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Chapter 1

INTRODUCTION

GENERAL

“Calcareous nannofossils” form a heterogeneous group of minute calcareous
objects that range in size from 1 to 30 microns. The majority of the fossils
resemble the coccoliths of the exterior calcareous cover (coccosphere) of the
Haptophyceae and therefore it is generally accepted that these fossils are re-
mains of such unicellular algae.

Reviews of basic information about the calcareous nannofossils have been
published by Hay (1977), Gartner (1977), Haq (1978), Tappan (1980) and
Lord and Taylor (1982).

The recognition of the calcareous nannofossils as a worthwhile tool for
biostratigraphic correlations is generally credited to Bramlette and his co-
workers Riedel, Sullivan, Martini and Wilcoxon (1954—-1967). Following
these pioneering efforts, intensive taxonomic and biostratigraphic studies of
calcareous nannofossils have been carried out, and these have formed the
basis for several biozonal schemes of the Mesozoic and the Cenozoic Sys-
tems.

The Cenozoic zonations are far more refined than the Mesozoic ones,
mainly owing to the great number of Cenozoic sections with well-preserved
nannofossil content obtained by the coring of deep ocean sediments. The
two comprehensive zonations of the Cenozoic most frequently used are the
compilations of Martini (1971) and of Bukry (1971, 1975). Although both
zonal schemes have so far provided a good working basis for biostratigraphic
correlations, they are not applicable everywhere. The Neogene of the Medi-
terranean area has proved especially hard to calibrate with the standard
Zonations of the open oceans.

Our biostratigraphic investigation was concentrated on Miocene Mediter-
ranean sections, firstly because numerous land sections and cores of this in-
terval were either available in the Utrecht collections or easily accessible, and
secondly because the ‘“standard” Miocene zonations were inadequate for
biostratigraphic correlations in the Mediterranean region.

As most of the Mediterranean sections were fragmentary, a large number
of sections were studied in order to cover the Miocene interval completely
and to check the reproducibility of our initial biostratigraphic results. This



study led to the composition of a new ‘“Mediterranean Miocene Zonation”
(fig. 44).

The applicability of our biostratigraphic data from the Mediterranean sec-
tions was checked on some DSDP cores and land sections in extra-Mediter-
ranean areas. The use of our new markers in combination with the conven-
tional ones that we found in these sections resulted in a more refined general
biozonal scheme: the “Integrated Miocene Zonation” (fig. 45).

A large amount of taxonomic information was gathered during the pro-
gress of our investigation. Of all the taxa encountered we chose to make a
thorough revision of the taxonomy of two major groups, namely the heli-
coliths and the discoasters. As a basis for this revision we used our new find-
ings concerning the ultrastructure of the nannoliths of these groups (chapters
4 and 5). Both groups were chosen because of their rich and diverse represen-
tation in our Miocene samples. In order to complete our knowledge about
these nannofossil groups and to reconstruct ‘“evolutional patterns” we ex-
panded our study by incorporating data from several pre-Miocene and post-
Miocene sections and samples (fig. 2).

METHODS

Preparation of the samples

Three types of preparation were used for our investigation.

A. Fixed mounts: For the preparation of these mounts a small quantity of
fresh sediment was soaked in distilled water to let it disintegrate. Care was
taken not to shake the wet samples because shaking might cause sorting of
the nannoliths through suspension and subsequent settling of the sediment
particles. A fraction of the treated sediment was smeared on a cover slide,
dried and embedded on an objective slide with Canada balsam.

B. Mobile mounts: A small quantity of sediment was allowed to disintegrate
in water, was smeared on a slide, dried and finally scratched off the surface
of the slide. The powdered sediment was mixed with castor-oil.

C. S.E.M. preparations: Scanning Electron Microscope mounts were usually
prepared by drying a droplet of sediment suspension in water directly on the
surface of a S.E.M. stub and afterwards coating it with gold. The methods
described by Moshkovitz (1974) and Hansen et al. (1975) were useful for
making observations of the same object both in the L.M. and the S.E.M., but
this procedure was not a standard routine.



Observations and documentation

Light microscopic observations were carried out with a Leitz Orthoplan
microscope, with polarization equipment, a gypsum plate and a revolving
object stage. During a later stage of our investigation we stopped using the
gypsum plate as the information gained with this device did not seem any
better than that gained by the ordinary microscopic examination. The
specimens were observed at a magnification of 1250 X.

The distribution charts which are presented in the following chapter are
based on light microscopic examination of five traverses (32 mm each) along
each slide; an additional examination of five more traverses was used in order
to establish the position of datum levels.

For the S.E.M. observation we used a Cambridge Stereoscan 600 M for
magnifications up to 20,000 X, whereas a Cambridge Stereoscan 150 and a
Jeol STEM were used in order to obtain magnifications as high as 100,000 X.

Our original intention was to present micrographs of all the species dis-
cussed in this paper but we had to abandon this plan. Although containing
sufficient morphological information, most electron micrographs did not
meet the quality standards necessary for their reproduction through printing.
If we had chosen to present the few reproducible pictures this would have
resulted in an unbalanced presentation.

To avoid this problem, nearly all species are depicted by light micro-
graphs. The helicoliths have been documented additionally by drawings. All
drawings have been made by the author on the basis of the information
gained through series of unpublishable electron micrographs and direct elec-
tron microscopic observations.

SPECIES CONCEPT

Species of calcareous nannofossils are obviously no more than species
founded on the morphological characteristics of fragments — isolated coc-
coliths — of individual organisms. Such species are clearly artificial categories
as there is no biological argument favouring the view that two morphologically
distinct coccoliths belonged to two different biological species. On the con-
trary, observations on recent Haptophyceae have demonstrated that individ-
ual algal cells may bear polymorphic coccospheres, or may be covered by
two layers of coccoliths without morphological similarity (dithecatism). Fur-
thermore, it has been observed that the morphology of the coccoliths may
change during successive phases of the life cycle of an individual and mor-
phological changes in certain Haptophyceae may even be induced by differ-
ences in temperature.



Our nannofossil “species” must be regarded as convenient units for the
practice of biostratigraphic correlations. The same remark is valid for all
other taxa of a higher or of a lower taxonomic rank.

DEPOSITORY OF SAMPLES

All samples, as well as the holotypes and isotypes of new species are
stored in the micropaleontological collections of the Department of Strati-
graphy and Paleontology of the State University of Utrecht.
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Chapter 2

PROVENANCE OF THE MATERIAL

INTRODUCTION

This study is based on closely spaced samples from D.S.D.P. cores and
land sections — 27 in total — and on individual samples from various local-
ities in the Mediterranean region and in the adjacent oceanic areas (figs. 1
and 2).

The bulk of the investigated sequences is of Miocene Age. Although frag-
mentary, most of them overlap and together they span the entire Miocene
interval. These Miocene sections were studied in detail and form the basis of
the new zonal schemes (chapter 3, figs. 44 and 45) and the Miocene part of
the lineages (chapter 4, fig. 61 and chapter 5, figs. 64 and 65).

The study of non-Miocene material was necessary in order to complete
our knowledge of the taxonomy and the evolution of the genera Helico-
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Fig.1.  Location of the sample-sites. Dots represent closely sampled land sections and D.S.D.P.
cores. Circles represent localities from which individual samples were studied.



sphaera, Helio-discoaster and Eu-discoaster. The range-charts compiled from
the non-Miocene sections do not contain the ranges of the species of other
genera and the biostratigraphic position has been inferred from the data of
other authors who studied the same samples.

Legend of lithologic symbols
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1~ 1°| ooze T— T | ooze + -+ | ooze
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LITHOSTRATIGRAPHY AND BIOSTRATIGRAPHY

The lithostratigraphic and biostratigraphic descriptions of our sequences
have been grouped under the headings “Miocene material” and “non-Mio-
cene material”. The order followed for the presentation within each group
is: D.S.D.P. Sites, land sections, individual samples. A legend of lithological
symbols is given above.

Most of the land sections have been sampled along several traverses. These
traverses have been given a number and they are described as different sec-
tions when no apparent lithological correlation was possible in the field (e.g.
Falconara and Giammoia sections).
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MIOCENE MATERIAL

D.S.D.P. Sites

D.S.D.P. Site 369A, cores 1 to 13 (figs. 3, 4)

Site 369A is located on the continental slope off Cape Bojador. A detailed
lithological description has been presented by the shipboard scientific party
of the D.S.D.P. Leg. XLI (In. Repts. D.S.D.P. vol. 41, 1978). On the basis of
their description the investigated part of this site falls within the Nannofossil
Marl Unit (Unit 1) and contains parts of the Nannofossil Marl Subunit 1a
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and the underlying Siliceous Nannofossil Subunit 1b. The two subunits dif-
fer mainly in the abundance of siliceous fossils.

The planktonic foraminifera of cores 4 to 13 have been studied by Kras-
heninnikov and Pflaumann (In. Repts. D.S.D.P., vol. 41, 1978). They as-
signed these cores to the interval from the Globigerinoides primordius and
Globorotalia kugleri Zones (combined) to the Globorotalia peripheroacuta
Zone.

Bukry (In. Repts. D.S.D.P., vol. 41, 1978) studied the nannofossil associa-
tions of this site. According to this author, cores 1 to 13 belong to the inter-
val from NN1 to NN15.

@
@
-
o
~
aq

Fig. 3.  Location of the D.S.D.P. sites.
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The studied sequence was sampled at relatively close intervals of at least
one sample per coresection. All samples contained superbly preserved nan-
nofossil associations with a minimum amount of reworking.

The lowermost part of the sequence (samples 369A-79 through 369A-65)
is assigned here to the E. deflandrei and the E. druggii Subzones. The first
occurrences of H. ampliaperta, G. rotula and S. heteromorphus were rec-
orded in Sample 369A-64. The simultaneous first occurrences of these spe-
cies in conjunction with the absence of T. carinatus — a common species in
the preceding interval — and of S. belemnos led us to the assumption that a
hiatus is present between samples 369A-65 and 369A-64. This hiatus pos-
sibly ranges from the upper part of the E. druggii Subzone through the low-
ermost part of the H. ampliaperta Zone.

The interval from sample 369A-64 and up to sample 369A-3 contains all
the Subzones of the H. ampliaperta, S. heteromorphus and the E. exilis
Zones.
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Fig. 4. D.S.D.P. Site 369A; lithology, distribution of species and biczonation.
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A second hiatus, between samples 369A-3 and 369A-2, was indicated by
the simultaneous first occurrences of E. bellus, E. calcaris, E. hamatus and
M. convallis. This hiatus falls within the E. calcaris Zone. The uppermost
samples of the sequence (samples 369A-2 and 369A-1) contain nannofossil
associations typical of the E. pentaradiatus Subzone A.

D.S.D.P. Site 372, cores 4 to 45 (figs. 3, 5)
The investigated part of D.S.D.P. Site 372 (W. Mediterranean) consists
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of a 750-metre-thick sequence of nannofossil marls and clayey mudstones

with a very low, coarse terrigenous clastic admixture. On the basis of ship-
board observations (In. Repts. D.S.D.P. vol. 42, 1978) this part was divided

into three lithological units: Unit IT with gypsum and dolomitic nannofossil

marls ranging from core 4 through corc 9; Unit IiI consisting of nannofossil
marls to marlstones (cores 9 to 33); and Unit IV which consists of mud-
stones and nannofossil marlstones and spans the interval from core 33 to

core 46.
The nannofossil content of this site has been studied by Miiller (1978)

who placed the sequence within the interval represented by Zones NN1 to

Fig. 6.
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NN11. This author indicated a hiatus within core 9 ranging through Zones
NN9 and NN10.

Our investigation did not reveal the presence of a hiatus at any level of
this site. Furthermore, all samples of core 4 contained common H. walbers-
dorfensis and rare R. floridana, indicating the presence of the H. intermedia
Subzone (nearest equivalent of upper NN6) in the uppermost part of the in-
vestigated sequence. The section ranges as low as the E. deflandrei Subzone.

D.S.D.P. Site 231, cores 29 to 57 (figs. 3, 6)

D.S.D.P. Site 231 is situated in the Gulf of Aden, South of the Sheba
Ridge and 70 km north of the Somalia Coast. The investigated cores of this
site constitute a 275-metre-thick succession of greyish to olive-green nanno-
fossil ooze. The whole succession falls within the lithological Unit 5 as de-
fined in the D.S.D.P. shipboard report (In. Repts. D.S.D.P., vol. 24, 1974).

The planktonic foraminiferal zonal assignments in the same D.S.D.P. re-
port were based on the observations of Vincent et al., 1974. Cores 50 to 45
— which are also included in our study — were placed by these authors with-
in the interval from N14/N13 to N17/N16.

The average sample distance in the studied part of site 231 is 2.5 m. All
samples yield slightly etched nannofossil assemblages which explains their
high discoaster content and the relatively low numbers of dissolution-prone
helicospheres.

The calcareous nannofossils from this site have been studied by Roth
(In. Repts. D.S.D.P., vol. 24, 1974) who based his zonal assignments for the
Miocene on the zonations of Bukry (1971, 1973) and Bramlette and Wil-
coxon (1967).

Our investigation produced results comparable to those of Roth. The sec-
tion has been assigned to the interval from the E. kugleri Subzone through
the C. leptoporus Zone and contains the complete succession of subzones
described for this interval in the Integrated Miocene Zonation.

D.S.D.P. Site 219, cores 8 to 14 (figs. 3, 7)

Site 219 is located on the crest of the Laccadive-Chagos Ridge to the
North of the Maldive islands. Only cores 8 through 14 were selected for our
study because they are the only part of this site that contains sediments of
Miocene Age. Cores 8 through 12 belong to lithological Unit I (Detrital clay-
rich nannofossil ooze) whereas cores 13 and 14 constitute Unit II consist-
ing of foraminiferal ooze with thin intercalations of foraminiferal chalk (In.
Repts. D.S.D.P., vol. 23, 1974). The change in lithology from Unit I to Unit
II is marked by an abrupt change of colour from grey to white, by a sudden
increase in the number of foraminifera and by the total disappearance of
detrital elements.
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H.obliqua
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Cores 8 to 14 have been assigned by Fleischer (In. Repts. D.S.D.P., vol.
23, 1974) to the interval represented by the planktonic foraminiferal zones
N7 to N18. Two hiatuses, one corresponding to Zone N9 and the other cor-
responding to zones N11 through N16, were detected by this author at the
tope of core 13.

The nannofossil content of site 219 has been studied by Boudreaux (ln.
Repts. D.S.D.P., vol. 23, 1974). Although our results concerning the total
range of the studied interval are comparable with those of that author, we
disagree about the number of zones present within this interval.

Cores 13 and 14 fall within the H. ampliaperta Zone and the H. obliqua
Subzone of the Integrated Miocene Zonation which together are nearly
equivalent to the H. ampliaperta Zone of Bramlette and Wilcoxon. Thus no
equivalent of the S. heteromorphus Zone of Bramlette and Wilcoxon is pre-
sent in cores 13 and 14, which conclusion is in contrast to the observations
of Boudreaux. Furthermore, the simultaneous first occurrences of Amauro-
lithus species, E. bellus, E. quinqueramus, and R. rotaria in the lowermost
sample of core 12 indicate a considerable hiatus between this core and the
underlying one. All samples above this hiatus yield assemblages typical for
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the R. rotaria and C. leptoporus Zones of the Integrated Miocene Zonation
both of which are comparable to the upper part of the E. quinqueramus
Zone of Gartner.

LAND SECTIONS

Sicily (fig. 8)

SCARDILLI
I

PUNTA DI
MAIATA GiaMmolaY, ~ TMINEO

Ay FALCONARA

“ scic

Fig. 8.  Location of the sections on Sicily.

The Giammoia sections (fig. 9)

A sequence of Miocene sediments which is a few hundred metres thick is
exposed along the slopes of the Monte Giammoia at about one kilometre to
the West of the highway Piazza Armerina — Passo di Piazza.

0
—

Fig. 9.  Location of the Giammoia sections.
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The entire sequence consists of homogeneous brownish-grey marls with
thin intercalations (10—50 cm each) of laminated brown clays. The number
of clayey intercalations increases in upward direction in the section; they
form the dominant feature of the uppermost 90 metres.

The planktonic and benthonic foraminifera of parts of the Giammoia se-
quence have been studied by Zachariasse and Spaak (1983) and by Van der
Zwaan and Den Hartog Jager (1983).

The Giammoia sequence was sampled in three sections — Giammoia 1, 2
and 3 — with no apparent lithological correlation in the field.

Giammoia 1 (fig. 10)

This is the lowermost part of the Giammoia sequence consisting of at least
23 metres of brownish grey marls. The section is underlain by a chaotic mix-
ture of several lithotypes referred to as “Argille Scagliose” in the Italian liter-
ature.

The section ranges from the H. vedderi Subzone to the H. perch-nielsenae
Subzone. The T. milowii Zone was not recorded in this section, but this zone
might be present in a poorly exposed — and therefore not sampled — interval
of several metres between samples CP3602 and CP3603.
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Fig. 10, Section Giammoia 1; lithology, distribution of species and biozonation.

19



Giammoia 2 (fig. 11)

This section represents the middle part of the Giammoia sequence. It con-
sists of a 96-metre-thick succession of marls with a few intercalations of lam-
inated, brown clays in its lower part. The laminated intervals increase in
number and are closer spaced in the top part of the section.

Giammoia 2 ranges from the E. musicus Subzone to the E. bellus Sub-
zone. A biostratigraphic gap occurs between the top of the underlying Giam-
moia 1 and the base of Giammoia 2. The gap corresponds to the H. waltrans
Subzone.
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Fig.11. Section Giammoia 2; lithology, distribution of species and biozonation.
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Giammoia 3 (fig. 12)

The uppermost part of the Giammoia sequence is represented by the sec-
tion Giammoia 3. This section consists of 88 metres of marls alternating with
closely spaced laminated brown clays. The section ranges from the E. kugleri
Subzone to the C. pelagicus Zone.
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Fig. 12. Section Giammoia 3; lithology, distribution of species and biozonation.

Section Mineo (figs. 13, 14)
The section is exposed along the road Mineo-Palagonia to the East of the

village of Mineo. It consists of nearly 19 metres of clayey marls and marly
clays. The whole section falls within the E. musicus Subzone.

Section Scicli (figs. 15, 16)
The section is exposed in a clay-pit in the outskirts of the village of Scicli.
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It consists of greenish-grey marls with a few intercalations of laminated
brown clays.

The section Scicli ranges from the H. walbersdorfensis Subzone up to the
C. pelagicus Zone. A normal fault, between samples CP4610 and CP4501,
has created a biostratigraphic gap that ranges from the E. bellus Subzone to
the E. pentaradiatus Subzone.

Fig. 13. Location of the section Mineo.
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Fig. 14. Section Mineo;lithology, distribution of species and biozonation.
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The Falconara sections (fig. 17)

The sections Falconara 1 and 2 are complementary and overlapping parts
of a 130-metres-thick Miocene sequence which is exposed along the southern
slope of the Monte Cantigaglione at about 5 km NW of the Castello di Falco-
nara in SW Sicily, This sequence consists mainly of blue-grey clays to clayey
marls with regular intercalations of brown, sometimes laminated clay beds of
varying thicknesses. Within the uppermost 30 metres of the sequence the
homogeneous sediments become more calcareous, whereas laminated inter-
vals are represented mainly by diatomites. The sequence is overlain by the
“Calcare di Base” limestones.

The planktonic foraminifera and calcareous nannofossils of the upper part
of the Falconara sequence -- roughly corresponding to our Falconara 2 sec-
tion — have been studied by Colalongo et al., 1979. These authors proposed
the section as the Tortonian/Messinian boundary stratotype.

Quantitative and isotopic studies of planktonic and benthonic foramini-
fera from the upper part of the Falconara sequence have been carried out by
Van der Zwaan (1979 and 1982). The samples studied by that author have
been used in our study too and form the set of samples of Falconara 2.
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P: delié Dueroche
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Fig.17. Location of the Falconara sections.

Falconara 1 (fig. 18)

This section contains the lower 70 metres of the total sequence and ranges
from the E. kugleri Subzone up to the C. pelagicus Zone. A fault between
samples JT3069 and JT3068 has resulted in a biostratigraphic gap equivalent
to the E. bollii Subzone.
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Fig.18. Section Falconara 1; lithology, distribution of species and biozonation. This section was
sampled along two traverses {CP- and JT-samples) with lithological correlation.

Falconara 2 (fig. 19)
The sampling of this section was started at about 70 metres below the top
of the entire sequence. It ranges from the G. rotula Subzone up to the C.

leptoporus Subzone MA.
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Section: Falconara 2  (Sicily)
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Fig.19. Section Falconara 2;lithology, distribution of species and biozonation.

Section Scardilli (figs. 20, 21)

This section is located about four kilometres west of the Casa Scardilli and
nine kilometres north-east of the Dittaino railway station; the section is near
the road between this railway station and the village of Agira.

The benthonic formaminifera of this section have been studied by Van der
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Zwaan and Den Hartog Jager (1983). Our study of this section was based on
the same set of samples.

The lowermost sampled part of the section (18 metres) consists of alter-
nating sand and clay beds varying in thickness from 25 to 40 cm. The sand
beds often exhibit a cm-scale cross lamination.

On top there are 25 metres of bluish to greenish-grey, silty clays.

The next higher unit consists almost entirely of sands with thin intercala-
tions of clays. This sand unit has a thickness of nearly 85 metres of which
the uppermost 20 metres are not well exposed.

The sand unit is overlain by 22 metres of dark-grey clays. A thin interval
of diatomite beds has been observed at the top of these clays.

The section Scardilli can be assigned to the interval from the G. rotula
Subzone to the C. leptoporus Subzone MA.

IScardilli
" SCARDILLI

o
Dittaino

Fig. 20. Location of the section Scardilli.

Gozo (fig. 22)

Section Reqqa Point (figs. 22, 23)

The Reqqa Point section is exposed along the cliffs of the northern coast
of the Island of Gozo at about 2.2 km to the west of the village of Marsal-
forn. It consists of nearly 30 metres of compact, yellow marls to marly lime-
stones and it contains two hardgrounds with a dark brown colour. The sec-
tion belongs to the Globigerina Limestone Formation (Felix, 1973).

The section ranges from the E. deflandrei Subzone to the H. waltrans Sub-
zone. The lower hardground (between samples MT718B and MT721) coin-
cides with a hiatus corresponding to the H. vedderi Subzone. The upper
hardground horizon corresponds to a hiatus equivalent to the H. obliqua and
E. signus Subzones.
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Section Marsalforn (figs. 22, 24)

The section is exposed in the cliffs along the beach of the village of Mar-
salforn (northern coast of Gozo).

The lower 21 metres of the section consist of yellow, homogeneous marls
with some intercalations of compact marly limestones. Near the base of this
part and, above the level of sample MT744 there is an interval nearly one
metre thick with hardgrounds. The marls are overlain by a few metres of
blue-grey clays (samples MT771 to MT774). The transition from the yellow
marls to the blue clays is marked by an interval of greyish marls. The marly
part of the section belongs to the Globigerina Limestone Formation, and the
clayey part to the Blue Clay Formation (the reader is referred to Felix, 1973
for detailed lithological descriptions of the formations).

The section ranges from the H. ampliaperta Zone to the E. musicus Sub-
zone. The hardground interval coincides with a hiatus corresponding to the
H. obligua and the E. signus Subzones.

Malta (fig. 22)

Section Ras Il Pelegrin (figs. 22, 25)
The section has been studied by Felix (1973) whose samples have been
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Fig. 22. Location of the sections on Gozo and Malta. The sections Reqqa Point and Marsalforn are
composite sections with lithological correlation.
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used in our investigation. The section is exposed along the cliffs of the local-
ity Ras Il Pelegrin on the west coast of Malta and at about 2.3 kilometres to
the South-west of the village of Mgarr.

The lowermost 23 metres of the section consist of yellow homogeneous
matls (Globigerina Limestone Formation) and contain two closely spaced
hardground horizons near the base of the section.

The next higher unit belongs to the Blue Clay Formation and consists of
38 metres of bluish-grey, homogeneous clays. Above there are 6 metres of
glauconitic sand (Greensand Formation).
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Fig. 23. Section Reqqa Point; lithology, distribution of species and biozonation,
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Fig. 24. Section Marsalforn; lithology, distribution of species and biozonation.

The section ranges from the H. ampliaperta Zone to the H. orientalis Sub-
zone. The two hardground horizons in the section correspond to a hiatus
from the H. ampliaperta to the E. signus Subzone.

Section Gnejna Bay (figs. 22, 26)

The section consists of 50 metres of bluish-grey clays belonging to the
Blue Clay Formation (Felix, 1973). It is exposed along Gnejna Bay on the
West coast of Malta and at about 3 kilometres to the West of the village of
Mgarr,

The section has been assigned to the interval from the E. musicus Subzone
up to the H. orientalis Subzone.
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Zakynthos

Section Limin Kieri (figs. 27, 28)

The planktonic and benthonic foraminifera of this section have been stud-
ied by Dermitzakis (1978), who also gives a detailed lithological description.
The section is exposed along a small coastal cliff to the south-west of the bay
of Limin Kieri on the southern coast of Zakynthos.

The sampled part of the section is only part of that described by Dermit-
zakis and consists of 6.5 metres of bluish- to greenish-grey clays with three
distinct bituminous clay beds in its lower part. The section contains the E.
hamatus and the E. pseudovariabilis Subzones.

Cape Skinari 0 12km.
—i

Cape Marathia

Fig. 27. Location of the section Limin Kieri.
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Crete (fig. 29)
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Fig. 29. Locations of the sections on Crete.

Section Vasiliki (figs. 29, 30)

The section is located in the outskirts of the village of Vasiliki in the Iera-
petra province (Eastern Crete). It consists of 21 metres of grey, silty clays
with a few intercalations of thin sand seams.

The section ranges through the E. bellus and the E. hamatus Subzones.

Section Skouloudhiana (figs. 29, 31)

The section is located in western Crete near the village of Skouloudhiana
and has been included in the magneto-biostratigraphic study of Langereis,
Zachariasse and Zijderveld (1984). The samples used for our investigation are
the same as the ones used by these authors.

The section consists of a 42-metre-thick succession of blue-grey homoge-

34



M Section: Vasiliki (Crete} T

T "
= 8 .
258 Zonation
%3 1} =
o3 < 5% 3
> al s 3 = S ag @&
g |E|8 3% £ & 3 N |
o 518 28 8 & © 3 % 3
S (S| 8.8 g > 5 LR
£ gy < & &
£ ; g§o8 § S et 2
5 2388, 3L BES £8%¢
~ |z | 3EE8% 8858 §EE8 8
O] 2733 s8¢ gaf;r 3% 2L £3 Subzone Zone
283 ge 3 3
SEGT3TIRETEOSES3TRELET e
E g
JoSQunuyuwdsIrrrIECGdaR s
N 1 7 i ﬂ—ﬁ
— — - — (2960 I , | )
- = 1 [
— — 2955 ]
- - - |
- - 'l
T = -] [
12950
- = ) )
— ' 1 E. hamatus
[2945
| [ E. calcaris
2940 I
1
) ) ]
2935
; I ’ ,
5 - |-2939) | | L__
l B
- 2928 £. bellus
IR ' 1
0 | 2921 . | J

Fig. 30. Section Vasiliki; lithology, distribution of species and biozonation.

neous clays in which several ferruginous layers can be observed. A thin bed
of brown, laminated clay is present at the levels of sample KSP10.
The section ranges through the C. pelagicus and A. primus Zones.

Section Kastelli (figs. 29, 31)

The section is exposed near the village of Kastelli in central Crete. This
section has been studied by Langereis, Zachariasse and Zijderveld (1984) too
and we used the same set of samples in our study. It consists of 53 metres of
grey clays with several, irregularly spaced, ferruginous layers. Near the level
of sample KT50 a brown laminated interval is observed.

The section Kastelli spans the interval from the C. pelagicus Zone through
the R. rotaria Zone.
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Java

Section Solo-River (fig. 32)

The section is exposed along the Solo river valley in central Java. Data on
the geology and stratigraphy of that area can be found in Van Bemmelen
(1949), Marks (1957) and De Genevraye and Samuel (1972). The biostrati-
graphic position of the section derived on the basis of the planktonic fora-
minifera has been discussed by Van Gorsel and Troelstra (1981). The sam-
ples of these authors from the lower part of the section have been incorpo-
rated in our study. The studied part of the Solo-River section corresponds to
the interval from the G. rotula Subzone (Zonule b) to the C. leptoporus Sub-
zone B.
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Individual samples (fig. 33)

Samples from Trinidad

These samples belong to the Cipero and Lengua Formations from the type
localities of the Miocene zones introduced by Bramlette and Wilcoxon
(1967). The samples represent all zones from the 7. carinatus Zone to the E.
hamatus Zone of these authors. The biostratigraphic position of each of
these samples in terms of the Integrated Miocene Zonation is given in figure

33.

Samples from the Paratethys

A small number of samples from Hungarian localities have also been stud-
ied. The geographical and biostratigraphic position of these samples is pre-
sented in figure 33.
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Biostratigr. Sample Geographic position
position
Pleistocene 154A—6-1 154A-sample:  DSDP Site 154A
(CN13-CN14) 206—-7—-1 (Colombian Basin)
Pleistocene 397-15-3 206-sample: DSDP Site 206
(CN13) (Tasman Sea)
Miocene TR23422 397-sample: DSDP Site 397
(E. bollii S.) (Cape Bojador)
TR-samples: Trinidad
Miocene TR355 TK-samples: Tekeres borehole
(E. kugleri S.) (Hungary)
Miocene TK1 DR-samples: Dregelypalank
(E. musicus S.) TK5 (Hungary)
TR202 NB-samples: Nagiborzsony
(Hungary)
Oligocene TR291 PL-samples: Calabria
(CP19) DR3 (S. Italy)
DR5
NB1 WEPCO- and UM- samples: Umbarca
NB2 (Egypt)
Oligocene PL24
(CP16-CP19) PL25
Oligocene PL18
(CP16) PL24

Eocene-Oligocene
(CP13-CP19)

WEPCO2500-2530
UM2000—-2010
UM2990—-3000
UM3070—-3100

Legend
S.: Subzone
CP-code numbers: after Okada and Bukry (1980)

Fig. 33. Biostratigraphic and geographical position of individual samples.

NON-MIOCENE MATERIAL

Sections Nahal Avdat, Caravaca and Aspe (figs. 34—37)

The reader is referred to Romein (1979) for lithological descriptions,
range charts and literature concerning these sections. The samples studied
here are the same as the ones used by that author.

According to Romein, the combined range of the sections Caravaca and
Aspe falls within the interval from the B. sparsus Zone (Romein, Lower
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Fig. 34. Location of the sections Nahal Avdat (Israel), Caravaca and Aspe (Spain) (after Romein,
1979).

39



Paleocene) to the N. fulgens Zone (Romein, Middle Eocene). Section Nahal
Avdat has an identical lower limit but its uppermost part falls within the H.
sublodoensis Zone.

