici are shallow, with a diameter of circa one third
of the test maximum diameter at the level of the tubulospine base; relict periapertural
structures occur in the umbilical regions. Chamber surface is symmetrically ornamented with
pustules on both test sides; pustules irregular, with a maximum dimension of 3.2-4.5 µm, and
are often distributed over the entire chamber surface; specimens with lesser amount of
ornamentation around the tubulospine base occasionally occur. Test wall is calcitic, hyaline,
simple and perforate; pores are simple, circular and with a diameter of 0.2-0.4 µm.
Remarks. Neoschackoina tappanae differs from the species of the Schackoina directional
lineage mainly by the globular rather than flask-like chambers. It differs from the species of
the directional lineage Pseudohastigerinoides mainly by the globular chambers with welldeveloped monotubulospines rather than radially elongate resembling tubulospines. There is
no evidence to document the existence of an early trochospiral coil in N. tappanae.
Stratigraphical range. Upper Santonian-lower Maastrichtian (from the D. asymetrica
Biozone to the upper part of G. gansseri Biozone).
Geographic distribution. Europe (Italy, Poland), South Atlantic Ocean (Falkland Plateau,
Maud Rise), Indian Ocean (Kerguelen Plateau) and USA (Kansas, Wyoming).
FDS Neoschackoina sellaeforma (Masters, 1976)
Figures 13.16-18
1976 Schackoina sellaeforma; Masters, p. 327, pl. 1, figures 13-16.
1977 Schackoina sellaeforma Masters; Masters, p. 437, pl. 17, figures 3-4.
Material. 3 Specimens.
Diagnosis. Neoschackoina with last-formed one to three chambers with β-bitubulospines.
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Figure 14. Stratigraphic distribution and evolutionary relationships of the schackoinid foraminifera; the
stratigraphical interval without schackoinid tests is given in red. Planktic foraminiferal zonation is after
Robaszynski and Caron (1995). Ages are after Gradstein et al. (2004).

Description. Test is planispiral, evolute-involute and biumbilicate and consists of 6-7
chambers; there are 3-3.5 chambers in the final whorl. Earlier chambers are globular or with
one monotubulospine, the last-formed one to three are subrectangular to trapezoidal, and with
β-bitubulospines. Sutures are distinct, depressed, straight and radial on both test sides. Test is
symmetrical and slightly compressed in edge view. Aperture is a medium high arch in
equatorial position, and bordered by a wide sparsely perforate lip. Umbilici are shallow, and
with a diameter of circa one third of the test maximum diameter at the level of the tubulospine
base; relict periapertural structures occur in the umbilical regions. Chamber surface is
symmetrically ornamented with pustules on both test sides; pustules are irregular in shape,
with the maximum dimension of 2.4-3.9 µm; less dense pustules occur occasionally around
the tubulospine base. Test wall is calcitic, hyaline, simple and perforate; pores are simple,
circular and with a diameter of 0.2-0.4 µm.
Remarks. Neoschackoina sellaeforma differs from all the other schackoinid planktic
foraminiferal species by having β-bitubulospines on the last-formed one to three chambers.
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Stratigraphical range. Campanian (from the G. elevata Biozone to the R. calcarata
Biozone).
Geographic distribution. USA (Alabama) and South Atlantic Ocean (Falkland Plateau).

CONCLUSION
This taxonomical review of the Cretaceous (late Albian-Maastrichtian) genus
Schackoina, which is based on the extensive use of the SEM, results in a more accurate view
of the test morphology, intraspecific variability, stratigraphic distribution and evolutionary
relationships within this relative small group of planktic foraminifers. A new classification is
herein developed to accommodate the newly discovered morphological features and
evolutionary trends. The oldest planktic foraminifera with schackoinid appearance of late
Barremian-early Aptian are included within the genus Leupoldina. Ttest that were
traditionally assigned to the genus Schackoina are younger and first occur in the upper Albian
sediments (P. ticinensis Biozone), following a gap encompassing the upper Aptian-lower
upper Albian stratigraphic interval without schackoinid tests (Figure 14).
Groshenyia is a new genus, which accommodates a new directional lineage, consists of
two species: G. groshenyae - new species and G. pentagonalis. The former is very low
trochospiral throughout and the last-formed chambers tangentially elongate, petaloid and
more rarely clavate; the latter has an adult planispiral stage and the last-formed one to four
chambers radially elongate and with one distal bulbous projection. The test is smooth, and
with circular pores, with a diameter of 0.5-1.6 µm. The first occurrence is recorded for both
species in the P. ticinensis Biozone at ODP hole 1050C (Blake Plateau); additional studies are
necessary to document the lineage initiation timing. The gradual development of the
chambers bearing one distal bulbous projection is for the first time documented in the
schackoinid group. Apparently the distal bulbous projection developed in a similar
morphological sequence as in the non-schackoinid lineages Pessagnoina Georgescu, 2009
and Eohastigerinella Morozova, 1957 of the Late Cretaceous (Georgescu, 2009, 2011b).
The new genus Asymetria is erected to accommodate the late Albian-earliest Cenomanian
tests with asymmetrically developed ornamentation, pustulose on the umbilical side and
smooth on the spiral one, an unique feature among the Cretaceous planktics; it includes only
one species, A. asymetrica - new species. This new taxon is trochospiral throughout and has
the last-formed one to three chambers with one distal bulbous projection. The Asymetria
lineage cannot be defined at the present level of knowledge because its ancestry is unknown.
Rare tests with incipient chamber elongation that can potentially belong to a species ancestral
to A. asymetrica are herein reported from the lower Albian sediments from ODP Hole 1049B
(Blake Plateau) and possibly DSP Site 370 (Deep Basin off Morocco); such tests are assigned
to A.? sp. The similarities in the general test appearance of A. ? sp. and the early stages of A.
asymetrica, as well as the similarities in the wall ultrastructure and porosity characteristics,
indicate an evolutionary relationship between the two taxa. Additional study is necessary to
document the evolution of the asymmetrically developed ornamentation, being given that A. ?
sp. is a smooth species.