All three sections contain fairly well preserved discoaster associations and
were useful in the reconstruction of the discoaster lineages.
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Fig. 35. Section Nahal Avdat; lithology, distribution of helicoliths, discoasters and biozonation. The
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Section : Caravaca
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Fig. 36, Section Caravaca; lithology, distribution of helicoliths, discoasters and biozonation. The
lithology and the zonal assignments are after Romein (1979).

Koufounisi Island (S.E. of Crete)

Section Papaloukous (ftig. 38)

The planktonic foraminifera and the calcareous nannofossils from this
section have been studied by Dermitzakis and Theodoridis (1978). The sec-
tion comprises 23 metres of cream-coloured homogeneous marls with several
intercalations of brown, laminated beds of clay. It corresponds to zones
NN13-NN15 and it contains well-preserved Pliocene associations of dis-
coasters and helicospheres.

Sicily (fig. 8)
Section Capo Rossello (figs. 39, 40)
The section consists of 40 metres of white calcareous marls (Trubi) and it
is underlain by grey clastic sediments (Arenazzolo). An interval nearly 8

metres thick with finely laminated diatomites occurs about 27 metres above
the base of the Trubi. This interval has been used by Zachariasse et al.
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Fig.37. Section Aspe; lithology, distribution of helicoliths, discoasters and biozonation. The
lithology and the zonal assignments are after Romein (1979).

(1978) for the exercise in counting methods and techniques carried out on
various microfossil groups, within the framework of the “Accuracy in
Time” Project.

Sampling of this section was terminated approximately 5 metres above the

highest diatomaceous bed.
The section corresponds to the lower 40 metres of the Capo Rossello sec-

tion of Spaak (1983) who has studied the planktonic foraminifera, but we

used a different set of samples.
The Capo Rossello section is assigned here to the C. leptoporus Subzone

MC.

42



F Section : Papaloukous ( Koufonisi )
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Fig. 38. Section Papaloukous; location of the section, lithology, distribution of selected species and
biozonation.

Section Punta di Maiata (figs. 39, 40)

The discoaster associations of this section have been studied by Driever
(1981). Spaak (1983) studied the planktonic foraminifera using the same set
of samples as Driever.

The section consists of approximately 30 metres of white marls (Trubi)
overlain by nearly 70 metres of grey marls of the Monte Narbone Formation.
Part of our section overlaps with the lower 70 metres of the Punta di Maiata
section of Driever and Spaak, but our investigation was carried out on a dif-
ferent set of samples. The Punta di Maiata section ranges from the C. lepto-
porus Subzone MC to the E. brouweri Zone of Bukry.
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Fig. 39. Location of the sections Capo Rossello and Punta di Maiata.

Egypt
Umbarca (fig. 33)

This set of samples consists of cuttings from the “Umbarca” borehole in
Egypt; all samples contain a mixture of Oligocene and Eocene nannofossil
associations — contaminated possibly by caving. Despite their dubious bio-
stratigraphic position the samples were useful as they contained highly di-
verse and well-preserved associations of helicospheres and discoasters.

Calabria (fig. 33)

A small number of samples from Calabria (S. Italy) were incorporated in
our study because of their diverse content of helicospheres and discoasters.
These samples were collected about 10 kilometres to the North of Capo
Spartivento. They belong to zones CP16 to CP19.
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Chapter 3

BIOZONATION

INTRODUCTION

Nearly all biozonal schemes (figs. 41, 42) currently in use for the subdi-
vision of the Miocene are based on data which can be traced back to the
zonations of Bramlette and Wilcoxon (1967) and Gartner (1969). The incor-
poration of these data in one comprehensive scheme by Martini and Worsley
(1970) resulted in a zonation which is still in use in an almost unaltered
form. The most thorough contribution to our knowledge of the Cenozoic
biostratigraphy since the “standard” zonations of Martini and Worsley
(1970) and Martini (1970) comes from the compilations of Bukry (1973 and
1975). The latter author introduced a very refined subdivision of the entire
Cenozoic, but the Miocene part of his zonation (in terms of zones and zonal
markers) is nearly identical to the previous zonations.

B Zonation Zones ;ecognizaUe B
L {Bukry 1975) in the Mediterranean sections
Zone Subzone Index species Subzone Zone 4
C. acutus *
C. tricorniculatus| T. rugosus —
 E— E. quinquarsmus t
C. primus
D. quinqueramus\-~————————— A. primus »

D. berggrenii
D. neorectus

D. neohamatus |

E. nsorectus *

D. bellus £ 1
E— —— . hamatus —
C. calyculus
D. hamatus - E. calyculus + D. hamatus
LH. carteri £
= h * S

| D. kugleri £. coalitus +
. exili E. kugleri
C. miopelagicus -
hus T

S. heteramorpi
S. heteromorphus -

S. heteromorphus

H. tat

piap

H. ampliaperta

H. ampliaperta

S. belemnos e
L D. druggii -
T. carinatus E druggii *
D. deflandrei
C bi /S Acme T -

* First occurrence 1 Lest occurrence

Fig. 43, The recognizability of the conventional biozonal schemes in the Mediterranean sections is
demonstrated in this figure. Bold letters indicate index species that are absent, atypical or
extremely rare in the Mediterranean region. The names of the index species have been mod-
ified to comply with the nomenclatural changes in this paper.
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Originally we did not intend to question the applicability of the estab-
lished biozonal schemes. The study of the Mediterranean sections and
D.S.D.P. cores, however, was largely impeded by the lack of the conven-
tional zonal markers (fig. 43). Eventually the creation of a new “Mediter-
ranean Miocene Zonation” (fig. 44) was unavoidable.

A weakness of the new zonal scheme is the fact that several new, emended,
or hitherto neglected species have been used as datum-level-indicators. We

Other Zonations Mediterranean Miocene Zonation
Epoch Stages
Martini & Okada & Zone Subzone Datum - level indicators
Worsley (1370)| Bukry (1980) - -
PLIO- . rugosus
ceng | TABIANIAN 17 on12 [ eN10 ab C. leptoporus MC
C. leptoporus C. leptoporus MB | BARREN INTERVAL
MESSINIAN C. leptoporus MA
- R. rotaria t
NN 1 CN 9 R. rotaria
””””” b - R. rotaria *
A. primus
- Amaurolithus spp.™*
a C. pelagicus
M. convallis T
TORTONIAN | . | % b~ G- rotula E mi tus*
. misconceptus
NN 10 N8 a | M convallis E. pentaradiatus
E hsmatus t
b E. pseudovariabilis -
NN 9 CN 7 M. convallis *
a E. hamatus
————— E. calcaris E. hamatus *
E bellus - :
NN 8 CN 6 E. calcaris* E. bellus
E bollii -
] H. walberdorfensis t
E. kugleri
ug z NN 7 La » g R. floridana t
5 < E exilis H. intermedia ,
3 H. stalis *
> NN 6 CN5 H. orientalis - —
b H. orientalis*, S. fragilis *
[+ H. walbersdorfensis
A S. heteromorphus T
E. musicus
H. waltrans T
NN 5 CN 4 H. waltran:
H. perch-nielseni: t
S. heteromorphus | H. perch-niel: -
,,,,,, H. ampliaperta t
E. signus
- E signus *
LANGHIAN NN 4 CN 3 H. obliqua —
E. exilis *
______ H. ampliaperta S. heteromorphus *
NN 3 CN2 T. milowii
_______ G. rotula *
BURDIGALIAN H. vedder:
NN 2 ¢ T cari H. ampliaperta *
. carinatus E. druggii
_______ CN1 [ E defiandrel E druggii *
b . “(Bukry)
oriGo A—OL—JIIAE‘ l—A rj NN 1 Y R. atisecta Acme
LIGO
OISO CHATTIAN a N
* First occurrence T Last occurrence

Fig. 44. Boundary definitions of the zones and subzones of the “Mediterranean Miocene Zonation”,
The Tortonian/Messinian boundary is set here at the level of F.O. of R. rotaria which nearly
coincides with the F.O. of the Globorotalia conomiozea group (see also Langereis, Zacha-
riasse and Zijderveld, 1984 ). The position of all other stage boundaries is based on data from
Haq (1984).
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hope, however, that the presented descriptions and pictorial documentation
will compensate for this shortcoming.

A second problem may arise in respect to the names given to the subzones
and zones. Many of the names have been used already for completely differ-
ent zones. Obviously, this is a consequence of the limited number of suitable
names. In order to avoid confusion every previously used zonal name is men-
tioned in the text and in the figures with the name(s) of the original au-
thor(s).

Our new Mediterranean Miocene Zonation was applied to closely sampled
D.S.D.P. cores which contained both the new and the conventional markers.
The D.S.D.P. Sites 369 (cores 1 to 13), 231 (cores 29 to 57) and 219 (cores
8 to 14) proved to be suitable for this part of the investigation. This helped
us to determine the position of the Mediterranean Miocene biohorizons rela-
tive to those employed in the conventional zonations. Intermingling of the
conventional datum levels with those introduced here for the Mediterranean
sections led to finer subdivisions of some intervals.

The results led to the composition of an “Integrated Miocene Zonation”
(fig. 45) which might be useful for correlations of middle latitude Miocene
sections. It will be evident that the Integrated Miocene Zonation is based on
a mixture of cosmopolitan and provincial datum levels. The provincial datum
levels are used here only for subzonal subdivisions. This was prompted by
the need to avoid zonal hiatuses introduced artificially by the absence or the
sporadic occurrence of the provincial markers.

COMPARISON BETWEEN THE TWO BIOZONAL SCHEMES

The “Integrated Miocene Zonation” and the “Mediterranean Miocene
Zonation” are identical in number and names of zones, but they differ in the
number of smaller subdivisions.

More precisely, the T. martinii and S. belemnos Subzones are not applica-
ble in the Mediterranean area and, therefore, are presented only in the “Inte-
grated Miocene Zonation”. The same applies to the zonules to which the E.
pseudovariabilis and the G. rotula Subzones have been subdivided. On the
other hand, the C. leptoporus Zone of the “Mediterranean Miocene Zona-
tion” is subdivided into three subzones (MA, MB and MC) that can only be
used in the Mediterranean area. The same zone appears, in the Integrated
Miocene Zonation, with two different subzones (A and B). The upper
boundary of the C. leptoporus Subzone A falls possibly within the C. lepto-
porus Subzone MB.

The reader is referred to figures 44 and 45 for differences in the datum-
level indicators used in the two zonal schemes.

49



Other Zonations Integrated Miocene Zonation
Epoch Stages
Martini & Okada & Lo
Worsley (1970) Bukry {1980) Zone Subzone Datum-level indicators
PLIO- C. rugosus*
CENE TABIANIAN NN 12 CN10 a/b C leptoporus B - T
————— C. leptoporus C. acutus*E. quinqueramus’.T. rugasusJr
C. leptoporus A -
MESSINIAN R. rotariat
b | R rotaria R —
—————— . rotaria
NN 11 CN9 A. primus -
Amaurolithus spp.*
C. pelagi
a pelagics M. convallis t
b
G. rotula _< E. quinqueramus *
b
TORTONAN | | ong ] E fiatus’, E. misconceptus®
a | M. convallis E. pentara - i - P
diatus E h t
b
- E. pseudo - 3 »
NN 9 oN7 variabils E. pentaradiatus
a M. convallis*
) E. hamatus
—————— E. calcaris E h tus *
E. bellus -
NN 8 CN 6 E. calcaris® E. bellus*
E. bollii -
H. walbersdorfensist E k"gﬁf i1,
NN 7 b E. kugleri - . coalitus
g z — " E. kugleri® R. floridana t
] 5 £ exlis H. intermedia -
8 < CNS H. stalis*
= z NN & a H. orientalis o
z H walbers- . orientalis
% dorfensis S. heteromorphus 1
E. musicus
H. waltrans
NN & CN 4 H. waltrans
o
S. hetero- H, perch - H. perc 1
77777 morphus | __mielseniae " 11 5paniiaperta t
E signus -
E. signus*
LANGHIAN NN 4 CN 3 H. obliqua —
E. exilis *
H. ampliaperta
————— S. heteromorphus* S. belemnos 1
NN 3 belemnos
CN 2 T. milowii T car/nalust S. belemnos*
***** T. martinii
BURDIGALIAN G. rotula*®
NN 2 ¢ H. vedderi -
H. ampliaperta *
CN1 T. carinatus E. druggii —
_____ — E deflandrer E. druggii® T. martinii %
AQUITANIAN b . (%uigy)rer
OGO~ = = NN 1 R. abisecta Acme T
CENE | CHATTIAN a
#* First occurrence 1 Last accurrence
Fig. 45. Boundary definitions of the zones, subzones and zonules of the “Integrated Miocene Zona-

tion” (see also the legend of fig. 44).

BIOSTRATIGRAPHIC PROBLEMS RELATED TO THE
MEDITERRANEAN MIOCENE

Early zonations devised particularly for the Mediterranean Miocene were
rough and partial (fig. 46). Cati and Borsetti (1970) introduced several zones
based on discoaster assemblages. The species used, however, are possibly pre-
servational morphotypes of long-ranging discoasters such as E. variabilis, E.
exilis and E. brouweri.
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Schmidt (1973) presented a zonation for the Neogene of the southern
Aegean area. He divided the interval Middle to Upper Miocene into three
zones, but these zones are hard to recognize as they are defined either on the
basis of “preservational’ species such as E. aulakos and E. divaricatus or spe-
cies such as E. quinqueramus, which is rare in the Mediterranean area, if not
absent.

Stradner (1973) used the standard nannofossil zonation of Martini (1971)
for his age determinations of the D.S.D.P. Leg 13. He admitted, however,
that the “assignments of Miocene assemblages to a certain Zone was compli-
cated by the lack of some index species” and mentioned E. coalitus (= C.
coalitus) as one of them. Cita (1973) who summarized the results of Strad-
ner offered some indirect evidence about the possible absence of E. quinque-
ramus. She implied that the E. quinqueramus Zone was not determined by
the presence of the nominal index species but by the position of this zone —
in the deep sea sequences — in relation to the E. calcaris and C. tricornicu-
latus Zones. The assignment by Martini (1971) of the type Tortonian to the
E. hamatus and E. calcaris Zones provided a ““logical” basis for assuming that

Martini &
Worsley, Cati & Borsetti, . Ellis & Lohman,
1970 1970 Schmidt, 1973 1979
NN 12
D. quingueramustl — — — — ? R D.quing H e D. quingueramus T
abi . quinqueramus| A. primus S.
NN 11 D. variabihs | T EETEEEEES | A AR — - S globulata®
D. quingueramus¥ |~ — Zone _ D. variabilis % Zore D.qui | 0 berggreniiS. | p. neohamatust, D, bellust,
D. pentaradiatus| D. pentaradiatus | D. neorectus §. |~ D loeblichi t
NN 10 Zone D diat ane . pentaradiotus®| 0. boiiss 5. | bolii ¥
_____ . - ——_1p Z . 3 "
1o a 1 O. phyllod pentaradiatu; 0. aulakos pgnaar:akosu; ——————— D. calcarist, D. pentaradiatus »
¥ - . aul
NN 9 I Zone_ _ 1D, phylioduss | divaricatus Z. | D.divaricatus P| D. hamatus Z.
D. h L D. neohamatus *, D. calcaris »
NN 8 C coalitus Z.
C. coalitus * D. challengerr | L 1 D. kuglerit, D. moorei T
NN 7 mediterraneus D. kugler S.
1 0. kugleri ® Zone D. kugleri %
NN 8 C. miopelagicus
————S. heteromorphust| o ] b chattengen s S. heteramorphus
. aulakos
NN S ‘;‘; oo S. heteromorphus
H. ampliaperta t |~~~ ‘1 D. aulakos ¥ Z. H. liapertat, D. deflandrer A 1
NN 4 H. ampliaperta
Z.
S. belemnos t S. he hus
D. trinidadensis S bel 7
NN 3 Zone . belemnos
—————— 2
NN 2
————— ?
NN 1 }»
»  First occurrence T Last occurrence P presence A  Acme Z Zone S Subzone

Fig. 46, Early nannofossil zonations for the Mediterranean Miocene.
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the Messinian evaporitic succession corresponded to the E. quinqueramus
Zone.

Barbieri and Rio (1974) in their study of the nannofossil content of the
clay intercalations in the gypsum series reported the presence of E. quin-
queramus. Nevertheless, the single specimen they depicted (pl. 1, fig. 14) is
atypical and resembles an asymmetrical E. bellus rather than the characteris-
tic E. quinqueramus such as observed in typical associations of the species in
extra-Mediterranean areas.

More evidence about the absence of some Miocene index species from the
Mediterranean is provided by Bizon and Miiller (1979). More specifically, T.
carinatus and E. quingueramus are mentioned as rare or missing.

Miller (1978) mentioned having used successfully the standard nannofos-
sil zonation of Martini (1971) by basing her zonal assignments on the whole
assemblages and not on the presence of the index species, most of which ap-
peared to be too scarce or missing. In her introductory description of the
zones, T. carinatus, S. belemnos, E. codlitus, E. hamatus and E. quinque-
ramus are reported as extremely scarce or absent, whereas E. kugleri is men-
tioned as atypically developed. Similar statements were made by Miiller, in
Bizon and Miiller (1979).

Moshkovitz and Ehrlich (1980) who studied the Neogene nannofossil
associations from the Jaffa-1 borehole (Israel) also discussed the sporadic
occurrence or absence of T. carinatus, E. druggii, S. belemnos, E. coalitus
and E. hamatus. Furthermore they mentioned the difficulty they had in
recognizing E. kugleri.

We experienced comparable difficulties when we tried to apply the con-
ventional zonations to the Mediterranean sections and D.S.D.P. cores (the
reader is referred to the preceding chapters); of all zones presented in the
conventional zonal schemes of Martini and Worsley (1970) and Bukry (1973,
1975) only the S. heteromorphus Zone is easily recognizable in the Mediter-
ranean area, as both of its zonal markers are abundantly present (fig. 43).
The identification of the E. hamatus Zone is more problematical because of
the sporadic, but nevertheless consistent, occurrence of E. bellus below and
above the range of E. hamatus. The recognition of this zone however is only
possible if we confine our species concept of E. hamatus to typical penta-
radial forms with clearly bent arm tips and without birefringence. All other
zones can only be inferred on the basis of their position relative to the S.
heteromorphus and E. hamatus Zones. Species such as S. belemnos and T.
carinatus were extremely rare and sporadic, whereas the typical forms of E.
kugleri, E. coalitus, E. calyculus and E. quinqueramus were entirely absent.
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Atypical forms of the latter four species could best be assigned to preserva-
tional morphotypes of E. deflandrei, E. musicus and E. bellus respectively.

Special attention should be paid to the biostratigraphic studies of the east-
ern Mediterranean region by Ellis (1979) and Ellis and Lohman (1979). In
both studies the zonations are based on the low latitude zonation of Bukry
(1973, 1975}, but some modifications of the original scheme are also intro-
duced.

An advantage of their zonation is that it includes as datum levels the first
occurrences of E. exilis and E. calcaris. Both species have continuous ranges
and their first occurrences are not obscured by preceding homeomorphic dis-
coasters. The use of datum levels — and auxiliary datum levels — such as the
first occurrence of E. kugleri and the last occurrences of E. kugleri, “E.
moorei”, H. intermedia, E. calcaris, E. bollii, “E. neohamatus”, E. bellus and
E. quinqueramus as suggested in their Mediterranean zonation is disadvanta-
geous, however, because:

“E. moorei” and “E. neohamatus’ are dubious taxonomic units. The first
“species” is possibly a mixture of asymmetric pentaradial variants of E.
deflandrei and E. variabilis and therefore it has been observed to occur re-
peatedly at various biostratigraphic intervals. “E. neohamatus”, on the other
hand, is a taxonomic category possibly made of preservational morpho-
types of E. calcaris and/or E. brouweri with bent arm tips.

The last occurrence of E. calcaris is not biostratigraphically helpful be-
cause the last representatives of the species have less pronouncedly curved
arm tips. Their identification, therefore, is impeded by the presence of the
first representatives of E. brouweri.

E. bollii very often has a discontinuous range. Its last presence, therefore,
does not always correspond with the end of the range of the species.

H. intermedia and E. bellus have been observed at higher biostratigraphic
intervals than the interval indicated by Ellis and Lohman.

E. kugleri and E. quinqueramus are not suitable as index species in the
Mediterrancan area for reasons discussed earlier in this chapter.

DESCRIPTION OF THE MIOCENE ZONATIONS: THE MEDITERRANEAN
MIOCENE ZONATION AND THE INTEGRATED MIOCENE ZONATION

In order to avoid repetitive definitions of zones and subzones both zonal
schemes are discussed together. The zones and the subzones are described in
the order given in the Integrated Miocene Zonation (fig. 45). All subdivisions
must be considered as present also in the Mediterrancan Miocene Zonation
(fig. 44) unless otherwise indicated.
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Several boundaries of the (sub)zones are based on more than one zonal
marker; these markers are considered to be of equal importance.

The assemblages of the zones are given through the descriptions of their
subzones. Figures 47 and 48 present an overview of the nannofossil content
of every unit of the Integrated Miocene Zonation.

In order to avoid confusion between new units and units given the same
names by other authors, a correlation scheme is presented in figure 49. Cor-
relation lines are drawn only when the zonal schemes have markers in com-
mon. Furthermore, references in our text to homonymous (sub)zones of
other authors are accompanied by the names of those authors.

The C. leptoporus Zone is subdivided into subzones indicated by a capital
letter which follows the name of the zone. An M is added prior to that indi-
cation when these parts are present only in the Mediterranean region.

The E. pseudovariabilis and the G. rotula Subzones in the extra-Mediter-
ranean sections can be subdivided into zonules. The zonules are indicated by
small letters following the names of the subzones.

The distribution of all the new zones and subzones in our Miocene sec-
tions is given in figure 50.

Triquetrorhabdulus carinatus Zone

Definition: Interval zone from the end of the acme of Reticulofenestra
abisecta (= Cyclicargolithus abisectus) (bottom) to the first occurrence of
Geminilithella rotula (top).

Comparison: The T. carinatus Zone, as defined here, differs in the defini-
tion of the upper and lower boundaries from the similarly named zones of
Bramlette and Wilcoxon (1967), Bukry and Bramlette (1970), Hay (1970),
Martini (1971), Roth, Baumann and Bertolini (1971), Gartner (1974), Roth
(1973) and Bukry (1973, 1975).

Subdivision: Eu-discoaster deflandrei Subzone, Eu-discoaster druggii Sub-
zone and Helicosphaera vedderi Subzone. All three subzones are recognizable
both in the Mediterranean and the extra-Mediterranean sections.

Remarks: Bramlette and Wilcoxon (1967) defined the Triquetrorhab-
dulus carinatus Zone by the range of the nominal species above the last oc-
currence of Helicosphaera recta, but since then the zonal definition has un-
dergone modifications. A summary of the different versions of the T. cari-
natus Zone has been presented by Bukry (1978). Datum levels such as the T.
carinatus L.O., S. belemnos F.O., H. ampliaperta F.O., and E. druggii F.O.
have been used either individually or in combination for the definition of the
upper boundary of the Zone (Bukry and Bramlette, 1970; Martini and Wors-
ley, 1970; Martini, 1971; Roth, Baumann and Bertolini, 1971; Gartner,
1974; Roth, 1973; Bukry, 1973 and 1975).

57



LN MEDITERRANEAN
INTEGRATED MIOCENE < Wl
|9
ZONATION ErlEw SICILY
. Fz| za
(This paper) Q¢
)
< ~ ﬂ
S 85 8l — oa N » o o — 8 N,
%‘.’.’ég‘é’é g% ol 0§ o3 3 =5 o4 =5
Zone Subzone f,—‘,v—Si’;qa E§g§ gggégg E% g§g§
segSs 50 B0 ELE By B S &)
288|985 00| 00| GO 5| S L uLS TS
3 ™3 3
C. leptoporus |C.leptoporus Al [ 1942 143644
1916 4360
R. rotaria
1905 14354
A. primus
€. pelagicus | F3155 1 F4560 30341 (200 74348
- b 3151 4555 3030 + 1945 {4308
G. rotula — —
a 11946 1 4301 4
M. convallis |E. pentara - 138 450173018
diatus 336 3009
E. pseudo- b|
variabilis F1 F
M2 3130 I 3060
E. hamatus
E. calcari: = - 3123 3067
" TE bellus 3749 2068
-~ 37437 3118 4610
E. bollii h~ 3 Nm
- - 4 3714 1 3105 4601 %3069
E. kugleri 8.4m) 3101 4 130734
E exilis - " F10 +— 3703 4595
g H. intermedia 1A 20m
P ) Fr16 Tt 4 3683 4592
H. orientalis J Am
F18 t 12 3671 4565
H. walbers - 12.2m) 1
lorfensis L 20 4 57 3662 (S 4561
E. musicus 25m 2962
I 36 77 3656 +———- —
H. waltrans 6Im 3651+
S h B 40 189
. hetero H. perch Sm [ 3618
morphus -nielseniae | a6 94 13618
E. signus Alm
61 98 13612
H. obliqua 45m
- F 63 1108 13609
H. ampliaperta 61‘“%5 nA 3603
S. belemnos
7. milowii 28. m]
T. martinii 22
-1
H. vedderi QOm 32812
) _ L 125 F36801
T. carinatus | E. druggii r65~] 235 m
- | 74 1145
E. deflandrei 79 41484

Fig. 50. Distribution of the units of the Integrated Miocene Zonation in our sections. The uppermost
sample of each unit is used as a boundary (between adjacent units), The thicknesses of the
units (bold numbers) are given only in the type localities.

Here the upper boundary of the T. carinatus Zone is set at the first occur-
rence of G. rotula, which has a continuous record; it is more abundant and
occurs consistently in both the Mediterranean and the extra-Mediterranean
sections.
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The successive first occurrences of E. druggii and H. ampliaperta are noted
within the T, carinatus Zone and are used for subzonal subdivisions.

Reference locality: D.S.D.P. Site 372, Menorca Rise, Mediterranean Sea.
Samples 372-148 to 372-122. The zone has a thickness of 278 metres at this
locality.
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Distribution: D.S.D.P. Site 369A, Sierra Leone Risc, Atlantic Ocean, sam-
ples: 369A-79 to 369A-65. Reqqa Point, Gozo, samples: MT713 to MT721.

Eu-discoaster deflandrei Subzone

Definition: Interval from the end of the acme of R. abisecta (bottom) to
the first occurrence of E. druggii (top).

Author: Bukry, 1971.

Assemblage: Coccolithus pelagicus, Eu-discoaster deflandrei, Helico-
sphaera carteri, H. elongata (sporadic), H. euphratis, H. intermedia, H. medi-
terranea (rare and sporadic), H. perch-nielseniae (sporadic), Reticulofenestra
spp-, R. abisecta, R. floridana, Sphenolithus moriformis, Triquetrorhabdulus
carinatus, T. challengeri.

Remarks: The lowermost Miocene samples of our sections (D.S.D.P. Sites
372 and 369A) represent only the upper part of this interval. The definition
of the lower boundary, therefore, is based on data prescnted by Bukry
(1973, 1975). Rare specimens of H. recta were encountered in both D.S.D.P.
sections. The scarcity of these helicoliths makes it hard to decide whether we
are dealing with indigenous or reworked specimens. Neither T. carinatus nor
T. challengeri has been observed in the Mediterrancan assemblage of the E.
deflandrei Subzone.

Distribution: D.S.D.P. Site 369A, Sierra Leone Rise, Atlantic Ocean, sam-
ples: 369A-79 to 369A-74. D.S.D.P. Site 372, Menorca Rise, samples: 372-
148 to 372-145. Reqqa Point, Gozo, within the interval MT713 to MT721
(the upper boundary of this subzone was not recognized at this locality).

Eu-discoaster druggii Subzone

Definition: Interval from the first occurrence of Eu-discoaster druggii
(bottom) to the first occurrence of Helicosphaera ampliaperta (top).

Comparison: The E. druggii Subzone as defined here has the same lower
boundary as the similarly named zones and subzones of other authors, but
it represents a shorter biostratigraphic interval.

Assemblage: Coccolithus pelagicus, Eu-discoaster deflandrei, E. druggii,
Helicosphaera carteri, H. elongata (sporadic), H. euphratis, H. paleocarteri,
H. perch-nielseniae, H. recta (rare), H. vedderi (rare), Reticulofenestra spp.,
R. abisecta, R. floridana, Sphenolithus moriformis, Triquetrorhabdulus
carinatus, T. challengeri, T. martinii (= Orthorhabdus serratus), T. milowii.

Remarks: E. druggii is a species that occurs sporadically in the Mediter-
ranean area (Miiller, 1978, 1979; Moshkovitz and Ehrlich, 1980) and in high
latitude regions (Perch-Nielsen, 1977). Therefore, its first occurrence is not
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used here to define a zonal boundary. The species, however, is considered as
a useful marker for the low-latitude D.S.D.P. cores (Bukry, 1971, 1973) and
therefore we retain this marker in our zonation.

Miiller (1978) substituted the first (rare) occurrence of H. ampliaperta for
the first occurrence of E. druggii. In our study of the material from D.S.D.P.
Site 372 E. druggii was rare but consistently present well below the first
(rare) occurrence of H. ampliaperta.

The first occurrence of T. martinii (= Orthorhabdus serratus) was noted
to be very close to the first occurrence of E. druggii (D.S.D.P. Site 369). This
is in agreement with the suggestion of Bukry (1973) that it can be used as an
auxiliary marker. The species, however, was absent from the Mediterranean
Site 372. The first rare occurrence of H. vedderi has been noted in the upper
part of the E. druggii Subzone.

Reference locality: D.S.D.P. Site 372, Menorca Rise, samples: 372-144 to
372-125. The thickness of this subzone in this site is 235 metres.

Distribution: D.S.D.P. site 369A, Sierra Leone Rise, samples: 369A-73 to
369A-65. Reqqa Point, Gozo, within the interval from sample MT713 to
MT721 (the lower boundary of this subzone was not recorded in the section
Reqga Point).

Helicosphaera vedderi Subzone

Definition: Interval from the first occurrence of Helicosphaera amplia-
perta (bottom) to the first occurrence of Geminilithella rotula (top).

Assemblage: Coccolithus pelagicus, Eu-discoaster deflandrei, E. druggii,
Helicosphaera ampliaperta, H. carteri, H. elongata, H. euphratis, (rare) H.
intermedia, H. mediterranea (sporadic), H. obliqua, H. paleocarteri, H. perch-
nielseniae, H. vedderi, Reticulofenestra spp., R. abisecta, R. floridana,
Sphenolithus moriformis, Triquetrorhabdulus carinatus, T. challengeri, T.
milowii.

Remarks: Helicosphaera ampliaperta was found to be a useful guide spe-
cies with a continuous record in all the Mediterranean sections. In the
D.S.D.P. Site 372 and the sections Giammoia 1 (Sicily) and Reqqa Point
(Malta) the first occurrence of H. ampliaperta was noted below but very
close to the first occurrence of G. rotula, thus allowing the distinction of the
H. vedderi Subzone. This subzone respresents a very thin biostratigraphic in-
terval and may be absent in areas with low sedimentation rates.

Backman (1980) reported the first occurrence of G. rotula close to but
below the first occurrence of H. ampliaperta in D.S.D.P. Site 116. This is
possibly due to the presence of specimens of Hayella sp. which have been
noted to occur sporadically in our sections below the range of H. amplia-
perta.
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In the D.S.D.P. Site 369A the first occurrences of H. ampliaperta and G.
rotula coincide. This is possibly the result of a hiatus at that level. The pres-
ence of such a hiatus is also indicated by the nearly simultaneous first occur-
rences of S. heteromorphus and E. exilis at the same level, and by the lack
of S. belemnos.

Reference locality: D.S.D.P. Site 372, samples: 372-124 to 372-122.

Thickness: 43 m.
Distribution: Giammoia 1, Sicily, samples: CP3601 to CP3602.

Triquetrorhabdulus milowii Zone

Definition: Interval zone from the first occurrence of Geminilithella ro-
tula (bottom) to the first occurrence of Sphenolithus heteromorphus and/or
the last occurrence of Sphenolithus belemnos (top).

Subdivision: Triquetrorhabdulus martinii Subzone and Sphenolithus
belemnos Subzone. Both subzones are based on literature data. They are not
recognizable in the Mediterranean area.

Remarks: This zone contains the last occurrence of T. carinatus and the
first occurrence of S. belemnos, neither of which can be used for zonal as-
signments in the Mediterranean area. The T. carinatus L.O. and the S. belem-
nos F.O. are used instead as subzonal markers to be utilized only in extra-
Mediterranean regions.

Reference locality: D.S.D.P. Site 372, Menorca Rise, samples: 372-121 to
372-115. The thickness of the T. milowii Zone in this locality is 28 metres.

Distribution: Reqqa Point, Gozo, samples: MT721 to MT730.

Triquetrorhabdulus martinii Subzone

Definition: Interval from the first occurrence of Geminilithella rotula
(bottom) to the last occurrence of Triquetrorhabdulus carinatus and the first
occurrence of Sphenolithus belemnos (top).

Assemblage: Coccolithus pelagicus, Eu-discoaster deflandrei, E. druggii,
Geminilithella rotula, Helicosphaera ampliaperta, H. carteri, H. elongata, H.
intermedia, H. mediterranea (sporadic), H. obliqua, H. paleocarteri, H. perch-
nielseniae, H. scissura, H. vedderi, Reticulofenestraspp., R. floridana, Spheno-
lithus cf. S. abies, S. moriformis, Tetralithoides symeonidesii, Triquetro-
rhabdulus carinatus, T. challengeri, T. martinii, T. milowii.

Remarks: T. challengeri is present throughout the interval that falls within
the Miocene part of the range of T. carinatus in the D.S.D.P. Site 369A.

S. belemnos was not recorded in the D.S.D.P. Site 369. The suggestion
here that the first occurrence of S. belemnos can be regarded as an alterna-
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tive for the last occurrence of T. carinatus is based on the data of Bukry and
Bramlette (1970).

Sphenolithus belemnos Subzone

Definition: Interval from the last occurrence of Triquetrorhabdulus cari-
natus and/or the first occurrence of Sphenolithus belemnos (bottom) to the
first occurrence of Sphenolithus heteromorphus (top).

Comparison: The Sphenolithus belemnos Subzone is identical to the
homonymous zone of Bramlette and Wilcoxon (1967).

Assemblage: Coccolithus pelagicus, Eu-discoaster deflandrei, E. druggii,
Geminilithella rotula, Helicosphaera ampliaperta, H. carteri, H. elongata, H.
intermedia, H. mediterranea (sporadic), H. obliqua, H. paleocarteri, H. perch-
nielseniae, H. scissura, H. vedderi, Reticulofenestra spp., R. floridana,
Sphenolithus cf. S. abies, S. belemnos, S. moriformis, Tetralithoides symeo-
nidesii, Triquetrorhabdulus carinatus, T. martinii, T. milowii.

Remarks: There is some disagreement in the literature concerning the po-
sition of the S. belemnos L.O. relative to the S. heteromorphus F.O. Some
investigators consider the two events as isochronous (Bramlette and Wil-
coxon, 1967; Bukry, 1973). However, in Martini and Worsley (1971), Ellis
(1975) and Gartner (1977), an ovetlap is indicated between the ranges of the
two species. We are not in a position to decide which of the two opinions is
more reliable because S. belemnos was not recorded in our sections. There-
fore we use only the F.O. of S. heteromorphus as an indicator of the upper
boundary of this subzone.

Helicosphaera ampliaperta Zone

Definition: Interval zone from the first occurrence of Sphenolithus het-
eromorphus (bottom) to the first occurrence of Eu-discoaster exilis (top)

Comparison: Only the definition of the lower boundary of this zone is the
same as the one of the H. ampliaperta zone of Bramlette and Wilcoxon
(1967). The upper boundary is different.

Assemblage: Calcidiscus leptoporus s.l., Coccolithus pelagicus, Eu-dis-
coaster deflandrei, E. protoexilis, Geminilithella jafari, G. rotula, Helico-
sphaera ampliaperta, H. carteri, H. elongata, H. intermedia, H. mediterranea,
H. obliqua, H. paleocarteri, H. perch-nielseniae, H. scissura, H. vedderi, H.
walbersdorfensis s.l., Reticulofenestra spp., R. floridana, Solidopons petrae,
Sphenolithus abies, S. belemnos, S. heteromorphus, S. moriformis, Tetra-
lithoides symeonidesii, Triquetrorhabdulus martinii, T. milowii.

Remarks: In the definition by Bramlette and Wilcoxon (1967) the upper
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boundary of their H. ampliaperta Zone was placed at the last occurrence of
the nominal species. As can be inferred from the D.S.D.P. reports, H. amplia-
perta may be absent in many parts of the oceanic areas. The species is miss-
ing in the western Indian Ocean (Miiller, 1974) and was not encountered in
the D.S.D.P. Sites of Leg 39 from the western South Atlantic (Perch-Nielsen,
1977) and Sites 400A and 406 from the North Atlantic (Miiller, 1979).

Martini (1976) suggested the use of a combined NN4/NNS5 zone in areas
where H. ampliaperta is missing. Such a combination of zones, however,
results in a relatively large biostratigraphic interval which can be subdivided
further by the first occurrence of E. exilis, which appears to be a more cos-
mopolitan species than H. ampliaperta.

In our sections the last occurrence of H. ampliaperta was noted well above
the first occurrence of E. exilis and above the first occurrence of E. signus.
This justifies the use of the last occurrence of H. ampliaperta as a subzonal
boundary within the next zonal unit (i.e. the S. heteromorphus Zone).

Bukry (1971, 1981), Ellis (1979) and Ellis and Lohman (1979) suggested
that the last occurrence of Triquetrorhabdulus milowii is very close to the
first occurrence of S. heteromorphus and considered it as an indication of
the lower part of the H. ampliaperta Zone of Bramlette and Wilcoxon. In our
sections, T. milowii persists higher than the last occurrence of S. hetero-
morphus. The last occurrence of T. milowii was recorded very close to the
first occurrence of Helicosphaera orientalis. This is in accordance with the
range of this species presented by Biolzi et al. (1981).

Reference locality: D.S.D.P. Site 372, samples: 372-114 to 372-108.
Thickness in the reference locality: 52 metres.

Distribution: D.S.D.P. Site 369A, Sierra Leone Rise, Atlantic, sample:
369A-64; Giammoia 1, Sicily, samples: CP3603 to CP3609; Reqqga Point,
Gozo, samples: MT731 to MT733; Marsalforn, Gozo, samples: MT744 to
MT745; Ras il Pelegrin, Malta, samples: M110-A to M110-B; D.S.D.P. Site
231, Gulf of Aden, Indian Ocean, samples: 219-47 to 219-43.

Sphenolithus heteromorphus Zone

Definition: Interval zone from the first occurrence of Eu-discoaster exilis
(bottom) to the last occurrence of Sphenolithus heteromorphus (top).

Comparison: The S. heteromorphus Zone as defined here covers a longer
biostratigraphic interval than the similarly named zone of Bramlette and Wil-
coxon (1967) with which it shares the upper boundary. The lower boundary
has been shifted lower to the first occurrence of E. exilis.

Subdivision: Helicosphaera obliqua Subzone, Eu-discoaster signus Sub-
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zone, Helicosphaera Perch-nielseniae Subzone, Helicosphaera waltrans Sub-
zone, and Eu-discoaster musicus Subzone. All subzones are recognizable in
the Mediterranean and the extra-Mediterranean sections.

Remarks: This interval is characterized by the continuous presence
of S. heteromorphus and E. exilis. It contains the first occurrences of C.
macintyrei, C. premacintyrei, Hayella aperta and E. signus emend. (E.
signus (Bukry) including E. petaliformis (Moshkovitz and Ehrlich)). H.
ampliaperta, H. perch-nielseniae, H. vedderi and H. scissura have their last
occurrence in the lower part of this zone.

Helicosphaera waltrans occurs sporadically below the extinction level
of H. ampliaperta but becomes common or abundant above it.

H. walbersdorfensis was noted sporadically from the base of the S. hetero-
morphus Zone (as defined here) but it becomes common close to the last
occurrence of H. ampliaperta. This is much lower than the first occurrence
indicated for H. walbersdorfensis by Miiller (1981). Such an early occurrence
of H. walbersdorfensis (= H. californiana Bukry) has been given also by
Bukry (1981) who mentioned H. californiana from his CN4 zone.

Eu-discoaster musicus (= E. sanmiguelensis (Bukry)) has its total range in
our sections within the S. heteromorphus Zone. The range of this species
above the S. heteromorphus L.O. mentioned by Bukry (1981) — for E.
sanmiguelensis — could not be confirmed.

Reference locality: D.S.D.P. Site 369A, Sierra Leone Rise, Atlantic, sam-
ples: 369A-63 to 369A-20. Thickness in this locality: 63.9 metres.

Distribution: D.S.D.P. Site 372, Menorca Rise, samples: 372-107 to 372-
57; Giammoia 1, Sicily, samples: CP3610 to CP3618; Giammoia 2, Sicily,
samples: CP3651 to CP3662; Mineo, Sicily, samples: JT4962 to JT4508;
Reqqa Point, Gozo, samples: MT734 to MT743; Marsalforn, Gozo, samples:
MT745 to MT774; Ras il Pelegrin, Malta, samples: M110-B to M110-J;
Gnejna Bay, Malta, samples: MT622 to MT650; D.S.D.P. Site 219, Lacca-
dive-Chagos Ridge, Indian Ocean, samples: 219-42 to 219-37.

Helicosphaera obliqua Subzone

Definition: Interval from the first occurrence of Eu-discoaster exilis (bot-
tom) to the first occurrence of E. signus (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, C. premacintyrei,
Coccolithus pelagicus, Eu-discoaster deflandrei, E. exilis, Geminilithella
jafari, G. rotula, Helicosphaera ampliaperta, H. carteri, H. elongata, H.
intermedia, H. mediterranea, H. obliqua, H. perch-nielseniae, H. scissura, H.
vedderi, H. walbersdorfensis (rare), H. waltrans (rare), Reticulofenestra spp.,
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R. ampliumbilicus (rare), R. floridana, Solidopons petrae, Sphenolithus
abies, S. heteromorphus, S. moriformis, Tetralithoides symeonidesii, Tri-
quetrorhabdulus milowii, T. martinii.

Reference locality: D.S.D.P. Site 369A, Sierra Leone Rise, Atlantic,
samples: 369A-63 to 369-A61. Thickness in this site: 4.5 metres.

Distribution: D.S.D.P. Site 372, samples: 372-108 to 372-98; Giam-
moia 1, samples: CP3610 to CP3612; D.S.D.P. Site 219, Laccadive Chagos
Ridge, samples: 21942 to 219-37.

Eu-discoaster signus Subzone

Definition: Interval from the first occurrence of Eu-discoaster signus
(bottom) to the last occurrence of Helicosphaera ampliaperta (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, C. premacintyrei,
Coccolithus pelagicus, Eu-discoaster deflandrei, E. exilis, E. musicus, E.
signus, E. cf. E. signus, Geminilithella jafari, G. ‘rotula, Hayella aperta,
Helicosphaera ampliaperta, H. carteri, H. elongata, H. intermedia, H. medi-
terranea, H. obliqua, H. perch-nielseniae, H. scissura, H. vedderi, H. walbers-
dorfensis (rare), H. waltrans (rare), Reticulofenestra spp., R. ampliumbilicus
(rare), R. floridana, Solidopons petrae, Sphenolithus abies, S. heteromor-
phus, S. moriformis, Tetralithoides symeonidesii, Triquetrorhabdulus
milowii, T. martinii.

Remarks: Questionable specimens of Hayella Gartner were recorded spo-
radically from the lowest Miocene samples of the D.S.D.P. Sites 369A and
372. Nannoliths of this genus with a short cone, named here H. aperta,
became common from this interval onwards.

Reference locality: D.S.D.P. Site 369A, Sierra Leone Rise, samples:
369A-60 to 369A-46. The thickness of the E. signus Subzone in the refer-
ence locality is 21.1 metres.

Distribution: D.S.D.P. Site 372, samples: 372-97 to 372-94; Giammoia 1,
Sicily, samples: CP3613 and CP3614.

Helicosphaera perch-nielseniae Subzone

Definition: Interval from the last occurrence of Helicosphaera amplia-
perta (bottom) to the last occurrence of H. perch-nielseniae (top).

Assemblage: The same as in the E. signus Subzone with the addition of
Helicosphaera cf. H. orientalis and the common occurrence of H. waltrans.

Remarks: Eu-discoaster cf. E. signus and Helicosphaera scissura have their
last occurrence within this interval. Helicosphaera vedderi has been observed
within this subzone too. This species persists possibly within the next higher
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subzone but it becomes extremely rare and sporadic. A very small species of
Helicosphaera, named here H. cf. H. orientalis, has its first rare occurrence
within the H. perch-nielseniae Subzone.

Reference locality: D.S.D.P. Site 369A, Sierra Leone Rise, samples: 369A-
45 to 369A-40. The thickness of the H. perch-nielseniae Subzone at this lo-
cality is 9 metres.

Distribution: D.S.D.P. Site 372, samples 372-93 to 372-89; Giammoia 1,
Sicily, samples: CP3615 to CP3618; Reqqga Point, Gozo, samples: MT734 to
MT736. Marsalforn, samples: MT745 to MT750; Ras il Pelegrin, Malta, sam-
ples: M110-B to M110-D.

Helicosphaera waltrans Subzone

Definition: Interval from the last occurrence of Helicosphaera perch-
nielseniae (bottom) to the last occurrence of Helicosphaera waltrans (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, C. premacintyrei,
Coccolithus pelagicus, Hayella aperta, Eu-discoaster deflandrei, E. exilis,
E. musicus, E. signus, E. variabilis, Geminilithella jafari, G. rotula, H. medi-
terranea, H. obliqua, H. paleocarteri, H. cf. H. orientalis (rare), H. walbers-
dorfensis s.s., H. waltrans, Reticulofenestra spp., R. ampliumbilicus (rare), R.
floridana, Solidopons petrae, Sphenolithus abies, S. heteromorphus, S. mo-
riformis, Tetralithoides symeonidesii, T. martinii, T. milowii.

Remarks: The last occurrence of H. mediterranea was noted within this
subzone. This position is much higher than the last occurrence indicated for
this species by Miiller (1981), i.e. top NN3.

Bukry (1981) recorded H. mediterranea (= H. crouchii) in Zones CN2—
CN4 which is similar to the range of this species in our sections.

Reference locality: D.S.D.P. Site 369A, Sierra Leone Rise, Atlantic, sam-
ples: 369A-39 to 369A-36. Thickness at this site: 6.7 metres.

Distribution: D.S.D.P. Site 372, samples: 372-88 to 372-77; Reqqa Point,
samples MT737 to MT743; Marsalforn, Gozo, samples: MT751 to MT764;
Ras il Pelegrin, Malta, samples: M110-E and M110-F.

Eu-discoaster musicus Subzone

Definition: Interval from the last occurrence of Helicosphaera waltrans
(bottom) to the last occurrence of Sphenolithus heteromorphus (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, C. premacintyrei,
Coccolithus pelagicus, Hayella aperta, Eu-discoaster deflandrei, E. exilis,
E. musicus, E. signus, E. variabilis, Geminilithella jafari, G. rotula, H. medi-
terranea, H. obliqua, H. paleocarteri, H. cf. H. orientalis (rare), H. walbers-
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dorfensis s.s., Reticulofenestra spp., R. ampliumbilicus (rare), R. floridana,
Solidopons petrae, Sphenolithus abies, S. heteromorphus, S. moriformis,
Tetralithoides symeonidesii, T. martinii, T. milowii.

Remarks: Eu-discoaster musicus and E. signus have their last occurrence
in this interval.

Reference locality: D.S.D.P. Site 369A, Sierra Leone Rise, samples: 369A-
35 to 369A-20. The E. musicus Subzone has a thickness of 22.5 metres at
this locality.

Distribution: D.S.D.P. Site 372, samples: 372-76 to 372-57; Giammoia 2,
Sicily, samples: CP3651 to CP3662; Mineo, Sicily, samples: JT4962 to
JT4508; Marsalforn, Gozo, samples: MT765 to MT774; Ras il Pelegrin,
Malta, samples: M110-G to M110-J; Gnejna Bay, Malta, samples: MT622 to
MT650.

Eu-discoaster exilis Zone

Definition: Interval zone from the last occurrence of Sphenolithus hetero-
morphus (bottom) to the first occurrence of Eu-discoaster calcaris and/or
the first occurrence of Eu-discoaster bellus.

Comparison: The E. exilis Zone as introduced here comprises a larger bio-
stratigraphic interval than the E. exilis Zones of other authors. It has no
boundaries in common with the E. exilis Zone of Hay (1970) which was de-
fined as the interval from the first occurrence of E. exilis to the first occur-
rence of E. kugleri.

The E. exilis Zone as it appears in Martini, 1971, Bukry, 1973, 1975 and
Roth, 1973, is based on the definition of Martini and Worsley (1970), name-
ly that it is the interval from the last occurrence of S. heteromorphus to the
first occurrence of E. kugleri. Thus the E. exilis Zone of the latter authors
has only the lower boundary in common with the E. exilis Zone as defined here.

Subdivision: Helicosphaera walbersdorfensis Subzone, Helicosphaera
orientalis Subzone, Helicosphaera intermedia Subzone, Eu-discoaster kugleri
Subzone, Eu-discoaster bollii Subzone. All subzones are recognizable in the
Mediterranean and in extra-Mediterranean sections.

Remarks: Hay (1970) introduced the E. exilis Zone to fill in an interval
which remained unnamed in the zonal scheme of Bramlette and Wilcoxon
(1967). The E. exilis Zone of Hay, however, extends below the last occur-
rence of S. heteromorphus which was the base of the unnamed interval of
Bramlette and Wilcoxon.

Martini and Worsley (1970) modified the E. exilis Zone of Hay by using
the last occurrence of S. heteromorphus as the lower boundary.
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Bukry (1971, 1973 and 1975) extended the top of the E. exilis Zone up-
wards to the first occurrence of E. codlitus (= C. coalitus) in order to in-
clude the E. kugleri Zone of Bramlette and Wilcoxon as a subzone within the
E. exilis Zone of Bukry. He did this in order to avoid the stratigraphic hia-
tuses which might occur if the sporadic E. kugleri were absent (Bukry,
1973).

Here the upper boundary of the E. exilis Zone is extended upward, to the
first occurrence of E. calcaris and/or the first occurrence of E. bellus. In this
way we avoid using of E. coalitus as a zonal marker and we assign a more
cosmopolitan datum level to the upper boundary of this zone. The first oc-
currence of E. coalitus and/or the last occurrence of E. kugleri are used here
for the definition of the lower boundary of the H. walbersdorfensis Subzone
in the Mediterranean area.

Reference locality: Giammoia 2, Sicily, samples: CP3663 to CP3743. The
thickness of this zone at this locality is 65.6 metres.

Distribution: D.S.D.P. Site 369A, Sierra Leone Rise, samples: 369A-19 to
369A-3; D.S.D.P. Site 372, samples: 372-56 to 372-1; Giammoia 3, Sicily,
samples: CP3101 to CP3118; Scicli, samples: CP4561 to CP4601; Falconara
1, Sicily, samples: JT3073 to JT3069; D.S.D.P. Site 231, Gulf of Aden, sam-
ples: 231-135 to 231-130.

Helicosphaera walbersdorfensis Subzone

Definition: Interval from the last occurrence of Sphenolithus heteromor-
phus (bottom) to the first occurrence of Helicosphaera orientalis and/or the
first occurrence of Syracosphaera? fragilis (the F.O. of S.? fragilis is applica-
ble only in the Mediterranean area).

Assemblage: Calcidiscus leptoporus, C. macintyrei, C. premacintyrei, Coc-
colithus pelagicus, Hayella aperta, Eu-discoaster deflandrei, E. exilis, E. sub-
surculus, E. variabilis, Geminilithella jafari, G. rotula, Helicosphaera carteri,
H. elongata (rare), H. intermedia, H. obliqgua, H. walbersdorfensis (abun-
dant), Reticulofenestra spp., R. ampliumbilicus (rare), R. floridana, Solido-
pons petrae, Sphenolithus abies, S. moriformis, Tetralithoides symeonidesii,
Triquetrorhabdulus martinii, T. milowii, T. rugosus.

Remarks: The first rare specimens of E. subsurculus were observed in this
subzone. It is hard to pinpoint the first occurrence of this species, however,
because E. subsurculus closely resembles E. exilis which is already present
earlier.

Reference locality: Giammoia 2, Sicily, samples: CP3663 to CP3671.
Thickness of the subzone at this locality: 12.2 metres.
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Distribution: D.S.D.P. Site 369A, Sierra Leone Rise, samples: 369A-19 to
369A-18; D.S.D.P. Site 372, samples: 372-56 to 372-11; Scicli, samples:
CP4561 to CP4565; Ras il Pelegrin, Malta, samples: M110-K to M110-M;
Gnejna Bay, Malta, samples: MT651 to MT708.

Helicosphaera orientalis Subzone

Definition: Interval from the first occurrence of Helicosphaera orientalis
and/or the first occurrence of Syracosphaera? fragilis (bottom) to the first
occurrence of Helicosphaera stalis (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, C. premacintyrei, Coc-
colithus pelagicus, Eu-discoaster deflandrei, E. exilis, E. subsurculus, E. vari-
abilis, Geminilithella jafari, G. rotula, Hayella aperta, Helicosphaera carteri,
H. elongata (rare), H. intermedia, H. obliqua, H. orientalis, H. walbers-
dorfensis (abundant), Reticulofenestra spp., R. ampliumbilicus (rare), R.
floridana, Solidopons petrae, Sphenolithus abies, S. moriformis, Syraco-
sphaera? fragilis, Tetralithoides symeonidesii, Triquetrorhabdulus martinii,
T. milowii, T. rugosus.

Remarks: The definition of this subzone is based on dissolution-prone
species and, therefore, it may not be recognizable in badly preserved sam-
ples. In such cases the H. orientalis Subzone should be used in combination
with the H. walbersdorfensis and the H. intermedia Subzones.

Rounded specimens of Syracosphaera?, named here S.? fragilis, have been
observed only in the Mediterranean sections where their first common occur-
rence coincides with the first occurrence of H. orientalis.

The last rare occurrences of Calcidiscus premacintyrei, Triquetrorhabdulus
martinii and T. milowii have been observed within the H. orientalis Subzone.

Reference locality: Giammoia 3, Sicily, samples: CP3672 to CP3683.
Thickness in the reference locality: 14 metres.

Distribution: D.S.D.P. Site 369A, Sierra Leone Rise, samples: 369A-17
to 369A-16; D.S.D.P. Site 372, samples: 372-10 to 372-4; Scicli, samples:
CP4566 to CP4592; Ras il Pelegrin, Malta, samples: M110-N to M110-P;
Gnejna Bay, Malta, samples: MT709 to MT712.

Helicosphaera intermedia Subzone

Definition: Interval from the first occurrence of Helicosphaera stalis (bot-
tom) to the last occurrence of Reticulofenestra floridana and/or the first
occurrence of Eu-discoaster kugleri (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, Hayella aperta, Eu-dis-
coaster cf. E. bollii, E. deflandrei, E. exilis, E. subsurculus, E. variabilis,
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Geminilithella jafari, G. rotula, Hayella aperta (rare), Helicosphaera carteri,
H. elongata, H. intermedia, H. orientalis, H. paleocarteri, H. stalis, H. wal-
bersdorfensis, Reticulofenestra spp., R. ampliumbilicus, R. floridana, Solido-
pons petrae, Sphenolithus abies, S. moriformis, Syracosphaera? fragilis,
Tetralithoides symeonidesii, Triquetrorhabdulus rugosus.

Remarks: The coincidence of the first occurrence of E. kugleri with the
last occurrence of R. floridana, as suggested by Bukry (1975 and 1978), was
confirmed in D.S.D.P. Site 369A. Furthermore, both species were observed
within the interval between the first occurrence of H. stalis and the last oc-
currence of H. walbersdorfensis.

The interval from the F.O. of H. stalis to the L.O. of H. walbersdorfensis
was used to estimate the position of the last occurrence of R. floridana in
the absence of E. kugleri (Mediterranean sections); the last occurrence of R.
floridana was recorded consistently within our subzone.

Reference locality: Giammoia 2, Sicily, samples: CP3684 to CP3703.
Thickness in the reference locality: 20 metres.

Distribution: D.S.D.P. Site 369A, Sierra Leone Rise, samples: 369A-15 to
369A-10; D.S.D.P. Site 372, Menorca Rise, samples: 372-3 to 372-1; Scicli,
samples: CP4593 to CP4595.

Eu-discoaster kugleri Subzone

Definition: Interval from the first occurrence of Eu-discoaster kugleri and/
or the last occurrence of Reticulofenestra floridana (bottom) to the last oc-
currence of Eu-discoaster kugleri and/or the last occurrence ofHelicosphaera
walbersdorfensis and/or the first occurrence of Eu-discoaster coalitus (top).

Comparison: The E. kugleri Subzone as defined here represents an interval
identical to the E. kugleri Zone of Bramlette and Wilcoxon (1967) and the
E. kugleri Subzone of Bukry (1973, 1975). The last occurrence of H. wal-
bersdorfensis is introduced here as an alternative marker for the upper
boundary of this interval.

Assemblage: Calcidiscus leptoporus, C. macintyrei, Coccolithus pelagicus,
Eu-discoaster bollii, E. cf. E. bollii, E. deflandrei, E. exilis, E. micros, E.
pansus, E. subsurculus, E. variabilis, Geminilithella jafari, G. rotula, Helico-
sphaera carteri, H. elongata (rare), H. intermedia, H. orientalis, H. pacifica,
H. stalis, H. walbersdorfensis, Reticulofenestra spp., R. umpliumbilicus, Soli-
dopons petrae, Sphenolithus abies, S. moriformis, Syracosphaera? fragilis,
Triquetrorhabdulus rugosus.

Remarks: The last occurrence of H. walbersdorfensis may serve as an upper
boundary of the E. kugleri Subzone when E. kugleri and E. coalitus are
absent (e.g. Mediterranean region).
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H. walbersdorfensis was abundantly present in all our sections throughout
its range. The last occurrence of this species was recorded close to, but above
the last occurrence of E. kugleri in the D.S.D.P. Site 369A, whereas in the
D.S.D.P. Site 231 it coincided with the last occurrence of E. kugleri and the
first occurrence of E. coalitus. A similar level for the last occurrence of H.
walbersdorfensis was indicated by Miiller (1981).

Reference locality: Giammoia 2, Sicily, samples: CP3704 to CP3714. The
E. kugleri Subzone has a thickness of 8.4 metres in this locality.

Distribution: D.S.D.P. Site 369A, Sierra Leone Rise, samples: 369A-9 to
369A-4; Giammoia 3, Sicily, samples: CP3101 to CP3105; Scicli, samples:
CP4596 to CP4601; Falconara 1, samples: JT3073 to JT3069; D.S.D.P. Site
231, Gulf of Aden, samples: 231-135 to 231-132.

Eu-discoaster bollii Subzone

Definition: Interval from the last occurrence of Eu-discoaster kugleri and/
or the last occurrence of Helicosphaera walbersdorfensis and/or the first oc-
currence of Eu-discoaster coalitus (bottom) to the first occurrence of Eu-
discoaster calcaris and/or the first occurrence of Eu-discoaster bellus (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, Coccolithus pelagicus,
Eu-discoaster bollii, E. coalitus, E. deflandrei, E. exilis, E. pansus, E. pseudo-
variabilis, E. variabilis, Geminilithella jafari, G. rotula, Helicosphaera carteri,
H. intermedia, H. orientalis, H. pacifica, H. paleocarteri, H. stalis, Reticulo-
fenestra spp., Sphenolithus abies, S. moriformis, Syracosphaera? fragilis,
Tetralithoides symeonidesii, Triquetrorhabdulus rugosus.

Reference locality: Giammoia 2, Sicily, samples: CP3715 to CP3743.
Thickness of the subzone at this locality: 11 metres.

Distribution: D.S.D.P. Site 369A, Sierra Leone Rise, samples: 369A-3;
Giammoia 3, Sicily, samples: CP3106 to CP3118; Scicli, samples: CP4602 to
CP4610; D.S.D.P. Site 231, Gulf of Aden, samples: 231-131 to 231-130.

Eu-discoaster calcaris Zone

Definition: Interval zone from the first occurrence of Eu-discoaster cal-
caris and/or the first occurrence of Eu-discoaster bellus (bottom) to the first
occurrence of Minylitha convallis (top).

Comparison: Our E. calcaris Zone represents a lower biostratigraphic in-
terval than the E. calcaris Zone of Martini (1969).

Subdivision: Eu-discoaster bellus Subzone and Eu-discoaster hamatus Sub-
zone.

Remarks: The E. calcaris Zone as defined here is introduced in order to
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create a zone based on cosmopolitan markers within which the first occur-
rence of E. hamatus can be used for a subzonal boundary.

In this zone and in the next higher biostratigraphic intervals of the Upper
Miocene a succession of the pentaradial discoasters E. bellus, E. hamatus and
E. quinqueramus is introduced. E. hamatus as well as E. quinqueramus ex-
hibit very characteristic features and, when present, they are excellent bio-
stratigraphic markers. The atypical specimens of these two discoasters, how-
ever, cannot be distinguished from E. bellus.

It is hard to define the actual range of E. bellus as it is never certain
whether we are dealing with this species or with the preservational morpho-
types of the other two. E. bellus is present, however, below the first occur-
rence of E. hamatus and it persists higher up within the range of E. quin-
queramus. This consequently obscures the ranges of the latter two species.
For this reason E. hamatus and E. quinqueramus are used in the present
zonation to make a subzonal subdivision recognizable only when typical
forms of these species are present.

Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples: 231-130 to
231-117. Thickness in the reference locality: 31.5 metres.

Distribution: Giammoia 2, Sicily, samples: CP3744 to CP3749; Giammoia
3, samples: CP3119 to CP3130; Falconara 1, Sicily, samples: JT3068 to
JT3060; Limin Kieri, Zakynthos, samples: ZK33 to ZK40; Vasiliki, Crete,
samples: GR2921 to GR2963.