Genus Schackoina is reviewed to accommodate a directional lineage consisting of four
species, which in evolutionary order are: S. trituberculata, S. cenomana, S. bicornis and S.
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multispinata. Schackoina species are characterized by tests with early low planispiral coil and
planispiral adult stage, flask-like chambers with tubulospines, and pustulose ornamentation
symmetrically developed on the two test sides. This directional lineage evolved in the late
Albian from the globular-chambered Praehedbergella in the upper part of the P. ticinensis
Biozone. Monotubulospines are developed only on the last-formed chambers of the final
whorl in the earliest species of Schackoina, namely S. trituberculata; the earlier chambers of
the last whorl are globular and without tubulospines, demonstrating thereby the direct
evolutionary relationships with the representatives of the hedbergellid stock. Apparently the
evolution within the Schackoina directional lineage is towards the tubulospine development
on earlier chambers and increase of tubulospine number per chamber. Monotubulospines
occur on all the chambers of the final whorl in S. cenomana. Multiple tubulospines evolve
only on the last-formed chambers of S. bicornis (α-bitubulospines) and S. multispinata
(tritubulospines).
A genus that accommodates a new directional lineage is described to accommodate the
Cenomanian-early Turonian schackoinids with strongly elongate chambers resembling
tubulospines: Pseudohastigerinoides. Two species are included within the
Pseudohastigerinoides lineage: P. gandolfii and P. moliniensis. There is one radial extension
on each chamber in the former species and two or three extensions on the last-formed one or
two chambers in the latter. Gross test architecture features (chamber number, development of
radially elongate extensions, etc) indicate that the most likely ancestor of P. gandolfii is S.
trituberculata.
The new genus Neoschackoina accommodates the youngest schackoinid directional
lineage, which evolved in the late Santonian and became extinct in the early Maastrichtian.
Neoschackoina consists of two species: N. tappanae and N. sellaeforma. The evolution in this
directional lineage is most apparent in the chamber shape and tubulospines:
monotubulospines and globular chambers in the former species and β-bitubulospines and
laterally compressed chambers in the latter. The origins of Neoschackoina are not precisely
known. It could have evolved from S. cenomana through the development of globular
chambers with one tubulospine on all the chambers of the final whorl; however, this
phylogenetic relationship is not supported by the chamber shape evolution: globular (earlier
chambers of the final whorl in S. trituberculata), then flask-like (S. cenomana) and again
globular (N. tappanae). Another possibility is that Neoschackoina evolved from a nonschackoinid ancestor, but this requires additional studies at ultrastructure level on the
representatives of the globular-chambered hedbergellids and globigerinelloidids of Santonian
age.
Eleven species with schackoinid test general appearance are recognized in the upper
Albian-Maastrichtian. They can be easily identified based on features readily observable with
the optical microscope (Figure 15).
The taxonomical review of the late Albian-Maastrichtian schackoinid planktic
foraminifera shows that it is possible to develop an evolutionary classification framework
based on high resolution data collected from throughout the stratigraphic ranges of the studied
species. One of the most important advantages of this method is that lineages, which are
natural evolutionary units, can be defined, thereby avoiding the lumping at supraspecific
level, which is frequent in the classification based on typological principles.
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Figure 15. Practical identification key for the schackoinid species; key end features are given on yellow
background.
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APPENDIX
Alphabetical list of species used in the Cretaceous biostratigraphy at the eight
DSDP/ODP sites or holes studied.
Abathomphalus mayaroensis (Bolli, 1951);
Archaeoglobigerina cretacea (d’Orbigny, 1840);
Arenobulimina flandrini (Moullade, 1966);
Biticinella breggiensis (Gandolfi, 1942);
Dicarinella asymetrica (Sigal, 1952);
Dicarinella concavata (Brotzen, 1934);
Falsotruncana maslakovae Caron, 1981;
Gansserina gansseri (Bolli, 1951);
Globigerinelloides impensus Sliter, 1977;
Globotruncanella petaloidea (Gandolfi, 1955);
Globotruncanella subpetaloidea (Gandolfi, 1955);
Globotruncanita elevata (Brotzen, 1934);
Globotruncanita insignis (Gandolfi, 1955);
Globotruncanita stuarti (de Lapparent, 1918);
Globotruncanita vescicarinata (Belford, 1981);
Hedbergella hoelzli (Hagn and Zeil, 1954);
Helvetoglobotruncana helvetica (Bolli, 1945);
Hendersonites pacificus Georgescu, 2011;
Marginotruncana marginata (Reuss, 1845);
Marginotruncana schneegansi (Sigal, 1952);
Parathalmanninella appenninica (Gandolfi, 1942);
Pseudoguembelina hariaensis Nederbragt, 1991;
Pseudothalmanninella subticinensis (Gandolfi, 1942);
Pseudothalmanninella ticinensis (Gandolfi, 1942);
Racemiguembelina fructicosa (Egger, 1902);
Radotruncana calcarata (Cushman, 1927);
Recurvoides imperfectus (Hanzliková, 1973);
Rotalipora cushmani (Morrow, 1934);
Thalmanninella globotruncanoides Sigal, 1948;
Thalmanninella reicheli (Mornod, 1950);
Ticinella praeticinensis Sigal, 1966;
Ticinella primula Luterbacher in Renz et al., 1963;
Ventilabrella eggeri Cushman, 1928;
Whiteinella archaeocretacea Pessagno, 1967;
Whiteinella baltica Douglas and Rankin, 1969.
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