Eu-discoaster bellus Subzone

Definition: Interval from the first occurrence of Eu-discoaster calcaris
and/or the first occurrence of Eu-discoaster bellus (bottom) to the first oc-
currence of Eu-discoaster hamatus (top).

Comparison: The E. bellus Subzone as defined here represents a lower bio-
stratigraphic interval than the E. bellus Subzone of Bukry (1973, 1975) and
Roth (1973).

Assemblage: Calcidiscus leptoporus, C. macintyrei, Coccolithus pelagicus,
Eu-discoaster bellus, E. bollii, E. calcaris, E. coalitus, E. deflandrei, E. exilis,
E. pansus, E. pseudovariabilis, E. variabilis, Geminilithella jafari, G. rotula,
Helicosphaera carteri, H. intermedia, H. orientalis. H. pacifica, H. paleo-
carteri, H. stalis, Reticulofenestra spp., Sphenolithus abies, Syracosphaera?
fragilis, Tetralithoides symeonidesii, Triquetrorhabdulus rugosus.

Remarks: The first occurrence of E. calcaris was recorded in all our sec-
tions consistently below the first occurrence of E. hamatus s.s.. E. bellus is
rare and sporadic near this level and therefore it is of a secondary importance
as a boundary indicator.
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Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples: 231-130 to
231-125. The thickness of this subzone if 11.7 metres at the reference local-
ity.

Distribution: Giammoia 2, Sicily, samples: CP3744 to CP3749; Giammoia
3, samples: CP3117 to CP3123; Falconara 1, Sicily, samples: JT3068 to
JT3066; Vasiliki, samples: GR2929 to GR2928.

Eu-discoaster hamatus Subzone

Definition: Interval from the first occurrence of Eu-discoaster hamatus s.s.
(bottom) to the first occurrence of Minylitha convallis (top).

Comparison: The E. hamatus Subzone as defined here has a common lower
boundary with the E. hamatus Zone of Bramlette and Wilcoxon (1967) but
it represents a shorter biostratigraphic interval.

Assemblage: Calcidiscus leptoporus, C. macintyrei, Coccolithus pelagicus,
Eu-discoaster bellus, E. bollii, E. calcaris, E. coalitus, E. deflandrei, E. exilis,
E. hamatus, E. pansus, E. pseudovariabilis, E. variabilis, Geminilithella jafari,
G. rotula, Helicosphaera carteri, H. intermedia, H. orientalis, H. pacifica, H.
paleocarteri, H. stalis, Reticulofenestra spp., Sphenolithus abies, Syraco-
sphaera? fragilis, Tetralithoides symeonidesii, Triquetrorhabdulus rugosus.

Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples: 231-124 to
231-117. The thickness of the subzone at the reference locality is 19.8
metres.

Distribution: Giammoia 3, Sicily, samples: CP3124 to CP3130; Falconara
1, samples: JT3066 to JT3060; Limin Kieri, Zakynthos, samples: ZK33 to
ZKA40; Vasiliki, samples: GR2929 to GR2963.

Minylitha convallis Zone

Definition: Total range zone defined by the range of Minylitha convallis.

Comparison: The M. convallis Zone represents the interval from the upper
part of the E. hamatus Zone of Bramlette and Wilcoxon (1967) to the lower
part of the E. quinqueramus Zone of Gartner (1969).

Subdivision: Eu-discoaster pseudovariabilis Subzone, Eu-discoaster penta-
radiatus Subzone and Geminilithella rotula Subzone.

Remarks: Minylitha convallis Bukry, 1973, is a very characteristic nan-
nolith which was encountered as common or abundant in all our sections
that contain its range. This species has been neglected so far, possibly be-
cause of the incomplete description by the original author who described
only the less characteristic — and less birefringent side view — of M. convallis
(see the description of M. convallis, this paper).
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The first occurrences of E. pentaradiatus (= E. prepentaradiatus (Bukry)),
E. misconceptus (i.e. birefringent pentaradial discoasters) and E. quin-
queramus (i.e. E. quinqueramus (Gartner) including E. berggrenii (Bukry)),
as well as the last occurrences of E. hamatus and E. pentaradiatus fall within
the range of M. convallis and are used here for subzonal subdivisions.

Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples 231-116 to
231-80. This zone has a thickness of 59.1 metres at the reference locality.

Distribution: D.S.D.P. Site 369A, Sierra Leone Rise, samples: 369A-2 to
369A-1; Giammoia 3, Sicily, samples: CP3131 to CP3151; Scicli, samples:
CP4501 to CP4555; Falconara 1, Sicily, samples: JT3059 to CP3030; Fal-
conara 3, samples: JT1946 to JT1945; Scardilli, Sicily, samples: CP4301 to
CP4308; Solo River, samples: SR53 to SR50.

Eu-discoaster pseudovariabilis Subzone

Definition: Interval from the first occurrence of Minylitha convallis (bot-
tom) to the last occurrence of E. hamatus (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, Coccolithus pelagicus,
Eu-discoaster bellus, E. bollii, E. brouweri, E. calcaris, E. calyculus, E.
coalitus, E. deflandrei (rare), E. exilis (rare), E. giganteus, E. hamatus, E.
pansus, E. pentaradiatus, E. pseudovariabilis, E. variabilis, Geminilithella
jafari, G. rotula, Helicosphaera carteri, H. orientalis, H. pacifica, H. paleo-
carteri, H. stalis, Minylitha cownvallis, Reticulofenestra spp., Sphenolithus
abies, Syracosphaera? fragilis, Tetralithoides symeonidesii, Triquetrorhab-
dulus rugosus.

Subdivision: A further subdivision of this interval into two parts is pos-
sible in areas where E. pentaradiatus (= E. prepentaradiatus (Bukry)) is pre-
sent:

A) E. pseudovariabilis Subzone, Zonule a

Definition: Interval from the first occurrence of Minylitha convallis (bot-
tom) to the first occurrence of Eu-discoaster pentaradiatus (= E. prepenta-
radiatus (Bukry)) (top). Reference locality: D.S.D.P. Site 231, Gulf of Aden,
samples: 231-116 to 231-114. Thickness at this locality: 3.5 metres.

B) E. pseudovariabilis Subzone, Zonule b

Definition: Interval from the first occurrence of E. pentaradiatus (= E.
prepentaradiatus (Bukry)) (bottom) to the last occurrence of E. hamatus
(top). Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples: 231-113
to 231-110. Thickness: 6.3 metres.

Remarks: The suggested subdivision of the E. pseudovariabilis Subzone is
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not applicable in the Mediterranean sections due to the scarcity of E. penta-
radiatus. It may be useful, however, in extra-Mediterranean localities.
Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples: 231-116 to
231-110. Thickness at this locality: 9.8 metres.
Distribution: D.S.D.P. Site 369A, Sierra Leone Rise, samples: 369A-2 to
369A-1; Giammoia 3, Sicily, samples: CP3131 to CP3136; Falconara 1,
Sicily, samples: JT3059 to CP3009; Limin Kieri, Zakynthos, sample: ZK41.

Eu-discoaster pentaradiatus Subzone

Definition: Interval from the last occurrence of E. hamatus bottom to the
last occurrence of E. pentaradiatus (= E. prepentaradiatus (Bukry)) and/or
the first occurrence of E. misconceptus (i.e. birefringent pentaradial as-
teroliths), (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, Coccolithus pelagicus,
Eu-discoaster bellus, E. brouweri, E. calcaris (sporadic), E. coalitus, E.
giganteus, E. incompletus, E. loeblichii, E. neorectus, E. pansus, E. penta-
radiatus, E. pseudovariabilis, E. surculus. E. variabilis, Geminilithella jafari.
G. rotula, Helicosphaera carteri, H. orientalis, H. pacifica, H. paleocarteri,
H. stalis, Minylitha convallis, Reticulofenestra spp., Sphenolithus abies,
Syracosphaera? fragilis (rare), Tetralithoides symeonidesii, Triquetrorhab-
dulus rugosus.

Reference locality: D.S.D.P. Site 231, samples: 231-109 to 231-100.
Thickness at the reference locality: 10.8 metres.

Distribution: Giammoia 3, Sicily, samples: CP3137 and CP3138; Fal-
conara 1, Sicily, samples: CP3010 to CP3018.

Geminilithella rotula Subzone

Definition: Interval from the last occurrence of E. pentaradiatus (= E.
prepentaradiatus (Bukry)) and/or the first occurrence of E. misconceptus
(i.e. birefringent pentaradial asteroliths) (bottom) to the last occurrence
of Minylitha convallis (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, Coccolithus pela-
gicus, Eu-discoaster bellus, E. brouweri, E. calcaris (sporadic), E. giganteus,
E. incompletus, E. loeblichii, E. misconceptus, E. neorectus, E. pansus,
E. pseudovariabilis, E. quinqueramus, E. surculus, E. variabilis, Gemini-
lithella jafari, G. rotula, Helicosphaera carteri, H. orientalis, H. pacifica,
H. paleocarteri, H. stalis, Minylitha convallis, Reticulofenestra spp.,
Sphenolithus abies, Syracosphaera? fragilis (rare), Tetralithoides symeonide-
stt, Triquetrorhabdulus rugosus.
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Subdivision: The G. rotula Subzone is subdivided in two zonules which
are recognizable only in extra-Mediterranean areas.

A) Geminilithella rotula Subzone, Zonule a

Definition: Interval from the last occurrence of E. pentaradiatus and/or
the first occurrence of E. misconceptus (bottom) to the first occurrence of
E. quinqueramus (top). Reference locality: D.S.D.P. Site 231, Gulf of Aden,
samples: 231-99 to 231-89. Thickness: 27.9 metres.

B) Geminilithella rotula Subzone, Zonule b

Definition: Interval from the first occurrence of E. quinqueramus (bot-
tom) to the last occurrence of Minylitha convallis (top). Reference locality:
D.S.D.P. Site 231, Gulf of Aden, samples: 231-88 to 231-80. Thickness:
10.8 metres.

Reference locality: D.S.D.P. Site 231, samples: 231-99 to 231-80. Thick-
ness at the reference locality: 38.7 metres.

Distribution: Giammoia 3, Sicily, samples: CP3130 to CP3136; Falconara
1, Sicily, samples: JT3061 to CP3009; Limin Kieri, Zakynthos, sample:
ZK41.

Coccolithus pelagicus Zone

Definition: Interval zone from the last occurrence of Minylitha convallis
(bottom) to the first occurrence of the genus Amaurolithus (top).

Assemblage: Calcidiscus leptoporus, C. macintyrei, Coccolithus pelagicus,
Eu-discoaster bellus, E. brouweri, E. misconceptus, E. pansus, E. quin-
queramus, E. surculus, E. variabilis, Geminilithella jafari, G. rotula, Helico-
sphaera carteri, H. orientalis, H. pacifica, H. stalis, Reticulofenestra spp.,
Sphenolithus abies, Tetralithoides symeonidesii, Triquetrorhabdulus rugosus.

Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples: 231-80 to
231-69. Thickness at this locality: 24.3 metres.

Distribution: Giammoia 3, Sicily, samples: CP3152 to CP3155; Scicli,
Sicily, samples: CP4556 to CP4560; Falconara 2, Sicily, samples: CP3031 to
CP3034; Falconara 3, samples: JT1944 to JT1900; Scardilli, Sicily, samples:
CP4307 to CP4345; Skouloudhiana, Crete, samples: KSP1 to KSP36; Kastel-
li, Crete, samples: KT1 to KT38; Solo River, sample: SR49.

Amaurolithus primus Zone

Definition: Interval from the first occurrence of species of Amaurolithus
— generally A. primus — (bottom) to the first occurrence of Reticulofenestra
rotaria (top).
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Assemblage: Amaurolithus primus, A. delicatus, Calcidiscus leptoporus,
C. macintyrei, Coccolithus pelagicus, Eu-discoaster bellus, E. brouweri, E.
misconceptus, E. pansus, E. quinqueramus, E. surculus, E. variabilis, Gemini-
lithella jafari, G. rotula, Helicosphaera carteri, H. orientalis, H. pacifica, H.
paleocarteri, H. stalis, Tetralithoides symeonidesii, Triquetrorhabdulus
TUgosus.

Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples: 231-68 to
231-57. Thickness at the reference locality: 20.7 metres.

Distribution: Falconara 3, Sicily, samples: JT1901 to JT1905; Scardilli,
Sicily, samples: CP4346 to CP4355; Skouloudhiana, Crete, samples KSP37 to
KSP39; Kastelli, Crete, samples: KT39 to KT47; Solo River, samples: SR48
to SR47.

Reticulofenestra rotaria Zone

Definition: Total range zone defined by the range of Reticulofenestra
rotaria.

Assemblage: Amaurolithus primus, A. amplificus, A. delicatus, Calcidiscus
leptoporus, C. macintyrei, Coccolithus pelagicus, Eu-discoaster bellus, E.
brouweri, E. misconceptus, E. pansus, E. quinqueramus, E. surculus, E.
variabilis, Geminilithella jafari, G. rotula, Helicosphaera carteri, H. orientalis,
H. pacifica, H. paleocarteri, H. stalis, Reticulofenestraspp., R. rotaria, Tetrali-
thoides symeonidesii, Triguetrorhabdulus rugosus.

Remarks: The last rare occurrences of Helicosphaera orientalis, H. pacifica
and H. stalis have been recorded in this zone.

Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples: 231-56 to
231-49. Thickness at this locality: 18.9 metres.

Distribution: Falconara 3, Sicily, samples: JT1906 to JT1916; Scardilli,
Sicily, samples: CP4355 to CP4360; Kastelli, Crete, samples: KT47 to KT59;
D.S.D.P. Site 219, Laccadive Chagos Ridge, samples: 219-35 to 219-18; Solo
River, samples: SR45 to SR46.

Calcidiscus leptoporus Zone

Definition: Interval zone from the last occurrence of Reticulofenestra
rotaria (bottom) to the first occurrence of Ceratolithus rugosus (top).
Subdivision:

1. In Extra-Mediterranean areas:

A) Calcidiscus leptoporus Subzone A
Definition: Interval from the last occurrence of R. rotaria (bottom) to
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the last occurrence of E. quingqueramus and/or the first occurrence of Cera-
tolithus acutus and/or the last occurrence of Triquetrorhabdulus rugosus
(top).

Assemblage: Amaurolithus amplificus, A. delicatus, A. primus, Calci-
discus leptoporus, C. macintyrei, Coccolithus pelagicus, Ceratolithus acutus,
A. tricorniculatus, Eu-discoaster bellus, E. brouweri, E. misconceptus, E.
pansus, E. quinqueramus, E. surculus, E. variabilis, Geminilithella jafari,
G. rotula, Helicosphaera carteri, H. paleocarteri, Reticulofenestra spp.,
Tetralithoides symeonidesii, Triquetrorhabdulus rugosus.

Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples: 231-48 to
231-5. Thickness: 67.5 metres.

Distribution: D.S.D.P. Site 219, Laccadive-Chagos Ridge, Indian Ocean,
samples: 219-17 to 219-2; Solo River, Java, samples: SR45 to SR31.

B) Calcidiscus leptoporus Subzone B

Definition: Interval from the last occurrence of E. quinqueramus and/or
the first occurrence of Ceratolithus acutus (bottom) to the first occurrence
of Ceratolithus rugosus (top).

Assemblage: Amaurolithus delicatus, A. primus, Calcidiscus leptoporus, C.
macintyrei, Coccolithus pelagicus, Ceratolithus acutus, A. tricorniculatus,
Eu-discoaster bellus, E. brouweri, E. misconceptus, E. pansus, E. surculus,
E. variabilis, Geminilithella jafari, G. rotula, Helicosphaera carteri, H. paleo-
carteri, Reticulofenestra spp.

Reference locality: D.S.D.P. Site 231, Gulf of Aden, samples: 231-4 to
231-1. Thickness: 9 metres.

Distribution: D.S.D.P. Site 219, Laccadive Chagos Ridge, Indian Ocean,
sample: 219-1; Solo River, Java, samples: SR30 to SR28.

2. In the Mediterranean area:

A) Calcidiscus leptoporus Subzone MA

Definition: Interval from the last occurrence of R. rotaria to the beginning
of the barren interval which starts at the base of the “Calcare di base” (top).

Assemblage: Amaurolithus amplificus, A. delicatus, A. primus, Calcidiscus
leptoporus, C. macintyrei, Coccolithus pelagicus, Eu-discoaster bellus (rare),
E. brouweri, E. misconceptus, E. pansus. E. surculus, E. variabilis, Gemini-
lithella jafari, G. rotula, Helicosphaera carteri, H. paleocarteri, Reticulo-
fenestra spp., Tetralithoides symeonidesii, Triquetrorhabdulus rugosus.

Reference locality: Falconara 3, Sicily, samples: JT1917 to the base of the
“Calcare di base”. The thickness in this locality is estimated to be 30 metres.
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B) Calcidiscus leptoporus Subzone MB
Definition: Barren interval corresponding to the Messinian evaporite suc-
cession,

C) Calcidiscus leptoporus Subzone MC

Definition: Interval from the top of the evaporites to the first occurrence
of Ceratolithus rugosus.

Assemblage: Amaurolithus delicatus, A. primus, Calcidiscus leptoporus, C.
macintyrei, Coccolithus pelagicus, A. tricorniculatus, E. brouweri, E. miscon-
ceptus, E. pansus, E. surculus, E. variabilis, Geminilithella jafari, G. rotula,
Helicosphaera carteri, H. paleocarteri, Reticulofenestra spp.

Reference locality: Capo Rossello section, Sicily, samples: SI1A to SI10.
Thickness in this section: 35 metres.

TAXONOMIC NOTES

Information about all species of Helicosphaera, Eu-discoaster and Helio-
discoaster is presented in chapters 4 and 5. Here we confine our taxonomic
notes to all other nannofossil species mentioned in the descriptions of the
Miocene zones. The descriptions of these species are arranged in alphabetical
order of the generic names. The species are depicted in plates 1—11. Plates
12 and 13 present the index species of Eu-discoaster and Helicosphaera.

Genus Amaurolithus Gartner and Bukry, 1975

Amaurolithus amplificus (Bukry and Percival) Gartner and Bukry
(PL 1, figs. 3-8)

Ceratolithus amplificus Bukry and Percival, 1971, p. 125, pl. 1, figs. 9—11.
Amaurolithus amplificus (Bukry and Percival) Gartner and Bukry, 1975, pp. 454456, figs. 6g-1.

Amaurolithus delicatus Gartner and Bukry
(PL 1, figs. 9—11)

Amaurolithus delicatus Gartner and Bukry, 1975, pp. 456—457, figs. 7a-f.

Amaurolithus primus (Bukry and Percival) Gartner and Bukry
(PL 1, figs. 1, 2)

Ceratolithus primus Bukry and Percival, 1971, p. 126, pl. 1, figs. 12—14.
Amaurolithus primus {Bukry and Percival) Gartner and Bukry, 1975, p. 457, figs. 7g-1.
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Amaurolithus tricorniculatus (Gartner) Gartner and Bukry

Ceratolithus tricorniculatus Gartner, 1967, p. 5, pl. 10, figs. 4—6.
Amaurolithus tricorniculatus (Gartner) Gartner and Bukry, 1975, pp. 457458, figs. 8c-h.

Remarks: The close similarities among the earlier species of Amaurolithus
mean that these species cannot be used as individual markers. The first oc-

currence of representatives of the genus gives a useful datum-level in the
Upper Miocene.

Genus Calcidiscus Kamptner, 1950

Synonyms: Cyclococcolithus Kamptner, 1954: Tiarolithus Kamptner, 1958; Cycloplacolithus Kampt-
ner, 1963; Cycloplacolithella Haq, 1968 ; Cyclococcolithina Wilcoxon, 1970.

Calcidiscus leptoporus (Murray and Blackman) Loeblich and Tappan

Coccosphaera leptopora Murray and Blackman, 1898, pp. 430, 493, pl. 15, figs. 1-7.
Calcidiscus leptoporus (Murray and Blackman) Loeblich and Tappan, 1978, p. 1391.

Calcidiscus macintyrei (Bukry and Bramlette) Loeblich and Tappan
(PL. 2, figs. 4—6)

Cyclococcolithus macintyrei Bukry and Bramlette, 1969, p. 132, pl. 1, figs. 1-3.
Calcidiscus macintyrei (Bukry and Bramlette) Loeblich and Tappan, 1978, p. 1392.

Remarks: The first rare occurrence of both C. leptoporus and C. macin-
tyrei was recorded in the H. obliqua Subzone.

Calcidiscus premacintyrei n. sp.
(PL. 2, figs. 1-3)

? Cyclococcolithus leptoporus centrovalis Stradner and Fuchs, 1980, partim, pl. 5, figs. 1—3, non: pl.
5, figs. 4—9, pl. 6, figs. 2—6, pl. 7, figs. 1—6.

Etymology: From pre- and macintyrei.

Description: Large placoliths with subelliptical outline and an elliptical
central tube which has a relatively large opening and usually lacks calcareous
filling. The placoliths have a non-birefringent distal shield and a birefringent
proximal one. The extinction bands of the birefringent proximal shield curve
sinistrally in proximal view.

Differential diagnosis: C. premacintyrei can be distinguished from C. mac-
intyrei and C. leptoporus by the elliptical wall, the larger central opening and
the subelliptical outline. It differs from Coccolithus pelagicus by the more
rounded outline and the sinistral curvature of the extinction bands (in proxi-
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mal view). Large species of Reticulofenestra differ from C. premacintyrei by
having birefringent proximal as well as distal shields.

Remarks: Placoliths with the morphology of C. premacintyrei have also
been reported by Bukry (1973) from his S. heteromorphus Zone as C. cf. C.
macintyrei or as C. macintyrei with elliptic central areas.

Occurrence: The species was recorded from the H. obliqua Subzone to the
H. orientalis Subzone.

Holotype: Pl. 2, fig. 1, sample: CP3656, coordinates: 108, 2/4, 9.

Isotypes: Pl. 2, fig. 2, sample: CP3656; Pl. 2, fig. 3, sample: MT750.

Type level: E. musicus Subzone.

Type locality: Giammoia 2, Sicily.

Genus Ceratolithus Kamptner, 1950

Ceratolithus acutus Gartner and Bukry
(Pl 1, fig. 12)

Ceratolithus acutus Gartner and Bukry, 1974, p. 115, pl. 1, figs. 1—4.

Remarks: The species is absent in the Mediterranean sections, but it was
recorded as rare in the D.S.D.P. Sites 231 and 219. In both sites the first oc-
currence of C. acutus coincides with the last occurrence of E. quinqueramus.

Ceratolithus rugosus Bukry and Bramlette

Ceratolithus rugosus Bukry and Bramlette, 1968, p. 152, pl. 1, figs. 5-9.

Genus Hayella Gartner, 1969

Homonym: Hayella Roth, 1969
Synonym: Nannocorbis Miiller, 1974,

Hayella aperta n. sp.
(PL. 3, figs. 3-8)

Etymology: From aperture.

Description: Calcareous body resembling a short conical tube. It consists
of 30 to 35 elements which imbricate dextrally (when observed from the
smaller base of the cone); at both ends of the tube they terminate
radially and form two narrow shields.

Differential diagnosis: Hayella aperta is distinguished from H. situliformis
Gartner by the shorter cone and the large opening at the narrow end of the
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tube. H. gauliformis Troelsen and Quadros has comparable openings but a
longer cone. H. challengeri (Miiller) n. comb. is much smaller.

H. aperta superficially resembles G. rotula, in plane view, but it is easily
distinguished by its brighter birefringence and its conical shape which be-
comes apparent when the level of focus of the light microscope is changed.

Occurrence: From the T. carinatus Zone to the H. intermedia Subzone.
Holotype: Pl. 3, fig. 3, sample: 369A-18, coordinates: 104.0/11.6.

[sotypes: Pl. 3, fig. 4, sample: 369A-27; Pl. 3, fig. 5, sample: 369A-18; Pl. 3,
fig. 6, sample: 369A-21; P1. 3, fig. 7, sample: 369A-22; Pl. 3, fig. 8, sample:
369A-22.

Type level: H. walbersdorfensis Subzone.

Type locality: D.S.D.P. Site 369A, Sierra Leone Rise, Atlantic Ocean.

Hayella cﬁallengeri (Miiller) n. comb.

Nannocorbis challengeri Miiller, 1974, p. 593, pl. 15, figs. 4, 5.
Hayella sp. Perch-Nielsen, 1977, p. 750, pl. 41, fig. 10.
Remarks: This species was recorded from the C. pelagicus Zone to the C.

leptoporus Zone. It has been reported to range into the Lower Pliocene
(Miller, 1974).

Genus Geminilithella Backman, 1980

Geminilithella jafari (Miiller) Backman

Umbilicosphaera jafari Miiller, 1974, p. 394, pl. 1, fig. 3.
Geminilithella jafari (Miller) Backman, 1980, p. 52, pl. 1, figs. 16—17.

Geminilithella rotula (Kamptner) Backman
(Pl 3, figs. 1, 2)

Cyclococcolithus rotula Kamptner, 1956, p. 7.
Geminilithella rotula (Kamptner) Backman, 1980, p. 52, pl. 1, figs. 14, 15, pl. 8, fig. 3.

Genus Minylitha Bukry, 1973, emended

Type species: Minylitha convallis Bukry, emend. this paper.

Description: Nannoliths consisting of two concavo-convex calcite ele-
ments attached to each other by their convex surfaces.

Emendation: The generic diagnosis is emended to include nannoliths that
consist of a pair of calcite elements. The emendation is complementary to
the description of Bukry (1973) who based his diagnosis on only one of the
two elements that compose the nannoliths of this genus.
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Minylitha convallis Bukry, emended
(Pl 4, figs. 1-7)
Minylitha convallis Bukry, 1973, p. 679, pl. 3, figs. 12—-18.

Description: Nannoliths consisting of two polygonal convexo-concave cal-
cite elements. The elements are usually four-sided with the two adjacent
sides long and the other two sides short. The two elements are attached to
each other by their convex surfaces, the attachment being along their longer
axis. Between crossed nicols, the basal or apical view of M. convallis roughly
resembles the letter X and in this view the specimens show maximum bire-
fringence.

Remarks: Bukry (1973) observed only the side view of M. convallis. His
description is, therefore, incomplete and does not permit the identification
of specimens in basal (or apical) view.

The construction of M. convallis does not indicate a “relation” with a
pentalith as suggested by Bukry. It is more likely that the nannolith of M.
onvallis is a complete nannolith and not a fragment of a larger structural
anit such as a placolith or a pentalith.

Occurrence: The species is common or abundant throughout the M. con-
vallis Zone.

Genus Reticulofenestra Hay, Mohler and Wade, 1966

Synonym: Cyclicargolithus Bukry, 1971.

Reticulofenestra ampliumbilicus n. sp.

(PL. 5, figs. 5—7)

Etymology: From amplus (= spacious, Lat) and umbilicus.

Description: Large placoliths with subcircular and often circular outline, a
large central opening, and birefringent distal and proximal shields.

Differential diagnosis: The placoliths of R. ampliumbilicus have a larger
central opening, narrower shields and a more circular outline than those of
R. pseudoumbilicus.

Occurrence: R. ampliumbilicus occurs sporadically throughout the S.
heteromorphus and the E. exilis Zones.

Holotype: Pl. 5, fig. 5, sample: CP4579, coordinates: 104.6/10.7.

Isotypes: Pl. 5, fig. 6, sample: CP4580; pl. 5, fig. 7, sample: CP4579.

Type level: H. orientalis Subzone.

Type locality: Scicli, Sicily.
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Reticulofenestra floridana (Roth and Hay) n. comb.
(PL 5, fig. 8)

Coccolithus floridanus Roth and Hay, 1967, p. 445, pl. 6, fig. 14,
Cyclicargolithus floridanus (Roth and Hay) Bukry, 1971, p. 312.

Remarks: Bukry introduced the genus Cyclicargolithus (type species:
Cyclicargolithus floridanus) for circular placoliths with a birefringent proxi-
mal and distal shield. In doing so he disregarded the genus Reticulofenestra
whose placoliths have identical optical properties and ultrastructure and
often a circular outline.

Reticulofenestra rotaria n. sp.

(PL. 5, tigs. 1—4)

Etymology: From rota (= wheel, Lat.). The name refers to the circular
outline of the species.

Description: Small (57 microns) circular placoliths with a relatively large
circular central opening. Both proximal and distal shield are brightly bire-
fringent between crossed nicols.

Differential diagnosis: R. rotaria differs from all other species of Reticulo-
fenestra by the circular outline and the relatively large and rounded central
opening.

Occurrence: The species is common throughout the R. rotaria Zone.

Holotype: PL. 5, fig. 1, sample: 219-12, coordinates: 119.6/9.6.

Isotypes: PL. 5, fig. 2, sample: 219-30; Pl. 5, fig. 3, sample: JT1910; P 5
fig. 4, sample: 219-25.

Type level: R. rotaria Zone.

Type locality: D.S.D.P. Site 219, Laccadive-Chagos Ridge, Indian Ocean.

’

Reticulofenestra spp.

Remarks: This taxonomic label is given to all other Miocene Reticulo-
fenestra species (e.g. R. pseudoumbilicus, R. gelidus, R. minutula, R. haqii, R.
minuta). These species comprised the largest part of the nannofossil content
of our samples, but because of their gradational morphological features they
could not always be identified.

Genus Rhabdosphaera Haeckel, 1894

Rhabdosphaera spp.

Remarks: In our Miocene samples the rhabdoliths are represented mainly
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by Rhabdosphaera claviger Murray and Blackman, 1898 and Rhabdosphaera
procera Martini, 1969. No attempt was made, however, to distinguish these
two species which are presented in our range charts as Rhabdosphaera spp.,

Genus Solidopons n. gen.

Etymology: Combination of the words solidus (= solid, Lat.) and pons (=
bridge, Lat.).

Diagnosis: Placoliths with an elliptical outline, a central opening, a bire-
fringent proximal shield and a non-birefringent distal one. The central opening
is spanned by a single, arched bridge. The bridge is highly birefringent and it
is optically discontinuous from the main body of the placolith from which it
is separated by two distinct sutures. The bridge consists of microcrystals that
merge into a single element.

Differential diagnosis: Cenozoic placoliths with a bridge (or bridges) trans-
versing their central opening are classified in the genera Chiasmolithus Hay,
Mohler and Wade, Cruciplacolithus Hay and Mohler, Placozygus Hoffman
and Gephyrocapsa Kamptner. The bridges of these genera, however, are dis-
tinguished from the bridge of Solidopons by being composed of two or
several segments that meet along a suture at the centre of the bridge.

Type species: Solidopons petrae n. sp.

Solidopons petrae n. sp.
(Pl. 6, figs. 1-7)

Etymology: In honour of Miss Petra van der Schaar for her moral support
and her valuable technical assistance during the completion of this publica-
tion.

Description: Elliptical placoliths with a large central opening. The bridge is
(sub)parallel to the shorter axis of the placolith and it is highly arched in
distal direction. The distal shield is not birefringent in contrast to the proximal
shield and the bridge which are bright between crossed nicols.

Occurrence: This species occurs sporadically from the H. ampliaperta
Zone to the E. exilis Zone.

Holotype: Pl. 6, fig. 1, sample: 219-39, coordinates: 104.1/6.2.

Isotypes: Fig. 2, sample: CP4566; fig. 3, sample: 369A-17; fig. 4, sample:
369A-57; fig. 5, sample: 219-39; fig. 6, sample: 369A-59; fig. 7, sample:
369A-12. All figures in plate 6.

Type level: H. obliqgua Subzone.

Type locality: D.S.D.P. Site 219, Laccadive-Chagos Ridge, Indian Ocean.
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Genus Sphenolithus Deflandre, 1952

Sphenolithus abies Deflandre, 1954
(PL. 8, figs. 8, 9)

Sphenolithus abies Deflandre, in Deflandre and Fert, 1954, p. 164, pl. 10, figs. 1—4.
Sphenolithus neoabies Bukry and Bramlette, 1969, p. 140, pl. 3, figs. 9--11.

Sphenolithus belemnos Bramlette and Wilcoxon, 1967
(PL 7, figs. 1—4)

Sphenolithus belemnos Bramlette and Wilcoxon, 1967, p. 118, pl. 2, figs. 1-3.

Sphenolithus heteromorphus Deflandre, 1953
(PL. 7, figs. 5-12)

Sphenolithus heteromorphus Deflandre, 1953, p. 1786, figs. 1, 2.

Sphenolithus moriformis (Brénnimann and Stradner) Bramlette and
Wilcoxon
(PL. 8, figs. 1-3)
Nannoturbella moriformis Brénnimann and Stradner, 1960, p. 7, figs. 11—-16.
Sphenolithus pacificus Martini, 1965, p. 407, pl. 36, figs. 1-6.

Sphenolithus moriformis (Brénnimann and Stradner) Bramlette and Wilcoxon, 1967, pp. 124—126, pl.
3, figs. 1-6.

Genus Syracosphaera Kamptner, 1941

Syracosphaera? fragilis n. sp.
(PL 9, figs. 1-4)

Etymology: The name refers to the fragile appearance of these nannoliths.

Description: Circular coccoliths with a narrow rim. The central area is
filled with elongated bars which radiate from the centre towards the rim and
are separated by slits. The slits that separate the bars become narrower to-
wards the centre. A short stem is visible at the centre of the coccolith.

Differential diagnosis: The only other species with comparable outline is
Syracosphaera beogradiensis Jercovic (1971). However, neither slits nor
a central stem are visible in the picture presented by Jercovic.

Occurrence: S? fragilis was found only in the Mediterranean sections from
the H. orientalis Subzone to the G. rotula Subzone.

Holotype: Pl. 9, fig. 1, sample: CP4581, coordinates: 118.5/6.2.
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Isotypes: Pl. 9, fig. 2, sample: AU163;PL 9, fig. 3, sample: CP4581; PL. 9,
fig. 4, sample: CP4561,

Type level: H. orientalis Subzone.

Type locality: Scicli, Sicily.

Genus Tetralithoides n. gen.

Etymology: Combination of the words tetras (= group of four, Gr.), lithos
(= stone, Gr.) and the suffix -oides (latin modification of -oeides = similar
to, Gr.).

Diagnosis: Calcareous bodies consisting of a narrow outer ring of low-bire-
fringent elements surrounding four polygonal segments.

Type species: Tetralithoides symeonidesii.

Tetralithoides symeonidesii n. sp.

(PL. 9, figs. 5-12)

Etymology: In honour of Prof. Dr. N. Symeonides of the Department of
Geology of the State University of Athens, Greece.

Description: A species of Tetralithoides with an elliptical and lowbire-
fringent outer cycle of elements. The central area is optically discontinuous
from the outer ring. The four segments that fill the central area of the ring
are arranged in pairs of two relatively larger elements along the longer axis of
the ellipse and two relatively smaller ones along the shorter axis. The optical
behaviour of the two pairs is slightly different; they appear alternatively
darker or brighter upon rotation.

Occurrence: The species occurs from the T. milowii Zone to the R. rotaria
Zone.

Holotype: Pl. 9, fig. 5, sample: 372-101, coordinates 120.9/6.2.

Isotypes: Pl. 9, fig. 6, sample: 369A-13;PL. 9, fig. 7, sample: 369A-63; Pl.
9, fig. 8, sample: 369A-15; PL. 9, fig. 9, sample: 369A-63; Pl. 9, fig. 10, sam-
ple: 369A-64; Pl. 9, fig. 11, sample: 369A-25; PL. 9, fig. 12, sample: 369 A-
25.

Type level: H. obliqua Subzone.

Type locality: D.S.D.P. Site 372, Menorca Rise, W. Mediterranean.

Genus Triquetrorhabdulus Martini 1965

Triquetrorhabdulus carinatus Martini
(PL. 10, figs. 1, 2, 5, 6)

Triquetrothabdulus carinatus Martini, 1965, pp. 394—411, pls. 3337, text-fig. 153.
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Remarks: The species is common in the samples of D.S.D.P. Site 369A
but it is absent from the Mediterranean sections.

Triquetrorhabdulus challengeri Perch-Nielsen
(PL. 10, figs. 9, 10)

Triquetrorhabdulus challengeri Perch-Nielsen, 1977, p. 749, pl. 36, figs. 3,7, 8,10, 11, pl. 49, fig. 1.

Remarks: T. challengeri was recorded as rare only in the D.S.D.P. Site
369A.

Triquetrorhabdulus extensus n. sp.
(Pl. 11, figs. 4—6)

Etymology: The name refers to the extended third (‘“‘apical”) blade of the
nannoliths of this species.

Descriptions: A species of Triquetrorhabdulus consisting of two smaller
equal blades and a third one which is much larger and roughly triangular.
The surface of the larger blade shows a slight striation perpendicular to the
smaller blades. The species is not birefringent between crossed nicols.

Occurrence: This species was recorded only in the C. leptoporus Subzone
A and B of the D.S.D.P. Site 219.

Holotype: Pl. 11, figs. 4—6, sample: 219-3, coordinates: 112.8/7.5.

Type level: C. leptoporus Zone.

Type locality: D.S.D.P. Site 219, Laccadive-Chagos Ridge, Indian Ocean.

Triquetrorhabdulus finifer n. sp.
(Pl. 11, figs. 7—10)

Etymology: Combination of the words fin and fero (= bear, Gr.) referring
to the fin-like apical blade of this species.

Description: A species of Triquetrorhabdulus with a very large and cres-
cent-shaped apical blade. The species lacks birefringence.

Differential diagnosis: T. finifer is distinguished from T. extensus by the
larger and crescent-shaped apical blade.

Occurrence: T. finifer was recorded as rare in the C. leptoporus Subzone B
of the D.S.D.P. Site 219.

Holotype: PL. 11, figs. 7, 8, sample: 219-1, coordinates: 117.9/7.6.

Isotype: PL. 11, figs. 9, 10, sample: 219-1.

Type level: C. leptoporus Subzone B.

Type locality: D.S.D.P. Site 219, Laccadive-Chagos Ridge, Indian Ocean.
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Triquetrorhabdulus martinii Gartner
(PL. 10, figs. 11-16)

Triquetrorhabdulus sp. Martini, 1965, p. 408, pl. 36, figs. 4—6.

Triquetrorhabdulus martinii Gartner, 1967, pp. 6, pl. 10, figs. 1a—c, 2a—c, 3a—b.

Orthorhabdus serratus Bramlette and Wilcoxon, 1967, p. 114, pl. 9, figs. 5—10; Miiller, 1974, pl. 12,
fig. 12,

Remarks: This species is distinguished from all other species of Triguetro-
rhabdulus by the strong curvature at one of its ends. When observed in polar-
ized light it shows highest contrast at an orientation of 90 degrees to the
polarization plane, which is in contrast to all other birefringent species of
Triquetrorhabdulus which show highest contrast at a position parallel to the
plane of polarization (compare pl. 10. figs. 14--16 with pl. 10, figs. 5—8).

Triquetrorhabdulus milowii Bukry
(PL. 10, figs. 3,4, 7, 8)
Triquetrorhabdulus milowii Bukry, 1971, p. 325, pl. 7, figs. 9-12.

Remarks: The nannoliths of this species are short and broad and they are
often curved. The curvature of T. milowii is less pronounced than that of T.
martinii.

Triquetrorhabdulus rugosus Bramlette and Wilcoxon

(PL. 11, figs. 1—3)

Triquetrorhabdulus rugosus Bramlette and Wilcoxon, 1967, p. 128, pl. 9, figs. 17, 18.
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Chapter 4

HELICOLITHS

INTRODUCTION

Excellent electron micrographs of most species of Helicosphaera have
rbeen presented by many authors (e.g. Haq, 1968, 1971, 1973; Hay et al,,
r\l 967; Boudreaux and Hay, 1969; Clocchiatti, 1969; Miiller, 1970; Bukry,
1971; Gartner, 1971; Perch-Nielsen, 1971). In spite of the extensive pictorial
documentation of this genus, our knowledge of the ultrastructure of the
“helicolith” remains, nonetheless, incomplete. This is reflected by the
poor definitions of most species — which are often based only on the size
land on the general outline.

Haq (1973) presented an outline of the evolution of most species of
Helicosphaera. Our revision of the specific and the generic characters of this
genus, however, has resulted in another picture of the connections between
the different species based on their structural similarities.

In the lineages presented in figure 60 the ranges of the pre-Neogene spe-
cies are based on the ranges given by Haq.

TERMINOLOGY

A number of terms have been introduced in order to facilitate the descrip-
tions. These terms are explained in figure 51.

STRUCTURE OF THE HELICOLITHS

All helicoliths are composite constructions consisting of three, closely
appressed, structural units: the blanket, the flange and the proximal plate.
A “dismantled” helicolith has been drawn in figure 52 to demonstrate the
spatial interrelationship of these units and to give insight into their structure.
In reality the three structural units of the helicolith do not have such distinct
boundaries as those drawn in figure 52 but they fuse at the surfaces along
which they are attached to each other.

The proximal plate (fig. 52a)

This is the simplest structural unit of the helicolith. It consists of “radi-
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Fig. 52. Structural units of the helicoliths.

ally” arranged wedge-shaped and lath-like elements. The elements are juxta-
posed without imbrication. Three different types of proximal plates can be
distinguished:

Type L. Proximal plates without central opening(s). The elements of the
opposite long sides of the elliptical plate meet along the longer axis of the
ellipse and form a suture (principal suture), fig. 53a, or a slit (fig. 53b).

Type 1. Proximal plates with a large central opening. The elements do not
meet at the centre of the plate, leaving a large central opening (fig. 53c). The
central opening may be transversed by a set of elements whose orientation is
different from that of the elements of the plate and which are defined here
as the “bridge” (fig. 53d).

The elements that constitute the bridge are usually assembled into two
composite segments divided by a suture. These segments may be roughly
triangular of roughly rectangular.

Type II1. Proximal plates with central openings and a bar. Some of the ele-
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ments of this type of proximal plates meet at the centre of the plate and
form a ‘“bar” (i.e. a bridgeike structure but composed of elements that
belong to the plate) which is flanked by two central openings. The central
openings may be rounded (fig. 53e) or elongated (fig. 53f). When elongated
the central openings may or may not make an angle with the longer axis of
the plate. This angle may be ‘“‘inverse” or “normal” as demonstrated by
figures 51c and 51d respectively.

Proximal plate type | Proximal plate type

The blanket (fig. 52c)

This unit is situated on the distal surface of the proximal plate, extends
through the opening of the flange (fig. 52b) and covers the distal surface of
the flange. Cross-sections of the blanket reveal a multi-layered construction
of lamellar elements superimposed like bricks in a wall (pl. 14, figs. 4,6).
This organization of the elements of the blanket is not directly visible in
intact specimens however, because the elements of the uppermost layer of
the blanket are usually fused (pl. 14, fig. 1). Three types of blankets are
distinguished on the basis of the degree in which they cover the distal sur-
face of the helicolith:

Type [. Blankets that cover only the central area of the helicolith (fig.
54a).
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Type 1I. Blankets that cover the metapterygal part (fig. 51j) and the cen-

tral area of the helicolith (fig. 54b).
Type IIL Blankets that cover the entire distal surface of the helicolith (fig.

54c).

a - Blanket type | b - Blanket type Il ¢ - Blanket type Il

Types of blanket. (a) Type I with a blanket confined to the central area of the helicolith,
(b) Type II with a blanket covering the central area and the metapterygal part and (c) Type

III with a blanket covering the entire distal surface.

Fig. 54.

The flange (fig. 52b)

This is the structural unit that gives the helicoid appearance to the helico-
liths. The periphery of the flange extends beyond the peripheries of the pre-
viously described structural units and therefore the outline of the flange con-

Flange type | Fiange type Il
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Fig. 55.
drawn here to represent helicoliths with flange type I and flange type II, respectively.
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trols the outline of the helicolith. The flange is sandwiched between the
blanket and the proximal plate.

Two different types of flange have been observed. Figures 55 a and b pre-
sent helicoliths with a flange type 1 and a flange type 2 respectively, and
figures 56 and 57 illustrate the structural characteristics of each type.

Common characteristics of the two types of flanges

Two different types of elements are involved in the construction of both

flange types:

|
|
|
; L/ Farge e l

Fig. 56. Structural characteristics of flange type 1. (a) curved elements, (b) lath-like elements, (c)
double edge, (d) single edge, (e) and (f} enlarged cross-sections demonstrating the mode
of imbrication of the curved elements, (p.p.) proximal portion of the curved elements (d.p.)
distal portion of the curved elements, (w) wall of the curved elements. The walls of the
curved elements diminish gradually in height in anti-clockwise direction, whereas the length
of their proximal and distal portions remains nearly constant.
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a) Curved elements (figs. 56a, 57a and Pl. 14, fig. 5):

These elements are roughly U-shaped in cross-section and exhibit a distal
portion, a wall and a proximal portion. They are juxtaposed in such a way
that their walls show no imbrication, but both their proximal and distal por-
tions imbricate sinistrally (figs. 56e, 57e). The parts of the flange which are
composed of the curved elements produce a double edge in side view. This will
be referred to in the following as the “double edge” of the flange (figs. 56¢,
69c¢).

b) Lath-like elements (figs. 56b, 57b):

Flange type It

Fig. 57. Structural characteristics of flange type II. (a) curved elements, (b) lath-like elements, (c)
double edge, (d) single edge, (e) and (f) enlarged cross-sections demonstrating the mode of
imbrication of the curved elements, (p.p.) proximal portion of the curved elements (d.p.)
distal portion of the curved elements, (w) wall of the curved elements. The height of the
walls of the curved elements remains nearly constant in anti-clock wise direction, whereas
the proximal portions become longer at the expense of the distal ones.
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helicoliths. They are arranged with sinistral imbrication and form a “single
edge” in side view (figs. 56d, 57d).

The characteristic helicoid appearance of both types of flanges is created
by a gradual transformation of the curved elements into the lath-like ones.

The mode of this gradual modification is demonstrated in figures 56 and 57.

Differences between flange types

The difference between the two types of flange can be observed in distal
view.,

Flange type I (fig. 56)

The elements of this type of flange have a nearly uniform length in distal
view. Consequently, the helicoliths with this type of flange have a continu-
ous distal surface, an elliptical distal periphery, do not have a wing and do
not look helicoidal in distal view( fig. 55a). In side view of the metapterygal
part, the walls of the curved elements diminish in length towards the single

edge.

Flange type II (fig. 57)

The flanges of type II show a gradual or abrupt diminution of the distal
portions of their curved elements; this takes place from the widest part of
the flange (the wing) towards the position of “termination of the wing” (i.e.
the position where the distal portions of the elements of the wing obtain
their shortest size, figs. 51a, b). This results in a discontinuous distal surface
of the flange and in the helicoid appearance of the flange in distal view (fig.
55b). The walls of the curved elements of flange type II remain nearly con-
stant.

OPTICAL PATTERN OF THE HELICOLITHS

All helicoliths are birefringent between crossed nicols. The bright part of
the interference figure is restricted to that area of the helicolith which is
covered by the blanket (figs. 58a, b, c). This part of the interference figure,
therefore, is useful for an indirect observation of the type of the blanket in
the light microscope.

The optical behaviour of the “bridge” of the proximal plate differs from
that of the rest of the helicolith and, as a rule, the bridge appears bright and
dark alternately upon rotation of the specimens between crossed nicols. Two
distinct and usually V-shaped sutures mark the places where the bridge is
attached to the proximal plate. “Bars”, on the contrary, are optically con-
tinuous with the rest of the helicolith.

The interference figures of the helicoliths are classified in the following
categoties:
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Interference figure type I (fig. 58a)

Interference figures that consist of a highly birefringent area at the centre,
surrounded by an area with lower birefringence. This area of lower bire-
fringence will be referred to in the following as the “optical rim”.

Interference figure type II (fig. 58b)

Figures with an optical rim only along the periphery of the prepterygal
part of the helicolith. In crossed nicols the lighted area of the helicoliths
with this type of interference figure often appears dimmer than the lighted
area of helicoliths with interference figures of types I and III.

Interference figure type I1I (fig. 58¢)
Interference figures without an optical rim.

Fig. 58. Optical pattern of the helicoliths; Light micrographs (lower half of figure) and interpreta-
tion (upper half). For explanation see text.

GENERIC AND SPECIFIC CHARACTERISTICS OF THE HELICOLITHS

The presence of the flange consisting of two different types of elements is
the main feature which distinguishes the helicoliths from all other nannofos-
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sil genera. The type of flange can be used for a subdivision of the helicoliths
into two structural groups:

The helicoliths with a flange type I are the earliest forms and all, except
H. gertae, are confined to the Eocene and Oligocene (fig. 61). They are clas-
sified here as Helicosphaera Group L.

The helicoliths with flange type Il are classified as Helicosphaera Group 1I.
The helicoliths of Group II have their first appearance in the Late Eocene
and persist up to the present.

Transitional types between the two groups of Helicosphaera have not been
observed.

All other structural and morphological features of the helicoliths (i.e. the
outline of the flange, the type of the blanket, the features of the proximal

plate and the type of the interference figure) are used here for a specific clas-
sification.

a Blanket

b Flange

¢ Proximal plate

a; 2nd wall

by 15t wall

c; Proximal plate

ap Cover plates
LOPADOLITH Cy by Shields (proximal, distal)

L |

Fig. 59. Comparison of the structural units of the helicoliths, the lopadoliths and the placoliths.
Equivalent units are indicated by the same letter.
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Hypothetical
intermediate
stages

Helicosphaera Group |

Pontosphaera

Fig. 60.

Model demonstrating the possible steps in the development of the two groups of helicoliths
from the lopadoliths of Pontosphaera. The helicoliths of Group I might have developed
from the lopadoliths by asymmetric compression and subsequent fusion of the elements of
the rim of Pontosphaera. The helicoliths of Group Il might have developed from those of
Group I by the formation of a “wing” giving the helicoliths a helicoid appearance in distal
view, The features of the proximal plate (e.g. bridge, central openings) have been inten-
tionally omitted; this was done in order to draw attention to the rim-flange modification
which is fundamental in the development of the helicolith.

ORIGIN OF HELICOSPHAERA

The lopadoliths of Pontosphaera usually consist of a proximal plate simi-
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lar to that of Helicosphaera, an outer wall equivalent to the flange, and an
inner wall made of lamellar elements and arranged in the same manner as the
elements of the blanket (fig. 59). The genus Pontosphaera, therefore, is as-
sumed here to be the ancestor of Helicosphaera. A similar opinion about the
generic evolution of Helicosphaera has been expressed by Romein (1979).
Haq (1973, p. 34) speculated that the genus Helicosphaera evolved from
an elliptical placolith. This suggestion, however, lacks a structural basis be-
cause the placoliths, although they possess structural units equivalent to the
flange and the blanket of the helicolith (fig. 59), lack a proximal plate. Fur-
thermore, the distal shield of the placoliths, which should correspond to the
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distal portion of the flange of the helicoliths, generally shows a dextral im-
brication.

Figure 60 presents our opinion about the possible morphological transfor-
mations through which the helicoliths of the two groups of Helicosphaera
may have been derived from the lopadoliths of Pontosphaera.

SPECIFIC EVOLUTION OF THE HELICOLITHS

The ranges of all Helicosphaera species are presented in figure 61 where
they are arranged in groups of species with close structural similarities. The
ranges of the pre-Neogene species have been compiled from the literature
(Haq, 1973).

TAXONOMY

Family PONTOSPHAERACEAE Lemmermann, 1908

Definition: Coccolithophores which bear lopadoliths.

Subfamily Helicosphaeroidae new subfamily

Definition: Shallow lopadoliths with two walls (i.e. flange and blanket)
and a proximal plate. The flange is modified to a single and a double edge.

Type genus: Helicosphaera Kamptner emended, this paper.

Discussion: Black (1971, p. 615) introduced the monogeneric family
Helicosphaeraceae. His concept of the flange as being constructed of petaloid
elements arranged in a “single spiral band” has been incorporated in his diag-
nosis of the family. Such a concept is not in agreement with our interpreta-
tion of the construction of the flange.

Jafar and Martini (1975, pp. 388; 389) emended the family Helico-
sphaeraceae Black, 1971, by introducing a diagnosis based on the overall
morphology of the coccosphere. Such a diagnosis, however, is not practical
as the number of observed coccospheres is very limited. In the entire litera-
ture only fourteen coccospheres have been depicted (Clocchiatti, 1969;
Gaarder, 1970; Jafar, 1975; Jafar and Martini, 1975; Okada and Mclntyre,
1977; and Nishida, 1979) and nearly all of them belong to the same species
(H. carteri sensu lato, except a few of H. hyalina by Gaarder and H. pavi-
mentum by Okada and McIntyre). The definition of the family based on the
shape of the coccosphere, as suggested by Jafar and Martini, is, therefore,
ahead of the evidence.
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Genus Helicosphaera Kamptner emended

Diagnosis: Shallow lopadoliths possessing a flange with a helicoid appear-
ance at least in proximal view.

Type species: Helicosphaera carteri (Wallich) Kamptner, 1954; Basionym:
Coccosphaera carteri Wallich, 1877.

Emendation: The generic diagnosis is emended to comply with the struc-
ture of the helicoliths as described in the preceding paragraphs. More pre-
cisely, the elements of the flange are arranged radially and not in the helicoid
manner described by Kamptner (1954).

Remarks: In introducing the genus Helicosphaera, Kamptner (1954, pp.
21,73;figs. 17--19) attempted to interpret the construction of the helicoliths.
His concept of the flange as a spiral of lath-shaped elements that winds
around a “central plate” (“. .. Spirale um das elliptische Mittelstiick . . .”) is
clearly demonstrated by his drawings which are reproduced in figure 62.
What seems to be one and a half whorls of lath-like elements in his figure 17a
is further exaggerated in figure 17c where he draws a double edge on the
metapterygal side. The double edge could have been present in that position
only if the elements had been wound for two and a quarter whorls.

17 19

Fig. 62. Reproduction of the original drawings of Kamptner (1954) accompanying his description of
Helicosphaera.

Kamptner’s interpretation of the flange is reflected in most of the litera-

ture. The flange is described as winding for one and a half convolutions
(Black and Barnes, 1961; Hay and Towe, 1962; Roth, 1970; Ellis, Lohman
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and Wray, 1972), or as overlapping (Romein, 1979) or as being composed of
petaloid or cuneate — in any case non curved — elements (Deflandre and
Fert, 1954; Okada and Mclntyre, 1977). All three descriptions carry the
same implication: a flange built by a single band of linear elements, which
spirals around an axis.

In the analysis of the structure of the helicolith we demonstrated that all
clements of the flange are arranged radially and not as a spiral. The helicoid
appearance of the flange is induced simply by a gradual modification of the
elements — from curved to lathlike.

Nomenclatural notes: The first valid publication of the generic name
Helicosphaera is in Kamptner, 1954. The lack of a formal diagnosis does not
invalidate the name as suggested by Hay and Towe (1962), as the original
publication of Kamptner contains an extensive description and thus com-
plies with I.C.B.N. articles 32.1.c and 41.1.a (the reader is referred also to
Loeblich and Tappan, 1966 and to Jafar and Martini, 1975).

Hay and Mohler (1967) introduced Helicopontosphaera as a substitute for
Helicosphaera Kamptner which they considered, erroneously though, to be
invalid as not being typified.

Clocchiatti (1969) and Jafar and Martini (1975) showed that Helico-
sphaera Kamptner did not lack a type species. These authors used identical
arguments (i.e. Coccosphaera carteri Wallich is identical to Helicosphaera
carteri (Wallich) Kamptner on the basis of the shape and the coccolith ar-
rangement in their coccospheres), and rejected Helicopontosphaera as being
superfluous.

The name Helicopontosphaera has not been rejected unanimously, how-
ever, and it is found in more recent publications (e.g. Gartner, 1977).

Here the name Helicopontosphaera is regarded as a junior synonym of
Helicosphaera.

Subdivision: The genus is subdivided into two structural groups.

HELICOSPHAERA GROUP I

Diagnosis: Helicoliths with a helicoid appearance only in proximal view
(i.e. helicoliths with flange type I).

Remarks: H. bramlettei Miiller (synonym: Helicopontosphaera wilcoxonii
Gartner) is the only species in Group I that does not have a smooth, elliptical
outline; a strong serration of the periphery of the flange results in the for-
mation of a winglike expansion. In spite of this winglike expansion the
flange of this species has a continuous distal surface and it does not appear
helicoid in distal view.
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Helicosphaera seminulum Bramlette and Sullivan

(pl. 15, fig. 1, pl. 24, fig. 2)

Helicosphaera seminulum seminulum Bramlette and Sullivan, 1961, p. 144, pl. 4, figs. 1a—c, 2; Hay
and Towe, 1962, partim, p. 512, pl. 1, fig. 1, non pl. 1, fig. 2.

Helicosphaera seminulum Bramlette and Sullivan. Black, 1968, p. 802, pl. 147, fig. 4; Miller, 1981,
p.433,pl.1, fig. 2.

Helicopontosphaera seminulum (Bramlette and Sullivan) Stradner, 1969, p. 419, pl. 87, figs. 19, 20;
Perch-Nielsen, 1971, partim, p. 44, pl. 34, fig. 4, pl. 35, figs. 1, 2, pl. 36, fig. 2, non pl. 35, figs. 5,
6, pl. 36, figs. 4, 7, 8; Haq, 1973, p. 46, pl. 1, fig. 4, pl. 3, figs. 7, 8; Pexch-Nielsen, 1977, pl. 21,
fig. 4, pl. 22, fig. 7.

non: Helicosphaera seminulum Bramlette and Sullivan; Gartner, 1967, p. 5, pl. 7, figs. 1—4; Stradner
and Edwards, 1968, p. 38, pl. 39, fig. 1, pl. 40, figs. 1-5.

Description: The outline of the helicoliths of this species is symmetrically
elliptical. The proximal plate is elliptical with a large central opening span-
ned by a subhorizontal to normally inclined bridge. The bridge is divided
into two rows of elements by a suture along its longer axis. In SEM observa-
tions this suture is visible only in proximal view, as the distal side of the
bridge is covered by the elements of the blanket. The blanket covers com-
pletely the distal surface of the helicolith (blanket-type III). The periphery
of the flange is usually smooth but specimens with a slight serration of their
metapterygal part have also been observed. The ratio of the double edge to
the single edge of the flange is approximately 3 : 1.

Optical pattern: The helicoliths of this species have an interference pat-
tern of type III. The bridge is optically discontinuous from the main body
of the helicolith.

Differential diagnosis: Helicosphaera seminulum is distinguished from H.
lophota by its more symmetrical outline, the thinner and lesser inclined
(usually subhorizontal) bridge and the larger and more rounded central open-
ings. H. dinesenii and H. heezenii have blankets that cover the central open-
ings. H. bramlettei is closely related to H. seminulum but it is easily distin-
guished from it by the pointed wing-like expansion of the flange. H. com-
pacta has a nearly round outline and possesses a bar instead of a bridge. H.
papillata is easily distinguished from H. seminulum by the characteristic pits
of the blanket.

Remarks: No specimens with a reticulum at the central opening have been
observed. Roth (1970) mentioned a “grille’ among the characteristics of this
species but it is likely that he observed specimens of H. gartneri n. sp. which
often possess such a structure.

Occurrence: H. seminulum ranges within the interval from the CP10
through the CP14 Zone. The species was rare in section Caravaca and com-
mon in sections Aspe and Nahal Avdat.
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Helicosphaera bramlettei (Miiller) Jafar and Martini
(PL. 15, figs. 2—7, pl. 24, fig. 6)

Helicosphaera seminulum (Bramlette and Sullivan) seminulum Bramlette and Sullivan. Hay and Towe,
1962, partim, p. 512, pl. 1, fig. 2, non pl. 1, fig. 1.

Helicosphaera aff. H. seminulum Bramlette and Sullivan. Bramlette and Wilcoxon, 1967, p. 106, pl. 5,
figs. 11, 12.

Helicopontosphaera bramlettei Miiller, 1970, partim, p. 114, pl. 5, figs. 5, 6, non pl. 5, fig. 4; Hagq,
1973, p. 36, pl. 3, figs. 3, 4; Baldi-Beke, 1977, pl. 4, figs. 3, 9, 10.

Helicopontosphaera wilcoxonii Gartner, 1971, p. 110, pl. 2, figs. 1—4; Haq, 1973, pp. 46, 47, pl. 34,
figs. 1, 2.

Helicopontosphaera lophota (Bramlette and Sullivan) Bukry. Perch-Nielsen, 1971, partim, p. 43, pl.
34, figs. 1, 2, pl. 36, fig. 1, non pl, 36, fig. 2.

Helicopontosphaera seminulum (Bramlette and Sullivan) Stradner. Perch-Nielsen, 1971, partim, p. 44,
pl. 35, fig. 5, pl. 36, figs. 4, 7, 8, non pl. 34, fig. 4, pl. 35, figs. 1, 2, 6, pl. 36, fig. 2.

Helicopontosphaera (?) lophota (Bramlette and Sullivan) Bukry. Haq, 1971, p. 116, pl. 10, figs. 8, 9.

Helicosphaera bramlettei (Miller) Jafar and Martini, 1975, p. 390.

Helicosphaera wilcoxonii (Gartner) Jafar and Martini, 1975, p. 391.

Helicosphaera seminulum Bramlette and Sullivan. Miiller, 1979, pl. 8, fig. 7.

Helicosphaera sp. aff. H. seminulum Bramlette and Sullivan. Miller, 1981, p. 433, pl. 1, fig. 3.

Description: The helicoliths of this species are asymmetrically elliptical
(i-e. broader at their pterygal part). The flange is not smoothly rounded (in
contrast to the flanges of the other species of Group I) but it has a crescent-
shaped wing-like expansion which exhibits several pointed projections
(spurs). The size of this expansion varies from as small as that of Helico-
sphaera aff. H. seminulum of Bramlette and Wilcoxon (1967) to as large as
that of Helicopontosphaera wilcoxonii Gartner, 1971.

The proximal plate is elliptical with a large central opening which is trans-
versed by a diabolo-like bridge. The outline of the remaining parts of the
opening (on both sides of the bridge) depends entirely upon the orientation
of the bridge, appearing elongated to kidney-shaped when the bridge is in-
clined, or round when the bridge is (sub)horizontal.

The bridge is formed by two rows of clements. A suture is present along
the longer axis of the bridge in proximal view. The attachment of the bridge
to the proximal plate is marked by two V-shaped sutures. The bridge is ob-
scured, distally, by the elements of the blanket.

The blanket is of type III. The ratio of the double edge to the single edge
is approximately 3 : 1.

Optical pattern: Interference figure type III. The bridge is optically dis-
continuous from the rest of the helicolith with two distinct extinction bands
at the attachment to the flange. A fainter extinction band is often seen along
the axis of the bridge.

Differential diagnosis: Helicosphaera bramlettei (Miiller) differs from all
other species of the Helicosphaera Group I by the pointed wing-like expan-
sion at the periphery of the flange.
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The wing of H. bramlettei is comparable but not identical to the wings of
the species of Helicosphaera Group 1I; it resembles a “break” or an “‘irregu-
larity” of the periphery of the flange and does not give the helicolith a
helicoid appearrance in distal view.

Emendation: We emend the concept of Helicosphaera bramlettei to ex-
clude forms resembling the specimen of plate 5, fig. 4 of Miiller (1970) and
to include specimens comparable to H. wilcoxonii (Gartner).

Remarks: The isotype (Miiller, 1970, pl. 5, fig. 4, SEM micrograph) in the
introduction of Helicopontosphaera bramlettei has a flange of type II and its
outline is narrower and more symmetrically elliptical than the holotype of the
species. This isotype is assigned here to H. gartneri n. sp.

Both Miiller (1970) and Gartner (1971) considered their new species (H.
bramlettei and H. wilcoxonii, respectively) to be similar to Helicosphaera aff.
H. seminulum of Bramlette and Wilcoxon and both depicted specimens sim-
ilar to those of Bramlette and Wilcoxon (cf. holotype of H. bramlettei and
isotype of H. wilcoxonii, pl. 2, fig. 3). In our opinion, H. wilcoxonii and H.
bramlettei should be regarded as variants of one species with a variable con-
figuration of the wing.

Occurrence: This species ranges from the CP15 Zone to the CP19 Zone.
H. bramlettei was recorded as common in the Umbarca samples, Egypt.

Helicosphaera lophota Bramlette and Sullivan

(Pl. 24, fig. 1)

Helicosphaera seminulum lophota Bramlette and Sullivan, 1961, p. 144, pl. 4, figs. 3a, b, 4.

Helicopontosphaera lophota (Bramlette and Sullivan) Bukry et al., 1971, p. 1300; Haq, 1973, p. 40,
pl. 1, figs. 1-3, pl. 3, figs. 9, 10; Perch-Nielsen, 1977, pl. 21, figs. 2, 5, 6, pl. 22, fig. 6.

Helicosphaera lophota (Bramlette and Sullivan) Jafar and Martini, 1975, p. 391; Miller, 1981, p. 433,
pl. 1, fig. 1.

non: Helicopontosphaera lophota (Bramlette and Sullivan) Bukry et al., Perch-Nielsen, 1971, p. 43,
pl. 34, figs. 1, 2, pl. 36, figs. 1, 2.

Description: The helicoliths are large and asymmetrically elliptical (broad-
er at their pterygal part). The proximal plate is elliptical with a large central
opening spanned by a bridge. The bridge is nearly parallel to the longer axis
of the helicolith and consists of two rows of elements arranged in a fish-bone
pattern. The two rows are divided by a suture aligned with the axis of the
bridge.

The flange and the proximal plate are constructed of relatively robust and
often irregular crystal elements. The blanket covers the entire distal surface
of the helicolith (type 1II). The elements of the blanket imbricate dextrally.
The ratio of the double edge to the single edge is approximately 3 : 1.
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Optical pattern: Interference pattern type IIL.

Differential diagnosis: Helicosphaera lophota is distinguished from all
other helicosphaeres of Group I by being more robust and by its more
strongly asymmetrical outline. H. seminulum and H. bramlettei have thinner
and lesser inclined bridges flanked by larger openings. Furthermore the
flange of H. bramlettei possesses a pointed wing-like expansion. H. heezenii
and H. dinesenii have a rhomboidal proximal plate and possess a blanket that
covers the entire central opening distally. H. papillata has a multiperforated
blanket. H. compacta has a nearly circular outline and a bar instead of a
bridge.

Occurrence: According to Haq (1973) H. lophota ranges from the CP10
Zone to the CP15 Zone. This species was common in the interval from the
CP11 to the CP14 Zone of the sections Caravaca, Aspe and Nahal Avdad.

Helicosphaera papillata (Bukry and Bramlette) Jafar and Martini
(PL 16, fig. 2, pl. 24, fig. 5)
Helicopontosphaera papillata Bukry and Bramlette, 1969, pp. 133, 134, pl. 2, figs. 1, 2; Haq, 1973,
pp. 40—42, pl. 2, figs. 2, 3, pl. 7, fig. 9; Perch-Nielsen, 1977, partim, pl. 21, fig. 1, non pl. 21, fig.

3.
Helicosphaera papillata (Bukry and Bramlette) Jafar and Martini, 1975, p. 391.

Description: The helicoliths of this species are asymmetrically elliptical
to broadly rhomboidal. The proximal plate is rhomboidal to broadly ellipti-
cal and its central opening is transversed by a bridge with a strong normal
inclination. Both the bridge and the central opening are covered distally by
the blanket.

The blanket is of type III and is ornamented by numerous perforations.
The perforations do not penetrate the flange and the proximal plate, and
therefore are visible only in distal view in the SEM.

The ratio of the double edge to the single edge is approximately 3 : 1.

Optical pattern: The interference figure is of type III with an optically
discontinuous bridge. The fine perforations of the blanket appear as darker
spots.

Differential diagnosis: The fine perforations of the blanket are very char-
acteristic of this species. H. dinesenii and H. heezenii also possess perforated
blankets but their pores are less numerous and confined to the central area
of the blanket.

Emendation: The perforations of the blanket of H. papillata have been
mistaken by the original authors for nipple-like protuberances (= papillae).
No such projections have been observed on the surface of the helicolith.

Occurrence: From the CP11 to the CP13 Zone. The species was rare in the
CP11 Zone of section Aspe.
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Helicosphaera dinesenii (Perch-Nielsen) Jafar and Martini

(PL 24, fig. 4)

Helicopontosphaera dinesenii Perch-Nielsen, 1971, partim, pp. 42, 43, pl. 35, figs. 3, 4, pl. 36, figs. 3,
9, 11, pl. 61, figs. 6, 7, non pl. 36, fig. 6;Haq, 1973, p. 37, pl. 1, fig. 6, pl. 2, figs. 4, 5, pl. 3, figs.
11,12.

Helicosphaera dinesenii (Perch-Nielsen) Jafar and Martini, 1975, p. 390.

Helicopontosphaera papillata Bukry and Bramlette. Perch-Nielsen, 1977, partim, pl. 21, fig. 3, non
pl. 21, fig. 1.

non: Helicosphaera dinesenii (Perch-Nielsen) Jafar and Martini, Miiller, 1979, pl. 8, fig. 8.

Description: The helicoliths are asymmetrically or symmetrically ellipti-
cal. The proximal plate is thomboidal or broadly elliptical and has a large cen-
tral opening transversed by a bridge. The bridge is nearly aligned with the
longer axis of the plate and consists of two composite segments separated by
a suture.

The blanket is of type III and covers, distally, the central opening of the
proximal plate. The central area of the blanket is multiperforated.

Optical pattern: The interference figure of H. dinesenii is of type III. The
perforations of the blanket can be seen as darker spots in the central area of
the specimens.

Differential diagnosis: This species closely resembles H. heezenii from
which it differs in the number of perforations of the blanket (the latter has
only two rows of perforations) and in the narrower bridge. H. papillata is
perforated all over the surface of the blanket.

Occurrence: This species is restricted to the zones CP13 and CP14. H.
dinesenii was rare in the Umbarca samples, Egypt. Very few, possibly re-
worked specimens, were encountered at a higher interval (CP15) in sample
PL16 from Calabria, S. Italy.

Helicosphaera heezenii (Bukry) Jafar and Martini
(PL. 16, fig. 1, pl. 24, fig. 3)
Helicopontosphaera heezenii Bukry, 1971, pp. 318—320, pl. 5, figs. 1-5; Haq, 1973, p. 37, pl. 1, fig.

S, pl. 3, figs. 5, 6.

Helicopontosphaera salebrosa Perch-Nielsen, 1971, partim, pp. 43, 44, pl. 34, fig. 5, non pl. 36, figs.

5,10, pl. 37, fig. 5, pl. 61, figs. 8, 9.

Helicosphaera heezenii (Bukry) Jafar and Martini, 1975, p. 390.

Description: The helicoliths are asymmetrically elliptical, being slightly
broader at their pterygal part. The prox1mal plate is nearly thomboidal and
its central area is filled entirely by a brldge The bridge consists of two rows
of elongated elements separated by a suture along the longer axis of the

bridge.
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The blanket is of type Il and is ornamented by two rows of perforations
which are situated along the longer sides of the underlying bridge. These
perforations are consistently present on the helicoliths of this species and are
not the result of dissolution as speculated by Bukry (1971).

Optical pattern: The interference pattern is of type IIL.

Differential diagnosis: Helicosphaera heezenii differs from H. lophota in
the alignment of the bridge with the longer axis of the helicolith and in pos-
sessing a perforated blanket. It differs from H. dinesenii in having a broader
bridge and only two rows of perforations in the central area of the blanket.

Occurrence: Haq (1973) reported this species from zones CP13 and CP14.
It was rare in the Umbarca samples, Egypt.

Helicosphaera compacta Bramlette and Wilcoxon
(PL. 16, figs. 6—8, pl. 24, fig. 7)

Helicosphaera compacta Bramlette and Wilcoxon, 1967, p. 105, pl. 6, figs. 5—8.

Helicopontosphaera compacta (Bramlette and Wilcoxon) Hay, 1970, p. 458; Roth, 1970, partim, pp.
861, 862, pl. 10, fig. 2, non pl. 10, fig. 4; Haq, 1971, pp. 114, 115, pl. 7, figs. 4, 5, pl. 8, figs.
6—8,pl. 9, figs. 1—3; Haq, 1973, pp. 36, 37, pl. 7, figs. 1, 2; Baldi-Beke, 1977, partim, pl. 4, figs. 5,
6, non pl. 4, figs. 1, 2.

Helicosphaera moorkensii Steurbaut, 1983, pp. 328, pl. 1, figs. 1—9.

Description: The helicoliths of this species are large with a broadly ellipti-
cal to round outline. The proximal plate is elliptical and bears two small cen-
tral openings which are aligned with its longer axis and are separated by a
short bar with no inclination. Specimens with only a principal suture, al-
though rare, have also been observed.

The majority of the specimens of this species have blankets confined to
the central area and the metapterygal part of the helicolith (blanket-type II).

The ratio of the double edge to the single edge is approximately 3 : 1.

Optical pattern: The interference figure of H. compacta is usually of type
II. Specimens with interference figure of type III have also been observed,
but this might be the result of overgrowth.

Differential diagnosis: H. compacta Is the only species of Group I of
Helicosphaera with a bar instead of a bridge.

Occurrence: This species ranges from CP14 to CP19. H. compacta was
common in all the samples from Calabria, S. Italy and Umbarca, Egypt.

Helicosphaera gertae Bukry
Helicosphaera gertae Bukry, 1981, p. 463, pl. 5, figs. 5—13, pl. 6, figs. 1-4.

Remarks: This species has not been observed in our samples but it has

112



been included here in order to complete the lineages of Helicosphaera. Ac-
cording to the pictures of Bukry Helicosphaera gertae has close morphologi-
cal and optical similarities to H. compacta; it can be distinguished from it,
however, by the characteristic proximal expansion of the flange (cf. Bukry,
1981, pl. 6, fig. 1).

Occurrence: Bukry (1981) reported this species from the Lower Miocene
(CN1).

HELICOSPHAERA GROUP II

Diagnosis: Helicoliths with a helicoid appearance both in proximal and in
distal view (helicoliths with flange type I1).

Helicosphaera reticulata Bramlette and Wilcoxon

(PL 16, figs. 35, pl. 24, fig. 8)

Helicosphaera reticulata Bramlette and Wilcoxon, 1967, p. 106, pl. 6, fig. 15.

Helicopontosphaera reticulata (Bramlette and Wilcoxon) Roth, 1970, p. 863, pl. 10, fig. 5;Haq, 1973,
pp-42,44,pl. 2, fig. 1, pl. 3, figs. 1, 2; Perch-Nielsen, 1977, pl. 22, fig. 4.

Helicopontosphaeta salebrosa Perch-Nielsen, 1971, partim, pp. 43, 44, pl. 36, figs. 5, 10, pl. 61, figs.
8,9, pl. 37, fig. 5, non: pl. 34, fig. 5.

Helicopontosphaera dinesenii Perch-Nielsen, 1971, partim, pp. 42, 43, pl. 36, fig. 6, non: pl. 35, figs.
3,4, pl. 36, figs. 3,9, 11.

Description: The helicoliths of H. reticulata are large and have a rhom-
boidal to broadly rectangular outline. A short and usually pointed wing
protrudes at the middle of the pterygal side of the helicolith. The distal sur-
face of the helicolith is pitted.

The proximal plate is of type II; it has a rhomboidal outline and bears a
large central opening spanned by a normally inclined bridge. The bridge con-
sists of two roughly triangular, composite segments and it is separated from
the proximal plate by lateral sutures.

Proximally and close to the wing the flange forms a short proximal expan-
sion.

The blanket covers only part of the helicolith, leaving the metapterygal
margin of the flange exposed distally. The blanket is penetrated by two rows
of perforations situated along the sides of the bridge. The exposed meta-
pterygal margin of the flange is ornamented by one or two rows of pits
which follow roughly the periphery of this margin.

The ratio of the double edge to the single edge of the flange is approxi-
mately 1: 1.

Optical pattern: The helicoliths of H. reticulata have an interference
figure of type II with a highly birefringent bridge.
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Differential diagnosis: H. reticulata is readily distinguished from all other
helicosphaeres by the rhomboidal outline and the characteristic ornamenta-
tion of its distal surface.

Occurrence: H. reticulata ranges from the CP14 Zone to the CP16 Zone.
It was common in the Umbarca samples and the samples from Calabria. A
few specimens were found in the CP14 Zone of the section Aspe.

Helicosphaera recta (Haq) Jafar and Martini
(PL. 17, figs. 12, pl. 25, fig. 2)
Helicosphaera seminulum Bramlette and Sullivan subsp. recta Haq, 1966, p. 34, pl. 2, fig. 6, pl. 3, fig.
4.
Helicosphaera truncata Bramlette and Wilcoxon, 1967, pp. 106, 107, pl. 6, figs. 13, 14.
Helicopontosphaera recta (Haq) Martini, 1969, p. 136; Miiller, 1970, p. 115, pl. 5, figs. 13, pl. 6, fig.
2; Haq, 1971c, partim, pp. 116, 117, pl. 6, figs. 8—12, pl. 7, figs. 1--3, pl. 8, figs. 1, 2, pl. 10, figs.
1—4, non: pl. 6, fig. 13; Haq, 1973, p. 42, pl. 4, fig. 1, pl. 5, figs. 3, 4; Perch-Nielsen, 1977, pl. 22,
fig. 1, pl. 23, figs. 13, pl. 26, figs. 1, 3, 5; Baldi-Beke, 1977, pl. 4, fig. 4.
Helicosphaera recta (Haq) Jafar and Martini, 1975, p. 391.

Description: The helicoliths of this species are relatively large and have a
rectangular outline. They are most often asymmetrical with the pterygal part
of the helicolith broader than the antipterygal one.

The proximal plate is of type III with two large, rounded central openings
and a (sub)horizontal bar.

The distal portions of the elements of the flange form a pointed wing
which protrudes on the pterygal side of the helicolith. On the same side of
the helicolith (the proximal portions of) the flange elements form a proximal
expansion which gives the characteristic rectangular outline to the helicolith.
The longest elements of the wing often fuse into one or two thick and point-
ed “spur(s)”.

The blanket covers only the metapterygal part of the helicolith and leaves
the prepterygal periphery of the flange exposed distally. The elements of the
flange which are exposed along that periphery often show dissolution fea-
tures such as pits or perforations.

The ratio of the double edge to the single edge is approximately 1 : 1.

Optical pattern: The helicoliths of H. recta are weakly birefringent be-
tween crossed nicols. Their interference figure is of type II.

Differential diagnosis: H. recta is distinguished from both H. perch-
nielseniae and H. obliqua by the larger central openings and the normal in-
clination of the bar. Further differences can be observed in the shape and
position of the proximal expansion of these three species.

Occurrence: This species occurs from Zone CP19 to Subzone CN1a.
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Helicosphaera perch-nielseniae (Haq) Jafar and Martini, emended
(PL. 13, fig. 3, pl. 17, figs. 3, 4, pl. 25, fig. 1)

Helicopontosphaera compacta (Bramlette and Wilcoxon) Hay. Roth, 1970, partim, pp. 861, pl. 10, fig.
4, non: pl. 10, fig. 2; Baldi-Beke, 1977, partim, pl. 4, figs. 1, 2, non: pl. 4, figs. 5, 6.

Helicopontosphaera perch-nielsenasae Haq, 1971, partim, p. 116, pl. 10, figs. 5, 6, non: pl. 10, fig. 7.

Helicopontosphaera perch-nielseniae Haq. Haq, 1973, p. 42, pl. 4, fig. 5, pl. 5, figs. 5, 6.

Helicosphaera perch-nielseniae (Haq) Jafar and Martini, 1975, p. 391.

non: Helicopontosphaera perch-nielseniae Haq. Perch-Nielsen, 1977, pl. 23, fig. 9.

Description: The helicoliths of this species are relatively large. Their out-
line is asymmetrically rectangular, the pterygal part being broader than the
antipterygal side.

The proximal plate is of type I1I with two elongated central openings and
a bar inversely inclined.

The distal portions of the elements of the flange form a pointed wing
which terminates abruptly, close to the middle of the pterygal side. On the
same side, proximal portions of the elements of the flange extend outwards
and form a proximal expansion. The longest elements of the wing are fused
into a thick and pointed spur.

The blanket is confined to the central area and the metapterygal part of
the helicolith. The elements of the prepterygal margin of the flange are ex-
posed distally.

The ratio of the double edge to the single edge is approximately 1 : 1.

Optical pattern: The helicoliths of H. perch-nielseniae are weakly bire-
fringent and have an interference figure of type II.

Differential diagnosis: H. perch-nielseniae (Haq) emended differs from H.
obliqgua by the larger size and the broader and more rectangular outline of
the helicoliths. It is distinguished from H. recta by the inversely inclined bar
and central openings. H. orientalis (syn. H. philippinensis Miiller) is much
smaller, has a symmetrically rectangular outline, lacks a proximal expansion
and usually shows an optical rim all along the periphery of the interference
figure. H. preorientalis n. sp. is much smaller than H. perch-nielseniae and is
less elongated and nearly square. H. elongata n. sp., on the other hand, is a
much more elongated form and symmetrically rectangular.

Emendation: We emend the diagnosis of this species to include only large
and broadly rectangular helicoliths with the bar and central openings in-
clined inversely.

Remarks: In the original diagnosis of H. perch-nielseniae Haq (1971) took
into consideration only the pointed wing and the closed central openings of
the proximal plate. The pointed wing is a common feature of a number of
Helicosphaera species (e.g. H. recta, H. obliqua, H. elongata n. sp., H. ori-
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entalis, H. acuta n. sp.), all of which, except H. recta may possess closed cen-
tral openings. The characteristics described by Haq, therefore, can be used
for the determination of this species, only in conjunction with the inverse
inclination of the bar (and of the central openings), the broadly rectangular
outline, and the proximal expansion of the helicoliths.

Occurrence: According to Haq (1973) this species has its first occurrence
in the Middle Oligocene (NP23). It has been recorded in our samples (Um-
barca, Egypt) from as low as zone CP17 and it ranges up to the top of the H.
perch-nielseniae Zone of our zonation.

Helicosphaera obliqua Bramlette and Wilcoxon
(PL. 17, fig. 5, pl. 25, fig. 4)

Helicosphaera obliqua Bramlette and Wilcoxon, 1967, p. 106, pl. 5, figs. 13, 14; Miller, 1981, p. 433,
pl. 3, fig. 8.

Helicopontosphaera perch-nielsenasae Haq, 1971, partim, p. 116, pl. 10, fig. 7, non: pl. 10, figs.
5,6.

Helicopontosphaera obliqua (Bramlette and Wilcoxon) Haq, 1971, p. 116; Haq, 1973, p. 40, pl. 4, fig.
6, pl. 5, figs. 7, 8; Perch-Nielsen, 1977, pl. 23, figs. 4—8, pl. 24, fig. 2.

Description: The helicoliths are small to medium sized and have a spindle-
like outline. The proximal plate is of type III with two inversely orientated
central openings and a bar. The central openings vary from broad to slit-like.

The elements of the flange form a pointed and abruptly terminating wing
and a pointed proximal expansion which protrude at the middle of the
pterygal side making that side look like a swallow’s tail. The longest elements
of the wing form a spur.

The blanket reaches as far as the periphery of the prepterygal part of the
flange. Along this periphery, the distal surface of the flange remains exposed.

The ratio of the single edge to the double edge is approximately 1 : 1.

Optical pattern: The interference figure of H. obliqua is of type II and is
dimly birefringent.

Differential diagnosis: H. obliqua is distinguished from H. perch-nielseniae
by the smaller size and the spindle-like outline.

H. elongata n. sp. is more elongated and has a rectangular outline. H. recta
is consistently larger, has an asymmetrically rectangular outline, rounded
central openings and a horizontal to normally inclined bar.

Occurrence: This species ranges from the CP19 Zone to the Miocene H.
orientalis Subzone of our zonation.

116



Helicosphaera elongata n. sp.
(PL. 17, figs. 69, pl. 25, fig. 3)

Helicopontosphaera perch-nielseniae Haq; Perch-Nielsen, 1977, pl. 23, fig. 9.

Etymology: Because it is elongated.

Diagnosis: A species of Helicosphaera Kamptner emended with an elon-
gated rectangular outline, an abrupt, pointed wing and inversely inclined cen-
tral slits.

Description: The rectangular outline of the helicolith is elongated and
symmetrical. The wing is pointed and terminates at the middle of the pte-
rygal side. A pointed proximal expansion can be seen on the same side. A
spur is often present on the wing. The proximal plate is of type III with a bar
and two central openings varying from slits to more open elongated. The
central openings are inclined inversely and their direction makes an acute
angle with the longer axis of the helicolith. Less frequently the central open-
ings are aligned with the longer axis of the proximal plate. The blanket is
confined to the central area and the metapterygal part of the helicolith. The
periphery of the flange along the prepterygal part remains exposed distally.

Optical pattern: The interference figure of H. elongata is of type 1I and
appears weakly birefringent between crossed nicols.

Differential diagnosis: For differentiation of H. elongata from H. acuta n.
sp. the reader is referred to the differential diagnosis of the latter species.
The two species are well separated in time; H. elongata n. sp. has its last oc-
currence in the Middle Miocene, whereas the first occurrence of H. acuta is
in the Late Pliocene. H. elongata n. sp. differs from the related H. perch-
nielseniae, H. obliqua and H. recta in the more elongated rectangular outline.

Occurrence: The earliest presence of H. elongata in our samples has been
recorded in the E. deflandrei Subzone. The species ranges upwards to the
H. intermedia Subzone. It is sporadic in all our Mediterranean sections. In
D.S.D.P. Site 369A, Atlantic, it is common throughout most of its range.
H. elongata was absent from the Lower Miocene samples of D.S.D.P. Site
219, Indian Ocean.

Holotype: Pl. 17, fig. 6, sample: 369A-10, coordinates: 111, 3/7, 5.

Isotypes: Pl. 17, fig. 7, sample: 369A-10; Pl. 17, fig. 8, sample: 369A-41;
Pl. 17, fig. 9, sample: 369A-49.

Type level: H. intermedia Subzone.

Type locality: D.S.D.P. Site 369A, Sierra Leone Rise, Atlantic Ocean.
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Helicosphaera orientalis Black

(Pl 13, fig. 4, pl. 17, fig. 11, pl. 18, figs. 2—5, pl. 25, fig. 6)

Helicosphaera orientalis Black, 1971, p. 619, pl. 45, 3, fig. 22.
Helicopontosphaera orientalis (Black) Jafar, 1975, pp. 77, 78, pl. 9, figs. 16—17, 19—21.
Helicosphaera philippinensis Miiller, 1981, p. 429, pl. 1, figs. 7—12.

Description: This species is small and symmetrically rectangular. The wing
is pointed and terminates abruptly at the beginning of the metapterygal side.
The central openings are slits of variable width and are inclined inversely.

The blanket leaves the distal margin of the flange exposed (blanket type
).

Optical pattern: The bright area of the interference figure is highly bire-
fringent and it is surrounded by an optical rim (interference pattern type I).
The optical rim is broader along the periphery of the prepterygal part.

Differential diagnosis: The wings of the related H. recta, H. perch-niel-
seniae, H. obliqua and H. elongata show a limited number of elements of de-
creasing length, that follow the longest and usually pointed element of the
flange (spur). The wing of H. orientalis does not possess such a succession
of gradually shorter elements but terminates directly after the pointed por-
tion.

H. orientalis is closely related to H. pacifica Miiller and Brénnimann, but
it does not have a porous centre.

Remarks: The holotype of H. orientalis Black (1971, pl. 45. 3, fig. 22) is
clearly a badly preserved specimen. Nevertheless, the essential characters (i.e.
the rectangular outline, the pointed wing and the inverse central slits) are
clearly visible. The principal suture, however, has been broadened by dissolu-
tion. H. philippinensis Miiller has been introduced as a species with a “cen-
tral field”” which differs from that of H. orientalis (Miiller, 1981, p. 429). We
believe that this difference is due only to the state of preservation.

Occurrence: From the H. orientalis Subzone to the R. rotaria Zone. H.
orientalis is abundant or common in all our Mediterranean sections as well as
in the D.S.D.P. Site 369A and the samples from Trinidad. It is scarce in the
D.S.D.P. sites from the Idian Ocean.

Helicosphaera cf. H. orientalis Black
(PL. 17, fig. 10, pl. 18, fig. 1, pl. 25, fig. 5)

Remarks: This name is given to helicoliths with characteristics intermedi-
ate between H. orientalis and H. perch-nielseniae. These helicoliths are larger
and more square than H. orientalis but nevertheless they are too small to be
included within H. perch-nielseniae. Such helicoliths are restricted to the S.
heteromorphus Zone but they are extremely rare.
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Helicosphaera pacifica Miiller and Brénnimann

(PlL. 18, figs. 68, pl. 25, fig. 7)
Helicosphaera pacifica Miiller and Brénnimann, 1974, pp. 661, 662, pl. 1, figs. 1—-10.

Description: The helicoliths are small with a symmetrically rectangular
outline. The wing terminates abruptly at the beginning of the metapterygal
side but it is not pointed. The central area is perforated by numerous pores
which create the impression of a reticulum. Two slits with inverse inclination
are present in the multiperforate central area. The blanket is of type 1.

Optical pattern: The bright area of the interference figure of H. pacifica is
surrounded by a narrow optical rim. The perforated central area of the
helicolith remains dark between crossed nicols.

Differential diagnosis: H. pacifica can be easily confused with partly dis-
solved specimens of H. orientalis. Perfect specimens of H. orientalis, how-
ever, are distinguished by their non-porous centre which appears bright be-
tween crossed nicols, and by their pointed wing. For the differentiation of
H. pacifica from H. inversa, the reader is referred to the description of the
latter species.

Occurrence: Miiller (1981) reported this species from NN7 to NN11.

Helicosphaera acuta n. sp.
(PL. 18, figs. 911, pl. 25, fig. 8)

Etymology: From acutus (= acute, Lat.).

Diagnosis: A species of Helicosphaera Kamptner, emended, narrow and
long elliptical and with an abruptly terminating wing. It possesses one or
more often two inversely orientated central openings.

Description: The helicoliths are medium-sized, narrow and symmetrically
long, elliptical. The wing terminates abruptly close to the middle of the
pterygal side and does not possess a spur. The proximal plate is of type III
with two small and slightly elongated central openings and a bar which are
inclined in inverse direction. Rare specimens exhibit either a single opening,
or two openings aligned with the longer axis of the helicolith. In such cases
identification is still possible on the basis of the outline of the helicolith and
the typically abrupt wing. The distance between the two central openings is
variable. The elements of the blanket cover the entire distal surface of the
helicolith, except part of the wing.

Optical pattern: The interference figure of H. acuta is of type Il and it is
brightly birefringent.

Differential diagnosis: H. acuta n. sp. is distinguished from all earlier
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helicospheres with abrupt wings and inversed central openings (e.g. H.
obliqua, H. orientalis, H. elongata n. sp.) by the elliptical outline and the dif-
ferent type of interference pattern. H. inversa has the same type of inter-
ference figure as H. acuta, but it is smaller, it has larger central openings and
a more rectangular outline. Specimens of H. acuta with central openings
aligned with the longer axis of the helicolith are distingnishable from H. car-
teri by their different outline and the pointed wing.

Occurrence: This species has been observed only in samples belonging to
CN12—CN13 from the D.S.D.P. Site 397.

Holotype: Pl. 18, fig. 10, sample: 397-15-3, coordinates: 111.4/10.6.

Isotypes: Pl. 18, fig. 9, pl. 18, fig. 11. Both isotypes from sample 397-15-
3.

Type level: Pleistocene, CN13 Zone.

Type locality: D.S.D.P. Site 397, off Cape Bojador (W. Africa).

Helicosphaera inversa (Gartner) n. comb.

(PL. 25, fig. 9)

Helicopontosphaera inversa Gartner, 1977, p. 23, pl. 1, figs. 4a, b, 5a—c. Invalid, ICBN art. 37.

Helicosphaera inversa (Gartner) Haq and Berggren, 1978, p. 1192. Invalid, ICBN art. 43.

Helicopontosphaera inversa Gartner, 1977 ex Gartner 1979, INA newsl., vol. 1, no. 1, p. C2. Invalid,
ICBN art. 45,

Helicopontosphaera inversa Gartner 1977 ex Gartner 1980, INA newsl., vol. 2, no. 1, p. 35.

Description: The helicoliths are medium-sized and have a symmetrical,
rectangular outline. The wing terminates abruptly at the beginning of the
metapterygal side, The proximal plate is of type Il with large and rounded
central openings and a bar with inverse inclination. The blanket is of type
[11.

Optical pattern: The interference figure of H. inversa is of type III.

Differential diagnosis: H. inversa is distinguished from H. sellii (Bukry and
Bramlette) emend. by the rectangular outline and the inversely inclined bar
and central openings. H. orientalis has a more pointed wing and an inter-
ference pattern of type I or 1. H. pacifica has an interference pattern similar
to that of H. orientalis and in addition its central area is multiperforated
having a grid-like appearance. Furthermore, both H. orientalis and H. pacif-
ica are confined to the Miocene.

Helicosphaera acuta n. sp. differs from H. inversa in having a long-elliptical
outline and much smaller central opening(s).

Occurrence: Gartner recorded this species in Upper Pleistocene samples
from D.S.D.P. Sites 154 (Caribbean) and 206 (Tasman Sea).
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Helicosphaera euphratis Haq
(PL 22, figs. 1, 2, pl. 27, fig. 3)

Helicosphaera euphratis Haq, 1966, p. 33, pl. 2, figs. 1, 3; Miller, 1981, p. 433, pl. 3, fig. 6.

Helicosphaera parallela Bramlette and Wilcoxon, 1967, p. 106, pl. 5, figs. 9, 10.

Helicopontosphaera euphratis (Haq) Martini, 1969, p. 136; Haq 1971, p. 115, pl. 6, fig. 4, pl. 9, figs.
7—-9;1971b, p. 86, pl. 3, fig. 13; Moshkovitz and Ehrlich, 1980, pl. 3, figs. 10, 11.

Helicopontosphaera thomba Bukry, 1971, p. 320, pl. 5, figs. 6—9; Haq 1973, p. 44, pl. 4, fig. 2, pl. 7,
fig. 10.

Helicosphaera thomba (Bukry) Jafar and Martini, 1975, p. 391.

Description: The helicoliths are large and symmetrically ellitpical. The
wing terminates gradually at the beginning of the metapterygal side. The
proximal plate is of type II with a bridge which seals its central opening com-
pletely. The bridge is divided by a suture into two roughly triangular seg-
ments which consist of elements with a random arrangement. The blanket
covers the entire distal surface of the helicolith. The ratio of the double edge
to the single edge of the flange is approximately 3 : 1.

Optical pattern: The interference figure of H. euphratis is of type III with
an optically discontinuous bridge.

Differential diagnosis: This species shows close affinities to H. intermedia
Martini but it differs in having a bridge that covers the entire central opening
of the proximal plate.

Occurrence: H. euphratis has its first occurrence in the Upper Eocene
(CP15) and persists up to the H. vedderi Subzone (Lower Miocene).

Helicosphaera intermedia Martini
(Pl. 22, fig. 3, pl. 27, fig. 4)

Helicosphaera intermedia Martini, 1965, p. 404, pl. 35, figs. 1, 2; Bramlette and Wilcoxon, 1967, p.
105, pl. 6, figs. 11, 12; Biolzi and Perch-Nielsen, 1982, pl. 1, figs. 9, 10.

Helicopontosphaera intermedia Martini, Hay and Mohler, 1967, p. 448; Roth, 1970, p. 862, pl. 10,
fig. 6; Haq, 1971, pl. 3, figs. 10, 11; Haq, 1971, p. 115, pl. 8, figs. 3, 4, pl. 9, figs. 4—6; Haq, 1983,
p. 38, pl. 4, fig. 3, pl. 5, figs. 9—10; Baldi-Beke, 1977, pl. 4, figs. 7, 8; Moshkovitz and Ehrlich,
1980, pl. 3, fig. 14.

Helicopontosphaera euphratis (Haq) Martini, Perch-Nielsen, 1977, pl. 22, fig. 5.

Helicopontosphaera rhomba Bukry. Perch-Nielsen, 1977, pl. 24, figs. 3, 5, 6.

Description: The helicoliths of H. intermedia are symmetrically elliptical
with a wing that terminates gradually at the beginning of the metapterygal
side. The proximal plate is of type II with a large central opening trans-
versed by a sigmoid bridge which is inclined in a normal direction. A diago-
nal suture divides the bridge into two roughly triangular segments consisting
of equidimensional elements without apparent orientation. The suture of the
bridge is visible only in proximal view.
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The blanket covers the entire distal surface of the helicolith.

The ratio of the double edge to the single edge is approximately 3 : 1.

Optical pattern: The interference figure of the helicoliths of H. intermedia
is of type III. The bridge becomes brightest when the helicoliths are orien-
tated with their longer axis at 45 degrees to the polarization direction.

Differential diagnosis: H. intermedia is distinguished from H. euphratis by
the sshaped bridge. H. gartneri n. sp. has larger central openings, and a sub-
horizontal bridge which is divided by a suture into two rectangular, elon-
gated segments.

Occurrence: The first occurrence of H. intermedia is in the Oligocene zone
CP16. In our samples this species has a common occurrence as high as the
E. hamatus Subzone. In section Falconara 2, Sicily, rare specimens of H.
intermedia were recorded up to the C. leptoporus Subzone MA.

Helicosphaera mediterranea Miiller
(Pl. 22, figs. 49, pl. 27, fig. 5)
? Helicopontosphaera recta (Haq) Martini, Haq, 1971, partim, pp. 116, 117, pL. 6, fig. 13, non: pl. 6,
figs. 8--12, pl. 7, figs. 13, pl. 8, figs. 1, 2, pl. 10, figs. 1—4.
Helicosphaera intermedia Martini, Ellis and Lohman, 1979, pl. 3, fig. 12.
Helicopontosphaera cf. H. sellii Bukry and Bramlette, Baldi-Beke, 1980, partim, p. 171, pl. 4, figs. 16,
19, 20, non: pl. 4, figs. 11-13.
Helicopontosphaera recta (Haq) Martini, Baldi-Beke, 1980, pl. 4, figs. 17, 18.
Helicosphaera mediterranea Miiller, 1981, p. 428, pl. 1, figs. 13, 14,
Helicosphaera crouchii Bukry, 1981, p. 462, pl. 5, figs. 1—4.

Description: The helicoliths of this species are large with a symmetrically
elliptical outline. The wing terminates at the beginning of the metapterygal
side. The proximal plate is of type II with broad central openings and a hori-
zontal bar. The two portions of the bar are slightly offset, which gives the
bar a sigmoid appearance. In some specimens, the two portions of the bar
overlap and appear brighter at the point of overlap between crossed nicols.

The elements of the blanket cover the entire distal surface of the helico-
lith.

The ratio of the double edge to the single edge is approximately 3 : 1.

Optical pattern: The interference figure of H. mediterranea is of type III.

Differential diagnosis: H. mediterranea differs from H. waltrans n. sp. in
having a horizontal bar and central openings that are larger and nearly circu-
lar. The bar of the latter species is broader and strongly inclined, while its
openings are elongated, appearing nearly triangular between crossed nicols.

H. mediterranea is distinguished from H. sellii by the larger size and the
relatively broader central openings. The distinction is facilitated further by
the non-concurrent ranges of the two species.
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H. vedderi Bukry and H. stalis n. sp. are considerably smaller and have dif-
ferent interference-pattern types.

Occurrence: Miiller (1981) reported H. mediterranea from the Lower
Miocene zones NN2 and NN3. In our samples this species has been observed
from the E. deflandrei Subzone to the H. waltrans Subzone.

H. mediterranea has a sporadic occurrence in the sections on Gozo and
Sicily and in the D.S.D.P. Sites 372 (Mediterranean) and 369A (Atlantic).

Helicosphaera vedderi Bukry
(PL 20, figs. 14, pl. 26, fig. 3)

Helicosphaera vedderi Bukry, 1981, p. 463, pl. 6, figs. 8—17.

Description: The helicoliths of this species are small and symmetrically
elliptical. The proximal plate is of type IIl with a normally inclined bar,
flanked by two large and angular openings. The wing is small but distinct
and terminates at the beginning of the metapterygal side.

The blanket is restricted to the centre of the distal surface of the helico-
lith.

The ratio of the double edge to the single edge is approximately 3 : 1.

Optical pattern: The interference figure of H. vedderi is of type L

Differential diagnosis: Helicosphaera walbersdorfensis Miiller emend. is
distinguished from H. vedderi Bukry by the larger wing that terminates
close to the beginning of the antipterygal side of the helicolith. Further-
more, the bar of H. walbersdorfensis is thinner, less resistant and low-bire-
fringent, if birefringent at all.

H. stalis n. sp. has a wing that does not extend beyond the periphery of
the proximal cycle of the flange. The wing therefore is invisible in LM ob-
servation, whereas in SEM observation it is visible only in distal view. The
wing of H. vedderi, on the other hand, is easily distinguished both in proxi-
mal and distal view. In addition to these morphological differences, the
two species have different, non-overlapping ranges. H. vedderi is distin-
guished from H. waltrans n. sp. by its much smaller size.

Remarks: Bukry (1981, insert) considered H. vedderi to be a junior syn-
onym of H. minuta Miller “by age, size and morphology”. The specimens
described by Miiller as H. minuta, however, are distinguished from H. vedderi
by the non-extended wings, the weak birefringence of their bars, and their
higher stratigraphic occurrence. In our opinion they can best be assigned to
H. walbersdorfensis.

Occurrence: Bukry reported this species from zones CN3 and CN4. In our
samples H. vedderi ranges from as low as the E. druggii Subzone to the H.
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perch-nielseniae Subzone. 1t was recorded in the sections from Sicily, Malta
and Gozo and in the Lower Miocene samples of the D.S.D.P. Sites 372,
(Mediterranean), and 369A (Atlantic).

Helicosphaera waltrans n. sp.

(PL. 13, fig. 2, pl. 20, figs. 59, pl. 26, fig. 2)

Etymology: Combination of the words Walbersdorf and transverse.

Diagnosis: A large species of Helicosphaera Kamptner emend. with a wide
and normally inclined bar and two central openings that appear triangular
between crossed nicols.

Description: The helicoliths are large and have an asymmetrically elliptical
outline and a prominent wing which terminates near the middle of the meta-
pterygal side. The bar is broad and normally inclined, leaving two central
openings which have a characteristic triangular outline between crossed
nicols.

The elements of the blanket cover only the central area of the helicolith.

The ratio of double edge to single edge of the flange is approximately
3:1.

Optical pattern: The interference figure of H. waltrans is of type L.

Differential diagnosis: H. waltrans is distinguished from H. vedderi by the
more prominent wing, the larger central openings and the much larger size of
the helicoliths.

Occurrence: H. waltrans is restricted to the S. heteromorphus Zone (from
the H. obliqua Subzone to the H. waltrans Subzone). It becomes common
within the H. perch-nielseniae and H. waltrans Subzones. This species was
recorded in all our sections.

Holotype: Pl. 20, fig. 5, sample: MT740, coordinates: 114.9/5.4.

Isotypes: Pl. 13, fig. 2, sample: CP3656; pl. 20, fig. 6, sample: MT740; pl.
20, fig. 7, sample: MT739; Pl. 20, fig. 8, sample: MT741; Pl. 20, fig. 9, sam-
ple: MT737.

Type level: H. waltrans Subzone.

Type locality: Reqqa Point, Gozo.

Helicosphaera ampliaperta Bramlette and Wilcoxon, emended

(Pl 13, fig. 1, pl. 19, figs. 14, pl. 26, fig. 1)

Helicosphaera ampliaperta Bramlette and Wilcoxon, 1967, p. 105, pl. 6, figs. 1—4; Ellis and Lohman,
1979, pl. 3, fig. 10; Miller, 1981, p. 432, pl. 3, figs. 7a, b.

Helicopontosphaera ampliaperta (Bramlette and Wilcoxon) Hay, 1970, p. 458; Perch-Nielsen, 1971,
pp. 41, 42, pl. 34, fig. 3;Haq, 1973, p. 36, pl. 6, figs. 4, 5, pl. 7, figs. 3, 4; Baldi-Beke, 1980, pl. 2,
fig. 3, pl. 4, figs. 6, 7, 8; Moshkovitz and Ehrlich, 1980, pl. 3, figs, 12, 13,
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Diagnosis: A species of Helicosphaera with a proximal plate of type II
without a bridge and with a wing of variable size.

Description: The outline of these helicoliths varies from elliptical to
roughly triangular, depending on the width of the wing of the specimens. The
proximal plate is of type II without a bridge. The shape of the central open-
ing of the proximal plate corresponds to the shape of the periphery of the
flange. Thus, more rounded specimens exhibit relatively more rounded cen-
tral openings. Two nodes are occasionally present, one at each end of the
shorter axis of the central opening.

The wing terminates gradually near the middle of the metapterygal side.
The blanket covers only the central area of the helicolith, leaving exposed
the periphery of the distal surface of the flange.

The ratio of the double edge to the single edge is approximately 3 : 1.

Optical pattern: The interference figure is of type I.

Emendation: We emend the original description to include morphotypes
with an extended wing.

Remarks: Bramlette and Wilcoxon (1967, p. 105) confined their descrip-
tion to specimens with a “nearly oval outline, normally showing little of the
terminal flare of the larger (distal) shield””. A reduced “terminal flange” or
“subdued rim-flare” is attributed to H. ampliaperta by Haq (1973, p. 36)
and Bukry (1973, p. 698). Although this character can be ascribed to the
most common variant of the species, specimens with distinctly extended
wings are common.

Occurrence: H. ampliaperta ranges from the H. vedderi Subzone to the E.
signus Subzone. The species was consistently present in all our sections cov-
ering this interval.

Helicosphaera scissura Miller
(PL 19, figs. 5-8)

Helicosphaera scissura Miller, 1981, p. 433, pl. 3, figs. 10a—c, 11a—b; Bukry, 19812, p. 463, pl. 6, figs.
8—10.

Description: Long, elliptical helicoliths with a proximal plate of type Il
without a bridge. The central opening of the proximal plate is narrow and
very often it has a weakly birefringent filling. The blanket is of type 1. The
flange has an extended wing.

Optical pattern: The interference figure of H. scissura is of type I.

Occurrence: From the T. martinii Subzone to the E. signus Subzone.
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Helicosphaera walbersdorfensis Miiller, emended

(Pl. 13, fig. 5, pl. 14, fig. 3, pl. 19, figs. 911, pl. 26, fig. 4)

Helicosphaera walbersdor fensis Miiller, 1974, pp. 392, 393, pl. 2, fig. 15, pl. 4, figs. 3537, 45, 46.
Helicosphaera minuta Miiller, 1981, pp. 428, 429, pl. 1, figs. 1—6.
Helicosphaera californiana Bukry, 1981, p. 462, pl. 4, figs. 712,

Description: The helicoliths are small and their outline varies from rough-
ly triangular to symmetrically elliptical, depending on the width of the wing.
The proximal plate is of type III with two narrow central openings and a
thin bar with normal inclination.

The wing is usually large and terminates close to the antipterygal side.
Specimens with less prominent wings are less frequent, but they occur
throughout the range of the species. The bar is characteristically thin and it
may be dissolved or broken off even in otherwise first-class samples. In these
cases, either a straight or a zigzag opening remains at the centre of the helico-
lith. The blanket is confined to the central area of the distal surface of the
helicolith.

Optical pattern: The interference figure of H. walbersdorfensis is of type
I. The bar of the proximal plate appears weakly birefringent.

Differential diagnosis: Helicosphaera walbersdorfensis is easily distin-
guished from H. stalis n. sp. by the thinner and less birefringent bar, the dif-
ferent position of termination of the wing, and the usually larger wing.

Emendation: We emend the diagnosis of H. walbersdorfensis to include
specimens with reduced wings comparable to H. minuta Miiller, and with
slits comparable to H. californiana Bukry.

The type of the interference pattern, the small size, and the thin and
weakly birefringent bar are considered as characteristic features of the spe-
cies.

Remarks: The electron micrographs Miiller presented when introducing
H. walbersdorfensis and H. minuta are not directly comparable because of
the different position of the specimens. It is necessary, therefore, to point
out some of the common features; the holotype of H. walbersdorfensis
(Muller, 1974, pl. 2, fig. 15) has a wing which terminates close to the anti-
pterygal side of the helicoth and in this aspect it is similar to the isotype of
H. minuta (Miiller, 1981, pl. 1, fig. 1). The holotype of H. minuta (pl. 1,
fig. 2) on the other hand lies on its distal surface with the wing away from
the observer; the size of the wing is therefore hard to estimate, but the size
and shape of the central openings are identical to those of the paratype of
H. walbersdorfensis on pl. 4, fig. 36. Moreover, the light microscope figures
of both species have similar interference figures (compare Miiller, 1974,

pl. 4, fig. 46 with Miiller, 1981, pl. 1, figs. 4-6).
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Occurrence: From the H. obliqua Subzone to the top of the E. kugler:
Subzone. H. walbersdorfensis was common or abundant in all our Mediter-
ranean sections. In D.S.D.P. Site 369A this species was less frequent but
consistently present.

Helicosphaera stalis n. sp.
(PL. 13, fig. 6, pl. 20, figs. 10—12, pl. 21, figs. 112, pl. 26, figs. 5, 6)

Etymology: From stalis (Greek metaphor for anything very small).

Description: A very small species of Helicosphaera Kamptner emend.,
with an oval or rhomboidal outline and a broad, straight or sigmoid bar
which is inclined normally. The wing does not extend beyond the periphery
of the proximal portions of the elements of the flange and, therefore, it is
visible only in distal view (in S.E.M. observation). The proximal plate is of
type I with central openings that vary in size and may be round or kidney-
shaped. The bar of the proximal plate is inclined in a normal direction. The
elements of the blanket cover only the central area of the distal surface of
the helicolith.

Optical pattern: The interference figure of H. stalis is of type I. The bar
is in optical continuity with the rest of the helicolith and it is distinctly
bright.

Differential diagnosis: H. stalis is distinguished from H. vedderi by the
smaller wing. The differentiation of the two species is facilitated by their
different biostratigraphic ranges. It differs from variants of H. walbers-
dorfensis with small wings, in the larger central openings, and the thicker
and brighter bar.

Remarks: The bar of this minute species is noticeably resistant. In ex-
tremely dissolved assemblages it has been observed to outlast parts of the
periphery of the helicolith.

Subdivision: Two subspecies are introduced here: Helicosphaera stalis
stalis n. subsp. and Helicosphaera stalis ovata n. subsp.

Holotype: See H. stalis stalis.

Occurrence: From the H. intermedia Subzone to the R. rotaria Zone. H.
stalis is abundant or common in all our sections covering this interval except
those from the Indian Ocean where the species has a sporadic occurrence.

Helicosphaera stalis stalis n. subsp.
(Pl 21, figs. 8—12, pl. 26, fig. 5)

Diagnosis: A subspecies of H. stalis n. sp. with large kidney-shaped central
openings, a sigmoid bar and a rhomboidal outline.
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Holotype: Pl. 21, fig. 9, sample: CP3018, coordinates: 107.8/10.

Isotypes: PL. 21, figs. 8, 10, 11, all from sample: 369A-15; Pl. 21, fig. 12,
sample: CP3020.

Type level: E. pentaradiatus Subzone.

Type locality: Falconara, Sicily.

Occurrence: From the E. calcaris Zone to the R. rotaria Zone.

Helicosphaera stalis ovata n. subsp.

(Pl. 13, fig. 6, pl. 20, figs. 10—12, pl. 21, figs. 17, pl. 26, fig. 6)

Diagnosis: A subspecies of Helicosphaera stalis n. sp. with small central
openings, a straight bar and a massive central area.

Remarks: The distinction of the two subspecies is difficult within the
E. calcaris Zone because of the presence of transitional morphotypes. Below
this zone and as low as the H. intermedia Subzone, however, H. stalis stalis is
absent, whereas in the interval from the E. calcaris Zone to the R. rotaria
Zone H. stalis ovata becomes sporadic and is gradually replaced by H. stalis
stalis.

Holotype: Pl. 21, fig. 1, sample: CP4609, coordinates: 115.6/13.7.

Isotypes: Pl. 13, fig. 6, sample: CP3118; pl. 20, figs. 10—12, all from sam-
ple CP3122; pl. 21, figs. 3—4, sample: CP3068; pl. 21, figs. 5—7, sample
CP3059.

Type level: E. bollii Subzone.

Type locality: Scicli, Sicily.

Occurrence: From the H. intermedia Subzone to the R. rotaria Zone.

Helicosphaera sellii (Bukry and Bramlette) Jafar and Martini,
emended
(PL 26, fig. 7)

Helicopontosphaera sellii Bukry and Bramlette, 1969, p. 134, pl. 2, figs. 3—7; Perch-Nielsen, 1972,
pl. 18, figs. 4, 6; Haq, 1973, pp. 44, 46, pl. 6, fig. 3, pl. 7, figs. 5, 6; Gartner, 1977, pl. 1, figs. 6a,
b, 7a, b, pl. 4, figs. 1, 2; partim, pl. 3, fig. 15, non: pl. 3, fig. 20.

Helicosphaera sellii (Bukry and Bramlette) Jafar and Martini, 1975, p. 391; Haq and Berggren, 1978,
pl. 2, figs. 17, 20; Backman, 1980, pl. 8, figs. 2, 6.

non: Helicosphaera sellii (Bukry and Bramlette) Jafar and Martini, Ellis and Lohman, 1979, p. 76.
non: Helicopontosphaera inversa Gartner, 1977, ex Gartner, 1980, p. 23, pl. 1, figs. 4a—b, 5a—c.

Description: The helicoliths are small to medium sized and symmetrically
elliptical in outline. The wing is short and terminates gradually close to the
beginning of the metaptherygal side. The proximal plate is of type III with a

subhorizontal to normally inclined bar and large central openings.
Most specimens of H. sellii possess a blanket that covers the entire distal
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surface of the helicoliths. Specimens with a blanket confined to the centre of
the helicolith (type I) have also been encountered.

Optical pattern: Interference pattern types I and III have both been ob-
served.

Differential diagnosis: H. sellii is distinguished from Helicosphaera inversa
(Gartner) n. comb. by the elliptical outline and the normally inclined bar.
All other similar helicospheres (e.g. H. mediterranea, H. waltrans n. sp., H.
vedderi and H. stalis n. sp. differ in size and/or stratigraphic range.

Emendation: We emend the diagnosis of H. sellii to restrict the species to
specimens with subhorizontal to normally inclined bars, elliptical outline and
a gradually terminating wing.

Remarks: Ellis and Lohman (1979) remarked that the orientation of the
bar was not mentioned in the original description of this species. They con-
cluded, therefore, that specimens with inversely inclined bars, such as H. in-
versa (Gartner), should be included in the concept of H. sellii. In our opinion
the orientation of the bars of the helicoliths shows no such variation within
a species.

Occurrence: H. sellii ranges from the C. leptoporus Zone to zone CN14

Helicosphaera gartneri n. sp.
(PL. 15, figs. 812, pl. 27, fig. 1)

Helicosphaera seminulum Bramlette and Sullivan; Gartner, 1967, p. 5, pl. 7, figs. 1—4; Stradner and
Edwards, 1968, p. 38, pl. 39, fig. 1, pl. 40, figs. 1—5.

Helicopontosphaera bramlettei Miiller, 1970, partim, p. 114, pl. 5, fig. 4, non: pl. 5, figs. 5, 6.

Helicopontosphaera seminulum (Bramlette and Sullivan) Stradner; Perch-Nielsen, 1971, partim, p. 44,
pl. 35, fig. 6, non: pl. 34, fig. 4, pl. 35, fig. 1, 2, 5, pl. 36, figs. 4, 7, 8, pl. 37, fig. 6.

Etymology: In honour of Dr. S. Gartner who was the first to depict speci-
mens resembling this species.

Diagnosis: A species of Helicosphaera Kamptner emend. with a symmetri-
cally elliptical outline, large central openings and a bridge. The bridge is
divided into two equidimentional segments by a suture aligned with its axis.
The outline of the bridge varies from roughly rectangular to sigmoidal.

Description: The helicoliths are medium sized, symmetrically elliptical
and relatively elongated. The wing is small and terminates close to the begin-
ning of the metapterygal side. The proximal plate is of type II with a bridge.
The bridge consists of two nearly rectangular, composite segments separated
by a suture. The orientation of the bridge may vary from (sub)horizontal to
normally inclined. The central openings are relatively large, vary in shape
from round to kidney-shaped, and they are often filled by a fine grid.

The blanket covers the entire distal surface of the helicolith.
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The ratio of the double edge to the single edge is approximately 3 : 1.

Optical pattern: The interference figure of H. gartneri is of type 111 with
a bright and optically discontinuous bridge.

Differential diagnosis: Specimens of H. gartneri have been assigned to
either H. seminulum or H. bramlettei both of which are distinguished from
H. gartneri by their flange of type L.

Helicosphaera gartneri n. sp. is distinguished from H. intermedia by the
larger central openings and the suture which is situated along the axis of the
bridge. In contrast, the suture of the bridge of H. intermedia is diagonal.

H. truempyi Biolzi and Perch-Nielsen is the only other helicosphere with
a bridge similar to that of H. gartneri but it is much larger and has a different
stratigraphic range.

Remarks: Excellent electron micrographs of this species have been pres-
ented by Gartner, 1967, Stradner and Edwards, 1968 and Miiller 1970 (the
reader is referred also to H. bramlettei, this paper).

Holotype: Pl. 15, fig. 8, sample: WEPCO 2500-—2530, coordinates:
111.6/15.3.

Isotypes: Pl. 15, figs. 9—12, sample: WEPCO 2500—-2530.

Type level: Oligocene.

Type locality: Umbarca, Egypt.

Occurrence: The total range of H. gartneri is yet to be defined. It was en-
countered in Oligocene samples (Umbarca, Egypt).

Helicosphaera truempyi Biolzi and Perch-Nielsen
(PL. 27, fig. 2)

Helicosphaera truempyi Biozi and Perch-Nielsen, 1982, pp. 171—175, pl. 1, figs. 1—8.

Remarks: This is one of the few species of Group II of Helicosphaera with
a proximal plate of type II and a bridge consisting of two nearly rectangular
composite segments. Specimens of H. truempyi were not observed in our
samples. According to the authors it is a very large helicosphere and in that
aspect it differs from H. gartneri n. sp. which is a medium to small species.
Moreover the two species are distinguished by their different outlines and
the different biostratigraphic occurrence.

The figures presented in this paper are interpretations based on the origi-
nal figures of the species.

The original authors speculated that H. truempyi has developed from H.
intermedia by a rotation of the bridge from oblique to axial. Species of
Helicosphaera with an axial bridge are present, however, earlier than the first
occurrence of H. intermedia (e.g. H. seminulum, H. bramlettei and probably
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H. gartneri). In our lineages H. truempyi, therefore, is connected with H.
gartneri,

Occurrence: Biolzi and Perch-Nielsen (1982) have reported this species
from the Lower Miocene zone CN1a.

Helicosphaera paleocarteri n. sp.
(PL. 23, figs. 14, pl. 27, fig. 6)

Helicosphaera carteri (Wallich) Kamptner. Bramlette and Wilcoxon, 1967, p. 105, pl. 6, figs. 9, 10.
Helicopontosphaera kamptneri Hay and Mohler. Haq, 1967, p. 38, pl. 7, fig. 12.

Etymology: From palaeos (= ancient, old, Gr.) and carteri.

Diagnosis: Helicoliths with an interference figure showing two dark points
not aligned with the extinction line of the principal suture.

Description: The helicoliths are large- to medium-sized, they may be sym-
metrically or asymmetrically elliptical and they have a prominent wing.

The proximal plate is of type I with a suture along the median longer
axis of the plate (“principal suture”). The blanket spreads all over the distal
surface of the helicolith and its centre is ornamented by two shallow pits.
The pits usually do not penetrate the proximal plate. Observation in trans-
mitted light reveals that the pits are offset relatively to the position of the
principal suture.

The ratio of the double edge to the single edge is approximately 3 : 1.

Optical pattern: The interference figure of this species is of type I11.

Differential diagnosis: Helicosphaera paleocarteri n. sp. is distinguished
from H. carteri by the lack of central openings aligned with the principal
suture.

Remarks: So far these helicoliths have been included within H. carteri.

Holotype: Pl. 23, fig. 1, sample: CP3682, coordinates: 112.3/4.5.

Isotypes: Pl. 23, figs. 2—4, sample: CP3670.

Type level: H. orientalis Subzone.

Type locality: Giammoia 2, Sicily.

Occurrence: H. paleocarteri ranges throughout the Miocene and most of
the Pliocene. Within the Pliocene this species has a sporadic occurrence.

Helicosphaera carteri (Wallich) Kamptner, emended
(Pl. 23, figs. 59, pl. 27, fig. 7)

Coccosphaera carteri Wallich, 1877, p. 348, pl. 17.

Coccolithophora wallichii Lohmann, 1902, p. 138, pl. 5, figs. 58, 58b, 59, 60.
Helicosphaera carteri (Wallich) Kamptner, 1954, pp. 21, 73, figs. 17—19.
Helicopontosphaera kamptneri Hay and Mohler, 1967, p. 448, pl. 10, fig. 5, pl. 11, fig. 5.
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Helicosphaera burkei Black, 1971, pp. 618, 619, pl. 45.3, fig. 23.
Helicopontosphaera neogranulata Gartner, 1977, pp. 22, 23, pl. 2, figs. 2a, b.
Helicopontosphaera colombiana Gartner, 1977, p. 22, pl. 2, figs. 5a—.

Description: The helicoliths are symmetrically to asymmetrically ellipti-
cal and vary in size. The proximal plate may be of type I with only a princi-
pal suture, or of type III with two central openings and a bar which are
slightly inclined in normal direction, or may be aligned with the longer axis
of the helicolith.

The blanket covers the entire distal surface of the helicolith except the
tip of the wing. The wing varies in size.

The ratio of the double edge to the single edge is approximately 3 : 1.

Optical pattern: The helicoliths are intensely birefringent between crossed
nicols. Their interference figure is of type IIL

Differential diagnosis: Morphotypes of H. carteri with central openings are
distinguished from H. sellii by the smaller size of the openings. The bar of
H. carteri, when present, is either horizontal or normally inclined, which
distinguishes the species from H. inversa.

Emendation: The concept of this species is enlarged to include morpho-
types with only a principal suture and morphotypes with inclined central
openings.

Remarks: The specimens depicted by Kamptner (1954) as H. carteri have
their central openings aligned with the longer axis of the helicolith. On the
basis of the figures and the description of Kamptner later authors restricted
the species concept of H. carteri to the helicoliths with such an alignment of
their openings, while all other obviously related forms with inclined central
openings (H. wallichii) or only a principal suture (H. burkei) have been dis-
tinguished as different species. These three “species” are considered here as
varieties of H. carteri (Wallich) Kamptner emended.

Occurrence: From the E. deflandrei Subzone to the Recent. Three vari-
eties are present throughout the range of the species.

Helicosphaera carteri var. carteri n. var.

(PL. 23, fig. 5)

Coccosphaera carteri Wallich, 1877, p. 348, pl. 17.

Coccolithophora pelagica (Wallich) Lohmann, 1902, p. 139, pls. 4—6.

Coccolithus carteri (Wallich) Kamptner, 1944, pp. 141-144.

Helicosphaera carteri (Wallich) Kamptner, 1954, pp. 21, 73, fig. 17—19; Deflandre and Fert, 1954,
partim, p. 32, text-fig. 75, non: figs. 9—11; Black and Barnes, 1961, partim, pp. 139, 140, pl. 23,
fig. 2, non: pl. 22, fig. 1, pl. 23, fig. 1; McIntyre and B¢, 1967, p. 571, pL. 11, fig, a; McIntyre, Bé
and Preikstas, 1967, partim, pp. 12, 13, pl. 6, fig. b, non: pl. 6, fig. a; Kamptner, 1967, pp. 141,
143, pl. 7, figs. 45, 46, 48, 49; Black, 1968, partim, pp. 801, 802, pl. 147, figs. 1, 3, non: pl. 147,
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fig. 2; Clocchiatti, 1969, pp. 77, 79, pl. 1, figs. 15, pl. 2, figs. 13, pl. 3, figs. 1, 2; Gaarder, 1970,
figs. 1h, 2e, 2f; Gaarder and Hasle, 1971, figs. 9a, b, e; Haq and Berggren, 1978, pl. 2, figs. 7, 8;
Conley, 1979, partim, p. 29, pl. 2, fig. 17, non: pl. 1, fig. 18; Nishida, 1979, pl. 9, figs. 4a—d; Back-
man, 1980, pl. 8, fig. 1; Miller, 1981, pl. 3, fig. 9.

Helicopontosphaera kamptneri Hay and Mohler, 1967, p. 448, pl. 10, fig. 5, pl. 11, fig. 5; Boudreaux
and Hay, 1969, p. 272, pl. 6, figs. 8, 10—15; Nishida, 1970, p. 364, pl. 40, figs. 14, 15; Nishida,
p. 152, pl, 17, figs. 17, 18; Bukry, 1971, pl. 1, fig. 2; Martini and Mitiller, 1972, partim, p. 68, pl. 2,
figs. 13, 14, non: pl. 1, fig. 2; Ellis, Lohman and Wray, 1972, partim, p. 29, pl. 6, figs. 1, 2, non:
pl. 5, fig. 6; Sachs and Skinner, 1973, pl. 3, figs. 21--24; Gartner, 1977, pl. 2, figs. 4a, b.

Helicopontosphaera wallichii (Lohmann) Boudreaux and Hay, 1969, pp. 272—273, pl. 6, fig. 9; Perch-
Nielsen, 1972, pl. 18, figs. 1--3, 8, 11.

Helicosphaera wallichii (Lohmann) Okada and McIntyre; Haq and Berggren, 1978, pl. 2, figs. 21, 22;
Conley, 1979, p. 29, pl. 1, fig. 19, pl. 2, fig. 18.

Helicosphaera sp. cf. H. carteri (Wallich) Kamptner; Black, 1971, pl. 45. 2, fig. 21.

Helicopontosphaera sp. cf. H. intermedia Martini; Sachs and Skinner, 1973, pl. 3, figs. 18-20.

Helicopontosphaera sp. cf. H. wallichii (Lohmann) Boudreaux and Hay; Moshkovitz and Ehrlich,
1980, pl. 3, fig. 8.

Helicopontosphaera carteri (Wallich) Moshkovitz and Ehrlich, 1980, partim, pl. 3, figs. 16—19, 23,
non: pl. 3, fig. 22.

Diagnosis: Variants of H. carteri, with their central openings, aligned with
the longer axis of the proximal plate.

Helicosphaera carteri var. burkei n. var.
(Pl. 23, figs. 6—7)

Helicosphaera carteri (Wallich) Kamptner; Black and Barnes, 1961, partim, pp. 139, 140, pl. 22, fig. 1,
pl. 23, fig. 1, non: pl. 23, fig. 2; McIntyre, Bé and Preikstas, 1967, partim, p. 12,13, pl. 6, fig. A,
non: pl. 6, fig. B; Conley, 1979, partim, p. 29, pl. 1, fig. 18, non: pl. 2, fig. 17.

Helicosphaera burkei Black, 1971, pp. 618, 619, pl. 45.3, fig. 23,

Helicopontosphaera kamptneri Hay and Mohler: Perch-Nielsen, 1972, partim, pl. 18, figs. 9, 12, non:
pl. 18, fig. 5; Ellis, Lohman and Wray, 1972, partim, p. 29, pl. 5, non: pl. 6, figs. 1, 2; Martini and
Miiller, 1972, partim, p. 68, pl. 1, fig. 2, non: pl. 2, figs. 13, 14; Miiller, 1974, pl. 3, fig. 4; McIntyre
and Imbrie, 1975, pl. 1, fig. D; Jafar, 1975, pp. 76, 77, pl. 9, figs. 4—7.

Helicopontosphaera carteri (Wallich) Moshkovitz and Ehrlich, 1980, partim, pl. 3, fig. 22, non: pl. 3,
figs. 16—19, 23.

Diagnosis: Variants of H. carteri, without central openings, exhibiting

only a principal suture.

Helicosphaera carteri var. wallichii n. var.
(PL. 23, figs. 8, 9, pl. 27, fig. 7)
Coccolithophora wallichii Lohmann, 1902, p. 138, pl. 5, figs. 58, 58b, 59, 60.
Helicopontosphaera wallichii (Lohmann) Boudreaux and Hay; Perch-Nielsen, 1977, pl. 24, fig. 1.
Helicosphaera wallichii (Lohmann) Okada and McIntyre, 1977, pp. 14, 15, fig. 8.

Diagnosis: Variants of H. carteri with normally incliried central openings.
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Helicosphaera granulata (Bukry and Percival) Jafar and Martini

Helicopontosphaera granulata Bukry and Percival, 1973, p. 37, pl. 6, figs. 1, 2, pl. 7, figs. 7, 8; Perch-
Nielsen, 1977, partim, pl. 25, figs. 3—5, pl. 26, figs. 2, 4, non: pl. 25, figs. 1, 2, 6, pl. 26, fig. 6.
Helicosphaera granulata (Bukry and Percival) Jafar and Martini, 1975, p. 390; Haq and Berggren,

1978, pl. 2, fig. 9, 10.
Helicosphaera sp. aff. H. granulata (Bukry and Percival) Jafar and Martini, Haq and Berggren, 1978,
pl. 2, figs. 11-12.

Remarks: In our material the helicoliths of H. granulata are consistently
found in samples with preservational conditions unfavourable for helico-
spheres. In our opinion, H. granulata is a preservational form of other Helico-
sphaera species such as H. carteri and/or H. paleocarteri.

Occurrence: H. granulata is found at various levels in the Miocene and the
Pliocene.

Helicosphaera hyalina Gaarder

Helicosphaera carteri (Wallich) Kamptner. Black, 1968, partim, pp. 801, 802, pl. 147, fig. 2, non: pl,
147, figs. 1, 3.

Helicosphaera hyalina Gaarder, 1970, pp. 113119, figs. 1a—e, 2a—d, 3a; Gaarder and Hasle, 1971,
figs. 9¢, d, f; Conley, 1979, p. 29, pl. 1, fig. 20; Ellis and Lohman, 1979, pl. 3, fig. 11; Nishida,
1979, pl. 9, fig. 1.

Description: These small helicoliths have a symmetrically elliptical outline
and a wing that terminates within the metapterygal side. The proximal plate
is of type L.

The blanket is confined to the central area of the helicolith, leaving the
periphery of the flange exposed distally.

Optical pattern: H. hyalina is weakly birefringent between crossed nicols.
1ts interference figure is of type 1.

Differential diagnosis: H. hyalina is distinguished from H. pavimentum by
a larger wing which terminates at the metapterygal side.

Occurrence: Specimens with affinities to H. hyalina have been observed in
samples from zone CN11. The species ranges up to the Recent.
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Chapter 5

DISCOASTERS

INTRODUCTION

References to stellate nannoliths can be found in the very early micro-
paleontological literature (e.g. Ehrenberg, 1854; Sotby, 1861; Jukes-Browne
and Harrison, 1892; Haupt, 1906). The formal introduction of the calcare-
ous “asterisks”, however, is attributed to Tan Sin Hok (1926, 1927 and
1931) who was the first to speculate about their possible organic origin and
who subsequently attempted to classify these nannoliths into genera.

Since the pioneering studies of Tan numerous “Discoaster” species have
been introduced, many of which are excellent biostratigraphic markers.

Stradner contributed much to out knowledge of the discoasters by his
tentative study in Stradner and Papp (1961). Although many of the figures
do not represent the exact morphology of the species, his paper was the first
to deal exclusively with the discoasters and it formed a useful basis for the
further study of these nannoliths.

Prins (1971) presented the first detailed study of the morphological evolu-
tion of the asteroliths and discussed some of the nomenclatural problems
caused by the generic definitions of Tan Sin Hok.

Romein (1979) revised the phylogeny of the Early Paleogene discoasters,
basing his lineages mainly on the optical pattern of the asteroliths.

Our study of the discoaster associations from numerous land sections and
D.S.D.P. cores revealed that these nannoliths can be separated into two ma-
jor groups. These groups are regarded here as genera, firstly because they
have profound structural differences and occur in different biostratigraphic
intervals, and secondly because we can make use of the valid generic names
which were originally introduced by Tan Sin Hok.

EMENDATION OF THE DISCOASTER GENERA INTRODUCED BY TAN SIN HOK

For the classification of the discoasters Tan used as diagnostic features (a)
the outline (rosette-shaped or stellate) (b) the degree of differentiation of
the segments and (c) the number of arms. Consequently, the genus Eu-dis-
coaster was introduced to include all stellate discoasters with arms distin-
guished from each other “until the centre of the disc”. Helio-discoaster in-
cluded all rosette-shaped forms with non-separated segments. Hemi-dis-
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coaster was used for discoasters with arms that have grown together “‘with-
out joints” in groups of three.

The generic names Helio-discoaster and Eu-discoaster are retained here be-
cause the species, assigned to them by Tan, are discoasters with an essentially
different structure. The diagnoses of these genera, however, are emended in
order to disregard some preservational characteristics which were included
by Tan in their original descriptions. Hemi-discoaster is rejected as being a
preservational type of either of the two aforementioned genera (see also
Bramlette and Riedel, 1954, pp. 394—395).

All discoasters consist of segments that are attached to each other along
well-defined sutures. Whether or not these sutures are visible (Eu-discoaster
versus Helio-discoaster sensu Tan) depends mainly on the state of preserva-
tion. -

The shape and the relative position of the sutures of the central area of
the discoasters are considered here to be the essential criteria for a generic
classification of this group of nannoliths.

All discoasters with curved, hook-shaped or subradial sutures are assigned
to the genus Helio-discoaster Tan emend., whereas discoasters with straight
and radial sutures are ascribed to the genus Eu-discoaster Tan emend.

The chosen generic characters can be distinguished easily both in the light
microscope and the electron microscope and the two genera are clearly sepa-
rable in time. The asteroliths of Helio-discoaster are the dominant forms of
the Paleogene. The asteroliths of Eu-discoaster (with the exception of E.
deflandrei, E. nonaradiatus and E. distinctus) are confined to the Neogene.

A further subdivision of the genera into subgenera based on the character-
istics and/or the position of the ornamentation (Prins, 1971) is not at-
tempted here. In our opinion such criteria should be reserved for a classifica-
tion at the species level or for a further grouping of the discoasters into in-
formal groups. Moreover, a grouping of the asteroliths of Helio-discoaster
based on whether or not they show extinction crosses (Romein, 1979) is
avoided because forms with obvious morphological similarities may exhibit
dissimilar optical properties.

STRUCTURE OF THE DISCOASTERS

All discoasters consist of wedgeshaped crystal elements (segments) ar-
ranged radially around an axis. The attachment of the segments results in
sutures which are present on both faces of the central area of the asteroliths
(central area: the part around the centre of an asterolith which is confined to
a circle with a radius equal to the length of the sutures).
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The segments may be confined entirely to the central area (rosette-shaped
discoasters) or they may extend beyond it, producing free portions. The free
portions of the segments (arms) may be simple pointed protrusions or they
may be more elaborately shaped.

Helio-discoaster

Eu-discoaster

Fig. 63. Models of the discoasters of Helio-discoaster and Eu-discoaster showing their morphological
differences. One segment of each discoaster has been removed to show the shape of the
attachment surfaces.

Helio-discoaster Tan emended

The sutures of discoasters of this genus differ in shape and position when
the two faces of the same asterolith are compared; they are curved, hook-
shaped or subradial (tangential to some ill-defined central area) on one face
(superior face) and straight or less curved on the opposite side (inferior face).
Moreover, the two sets of sutures do not lie directly above each other. This
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arrangement of the sutures can only be explained if we assume that the at-
tachment surfaces of the segments are concave (or convex) (fig. 63). Such a
shape of the attachment surface of the segments of Helio-discoaster leads to
a slight imbrication of the adjoining segments and an increase of the overall
area of attachment.

Eu-discoaster Tan emended

The asteroliths of Eu-discoaster possess straight sutures on both their
faces. The corresponding sutures of the opposite faces are situated directly
above each other. As a consequence the segments have flat attachment sur-
faces and lack imbrication (fig. 63).

LEGEND

seg segment
at attachment surface

ca central area

s suture

pk proximal knob
pr proximal ridge
dd distal depression
dk distal knob

dr distal ridge

b bifurcation

t  third limb

In lateral node

Fig. 64. Terminology of the discoasters.
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TERMINOLOGY

For the description of the two sides (faces) of the discoasters of Helio-dis-
coaster we use the terms “inferior” and “superior” of Stradner (in Stradner
and Papp, 1961) to refer to the face (or view) of the asterolith with straight
and with curved (or subradial) sutures respectively. These terms are not ap-
plicable to the discoasters of Eu-discoaster as they possess straight sutures on
both their faces. In this case, the terms “proximal” and “distal” are used in-
stead and they are defined as the concave and the convex side of the dis-
coaster, respectively.

The meaning of some of the terms used in the description of the dis-
coasters is presented in figure 64.

LINEAGES IN THE GENERA HELIO-DISCOASTER AND EU-DISCOASTER

In figures 65 and 66 the ranges of the discoasters have been arranged in
groups of species with close morphological similarities. Each morphological
group has been named after a representative species. A brief account of the
common characteristics of the species in each group is given as a “diagnosis”
of each group in the course of the taxonomic descriptions.
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TAXONOMY

Notation: The name Discoaster Tan has been replaced by Eu-discoaster
Tan and Helio-discoaster Tan (Theodoridis, 1983). The name discoaster is
retained here as a morphological term equivalent to asterolith.

Family BU-DISCOASTERACEAE Prins, 1971

Genus Helio-discoaster Tan Sin Hok, 1927, emended

Symonyms: Discoasteroides Bramlette and Sullivan, 1961. Agalmatoaster Klumpp, Prins, 1971. Turbo-
discoaster Prins, 1971. Radiodiscoaster Prins, 1971.

Diagnosis: Asteroliths with curved, hooked or subradial sutures on at least
one face of their central area.

Subdivision: Helio-discoaster is subdivided into the H. mohleri group and
the H. binodosus group.

Type species: Helio-discoaster barbadiensis (Tan Sin Hok) Theodoridis,
Basionym: Discoaster barbadiensis Tan Sin Hok, 1931.

HELIO-DISCOASTER MOHLERI GROUP

Diagnosis: Rosettelike asteroliths of Helio-discoaster, mostly multi-seg-
mented. The free portions of the segments, when present, are tapering and
pointed, without lateral ornamentation.
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Helio-discoaster mohleri (Bukry and Percival) Theodoridis
(PL. 28, figs. 1, 2)

Discoaster gemmeus Stradner, Hay and Mohler, 1967, p. 1538, pl. 204, figs. 19—21, pl. 205, figs.
1-3, pl. 206, figs. 3, 5, 6, 8; Haq, 1971, pp. 37, 38, pl. 12, fig. 5, pl. 13, figs. 1, 3, pl. 14, fig. 1.
Discoaster mohleri Bukry and Percival, 1971, p. 128, pl. 3, figs. 3—5; Kapellos and Schaub, 1973,
p. 728, pl. 6, fig. 11; Haq and Lohmann, 1976, pl. 2, figs. 1, 2; Perch-Nielsen, 1977, pl. 13, figs.
3,4, 8; Romein, 1979, pp. 160,161, pl. 5, fig. 9.

Radiodiscoaster gemmeus gemmeus (Stradner) Prins, 1971, pl. 3, fig. 12, pl. 7, figs. 7A—B. (Invalid
combination, art. 33, 2 ICBN).

Discoaster salisburgensis Stradner, Kapellos 1973, p. 113, pl. 10, figs. 10, 11.

Helio-discoaster mohleri (Bukry and Percival) Theodoridis, 1983, p. 19.

Descriptions: H. mohleri consists of 9 to 19 segments without free por-
tions.

The superior face of the asterolith is flat or slightly convex with a shallow
depression and/or a pore usually present in the centre. The sutures are
curved in the centre of this face but straighten out towards the periphery.
The segments do not possess ridges on their superior face.

The inferior face is strongly convex to conical. As a rule, a well-defined
depression appears at its centre. The segments possess median ridges on this
face and they are separated from each other by straight sutures.

Differential diagnosis: The asteroliths of H. mohleri differ from those of
H. multiradiatus in having a smaller number of segments and in being more
conical in cross-section. The related H. nobilis is flatter and its segments ex-
tend further beyond the central area of the asterolith. H. gemmeus has a
comparable morphology but it is more conical and its segments imbricate
strongly in inferior view. Furthermore the latter species occurs at a higher
stratigraphic interval.

Occurrence: From CP6 to CP8. It is common in sections Caravaca and
Nahal Avdat.

Helio-discoaster nobilis (Martini) Theodoridis
(PL. 28, figs. 5, 6)

Discoaster nobilis Martini, 1961, p. 11, pl. 2, fig. 23, pl. 5, fig. 51: Hay and Mohler, 1967, p. 1538,
pl. 204, fig. 16, pl. 205, figs. 6—9; Haq and Lohmann, 1976, pl. 2, fig. 7.

Discoaster falcatus Bramlette and Sullivan, 1961, p. 159, pl. 11, figs. 14a, b, 15; Sullivan, 1964, p.
190, pl. 11, figs. 10—12; Kapellos, 1973, p. 111, pl. 11, fig. 12, pl. 6, fig. 11.

Discoaster lubinaensis Bystricka, 1966, p. 237, figs. 1-—-3.

Discoaster sp. aff. D, mediosus Bramlette and Sullivan, Haq and Lohmann, 1976, pl. 2, fig. 8.

Discoaster sp. aff. D. falcatus Bramlette and Sullivan, Haq and Lohmann, 1976, pl. 5, figs. 10, 11.

Helio-discoaster nobilis (Martini) Theodoridis, 1983, p. 20.

Description: The asteroliths of this species are almost flat and consist of
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7 to 13 segments. The segments have free portions which extend well be-
yond the central area. The tips of the free portions may be blunt or pointed.
The sutures are deeply incised on both faces of the central area.

On the superior face the sutures curve in an anticlockwise direction. A
shallow depression has been observed occasionally at the centre of the infe-
rior face. Well-preserved specimens have depressions also along the median
axis of each segment in the inferior face, which leads to the morphology of
D. falcatus.

Differential diagnosis: Specimens with a morphology intermediate be-
tween H. mohleri and H. nobilis are common in the interval in which the
ranges of the two species overlap. H. nobilis is flatter, and its segments have
longer free portions than those of H. mohleri. Furthermore, the curvature
of the sutures of H. nobilis is stronger and can be observed on the whole
surface of the central area in the superior face. The suteres on the same face
of the central area of H. mohleri are straighter and curve only at the very
centre.

Occurrence: H. nobilis ranges within the interval from zone CP7 to CP9a.

Helio-discoaster mediosus (Bramlette and Sullivan) Theodoridis
(Pl. 28, figs. 7-9)
Discoaster mediosus Bramlette and Sullivan, 1961, p. 161, pl. 12, figs. 7, 8; Hay and Mohler, 1967,
p. 1539, pl. 204, figs. 17, 18, pl. 206, fig. 2; Kapellos, 1973, pl. 7, figs. 7, 8, pl. 9, fig. 3, pl. 10,

figs. 8, 9; Haq and Lohmann, 1976, pl. 2, fig. 11, Miiller, 1979, pl. 1, fig. 5.
Helio-discoaster mediosus (Bramlette and Sullivan) Theodoridis, 1983, p. 19.

Description: The asteroliths of H. mediosus consist of 7 to 12 segments
which terminate in short and blunt free portions. The interray areas are U-
shaped.

On their inferior face, the segments are ornamented with characteristic
depressions along their median axis. As a consequence, ridges are present
along the sutures between adjacent segments (sutural ridges). A circle of
nodes surrounds the centre of the asterolith.

On their superior face the segments bear ridges along their median axis.
The sutures of the superior face are curved only at the centre of the as-
terolith. At the position of curvature a low knob-like protuberance may
be present.

Differential diagnosis: Helio-discoaster mediosus has very characteristic
U-shaped interray areas and segments with parallel-sided free portions by
which it can easily be differentiated from the related H. nobilis. H. elegans
and H. splendidus exhibit V-shaped interray areas and the free portions of
their segments are pointed.
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Occurrence: This species is restricted to zone CP8 in sections Nahal
Avdat and Caravaca.

Helio-discoaster splendidus (Martini) Theodoridis

Discoaster splendidus Martini, 1960, p. 80, pl. 10, figs. 25, 26, 29; Martini, 1961, p. 11, pl. 2, fig. 21.

Discoaster helianthus Bramlette and Sullivan, 1961, p. 160, pl. 11, figs. 18a, b; Sullivan, 1965, p. 42,
pl. 10, fig. 7; Kapellos, 1973, p. 112, pl. 4, figs. 2, 3; Haq and Lohmann, 1976, pl. 2, fig. 12; Wise
and Wind, 1977, pl. 17, fig. 6.

Heliodiscoaster splendidus (Martini) Theodoridis, 1983, p. 20.

Description: The asteroliths of this species consist of 8 to 15 segments
with short and pointed free portions. The interray areas are V-shaped.

Deep depressions can be observed along the median axis of each segment
in the inferior face. A broad circle of nodes surrounds the centre of this face.

Differential diagnosis: H. splendidus differs from H. mediosus in having a
circle of nodes of a larger diameter, V-shaped interray areas and pointed free
portions of segments.

The asteroliths of H. elegans can be differentiated from those of H. splen-
didus only in an inferior view. In that view H. elegans shows a prominent
knob instead of a circle of nodes and its depressions are ornamented by con-
centric arrays of nodes.

Occurrence: H. splendidus ranges within subzone CP8b

Helio-discoaster elegans (Bramlette and Sullivan) Theodoridis
(Pl. 28, figs. 10-12)

Discoaster elegans Bramlette and Sullivan, 1961, p. 159, pl. 11, figs. 16a, b; Black, 1968, pl. 153, fig.
2; Perch-Nielsen, 1971, p. 63, pl. 51, figs. 2, 3; Haq and Lohmann, 1976, pl. 5, fig. 3; Miiller, 1979,
pl. 4, figs. 3, 4, 6.

Discoaster stradneri Martini, 1961, p. 10, pl. 2, fig. 22, pl. 5, fig. 52.

Discoaster limbatus Bramlette and Sullivan, 1961, p. 160, pl. 12, figs. 3a, b; Sullivan, 1965, p. 42, pl.
10, figs. 8, 9; Haq and Lohmann, 1976, pl. 2, fig. 10.

Discoaster boulangeri Lézaud, 1968, p. 23, pl. 1, figs. 9—12, pl. 2, fig. 14; Perch-Nielsen, 1971, p. 62,
pl. 52, fig. 1.

Heliodiscoaster elegans (Bramlette and Sullivan) Theodotidis, 1983, p. 19.

Description: The discoasters of this species consist of 8 to 15 segments
with short and pointed free portions. The segments are caved with deep de-
pressions flanked by sutural ridges on their inferior face. The central area
may be ornamented by concentric arrays of nodes or ridges. In the centre of
this face the segments bend and form a slender but prominent knob. The
knob portions of the segments often show grooves which are in continuity
with the corresponding depressions. The knob portions do not imbricate in
inferior view.
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The superior face of H. elegans bears a low central knob and it is often
ornamented by shallow pits. On this face, the sutures are subradial and curve
strongly near the centre of the central area. The segments show ridges with
flat crests.

Differential diagnosis: Helio-discoaster elegans possesses a very character-
istic ornamentation by which it can easily be distinguished from related spe-
cies such as H. mediosus and H. splendidus.

Occurrence: This species occurs in subzone CP8b.

Helio-discoaster multiradiatus (Bramlette and Riedel) Theodoridis
(Pl. 28, fig. 3)
Discoaster multiradiatus Bramlette and Riedel, 1954, p. 396, pl. 38, fig. 10; Bramlette and Sullivan,
1961, p. 161, pl. 12, fig. 10; Sullivan, 1965, p. 43, pl. 10, figs. 13, 15; Hay and Mohler, 1967,
p. 1539, pl. 204, fig. 22, pl. 206, figs. 1, 4, 7; Kapellos, 1973, pp. 112,113, pl. 3, figs. 10—12, pl.
5, fig. 1, pl. 6, figs. 4, 5, pl. 8, fig. 8, pl. 24, fig. 1, pl. 25, figs. 5, 6, pl. 28, fig. 6, pl. 38, fig. 1;
Kapellos and Schaub, 1973, p. 728, pl. 2, fig. 3, pl. 7, fig. 6, pl. 8, fig. 1, pl. 11, fig. 12, pl. 10, fig.
7; Haq and Lohmann, 1976, pl. 2, figs. 4—6; Wise and Wind, 1977, pl. 17, fig. 2; Romein, 1979,

pp- 165,166, pl. 6, figs. 1--3.
Helio-discoaster multiradiatus (Bramlette and Riedel) Theodoridis, 1983, p. 19.

Description: The number of segments varies greatly (16 to 35). The seg-
ments exhibit no free portions. They are flat and imbricate dextrally in infe-
rior view. At the centre of the inferior face a depression of variable diameter
is present. Whether the inferior face is convex or concave depends on the
diameter of this depression. The superior face is concave to flat and at the
centre; it bears a short knob that results from the extension of the segments
in a direction perpendicular to the disc.

Occurrence: H. multiradiatus is restricted to zones CP8 and CP9a.

Helio-discoaster lenticularis (Bramlette and Sullivan) Theodoridis

Discoaster lenticularis Bramlette and Sullivan, 1961, p. 160, pl. 12, figs. 1, 2; Sullivan, 1964, p. 191,
pl. 11, fig. 1; Sullivan, 1965, p. 42, pl. 10, fig. 10.

Discoaster sp. Edwards and Perch-Nielsen, 1975, pl. 4, fig. 3.

Helio-discoaster lenticularis (Bramlette and Sullivan) Theodoridis, 1983, p. 19.

Description: The asteroliths are small (5—8 microns) and consist of 18 to
27 segments which lack free portions. A low central knob is present on both
faces of the disc.

Occurrence: This species is confined to zones CP8 and CP9.

Helio-discoaster perpolitus (Martini) Theodoridis

Discoaster perpolitus Martini, 1961, p. 9, pl. 2, fig. 20, pl. 5, fig. 50; Sullivan, 1965, p. 43, pl. 10, fig.
12;Romein, 1979, p. 167, pl. 6, fig. 4.
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Discoaster multiradiatus Bramlette and Riedel var., Bramlette and Sullivan, 1961, p. 162, pl. 12, fig.
11.

Discoaster elegans Bramlette and Sullivan, Perch-Nielsen, 1972, pl. 14, fig. 6.

Helio-discoaster perpolitus (Martini) Theodoridis, 1983, p. 20.

Description: The discoasters of H. perpolitus consist of 17 to 32 segments
which lack free portions. Each segment is thinner along its median axis due
to an elongated depression on its inferior face. Very often a faint ornamenta-
tion of concentric ridges is visible. A small knob is present at the centre of
the inferior face.

The superior face of this species has not been observed.

Differential diagnosis: Helio-discoaster perpolitus differs from H. multi-
radiatus in being ornamented by concentric ridges on the inferior face. This
ornamentation is observed also on the inferior face of asteroliths such as
H. elegans and H. kuepperi. These species can be easily distinguished by their
different outline. smaller number of segments and pronounced stems.

Occurrence: This species was rare in our sections. It has been recorded in
zone CP8 of the sections Caravaca and Nahal Avdat.

Helio-discoaster wemmelensis (Achuthan and Stradner) Theodoridis

Discoaster wemmelensis Achuthan and Stradner, 1967, p. 5, pl. 4, figs. 3, 4, text-fig. 2; Perch-Nielsen,
1971, p. 65, pl. 2, figs. 1, 2, pl. 53, figs. 5, 6; Perch-Nielsen, 1977, pl. 14,

Radiodiscoaster wemmelensis (Achuthan and Stradner) Prins, 1971, pl. 3, fig. 14. Invalid: ICBN art.
33,2.

Helio-discoaster wemmelensis (Achuthan and Stradner) Theodoridis, 1983, p. 20.

Description: The asteroliths of H. wemmelensis consist of 20 to 25 seg-
ments without free portions. The inferior face of the asteroliths has a large
knob that covers almost two thirds of the disc. The knob has a concave sur-
face.

Differential diagnosis: H. wemmelensis is distinguished from H. multi-
radiatus by the smaller size and by the large knob on its inferior face.

Occurrence: This species ranges from CP11 to CP14.

Helio-discoaster diastypus (Bramlette and Sullivan) Theodoridis
(Pl 29, figs. 1-3)

Discoaster diastypus Bramlette and Sullivan, 1961, p. 159, pl. 11, figs. 6—8; Perch-Nielsen, 1971, p.

62, pl. 51, figs. 8—-10; Haq and Lohmann, 1976, pl. 5, fig. 12.
Discoaster aff, D. diastypus Bramlette and Sullivan, 1961, p. 159, pl. 11, figs. 9, 10.
Helio-discoaster diastypus (Bramlette and Sullivan) Theodoridis, 1983, p. 19.

Description: The number of segments varies from 9 to 17. The segments
possess only one sutural ridge on the right side of their inferior face. The tips
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of the segments of some specimens point in anticlockwise direction (in infe-
rior view). Around the centre of the asterolith, elevated portions of each seg-
ment join each other to form a tube. The tube portions of the segments im-
bricate dextrally.

In superior view the segments show ridges close to their median axis. The
segments show a strong imbrication at the centre of the superior face, where
they form a knob with a narrow pore. The knob of the superior face has a
smaller diameter and a narrower pore than the tube on the inferior face.

Differential diagnosis: Helio-discoaster diastypus is the first species of this
group with sutural ridges on only one side of the segments and in that aspect
it differs from all earlier forms such as H. mediosus, H. splendidus and H.
elegans. Furthermore, it possesses well-defined knobs on both faces of its
asteroliths.

Occurrence: H. diastypus occur in zones CP9 and CP10.

Helio-discoaster pacificus (Haq) Theodoridis

Discoaster pacificus Haq, 1969, p. 11, pl. 4, figs. 47, text-fig. 3.
Heliodiscoaster pacificus (Haq) Theodoridis, 1983, p. 20.

Description: The discoasters of H. pacificus consist of 11 to 15 segments
with relatively long and often pointed free portions. In the inferior face the
segments extend vertically near the centre of the asterolith and form a hol-
low knob. The knob portions of the segments show a dextral imbrication in
this view. Blade-like ridges can be observed on the inferior faces of the seg-
ments. The ridges occur on the right of the median axis of the segments in
inferior view. A knob with smaller diameter is present at the centre of the
superior faces of the asterolith.

Differential diagnosis: H. pacificus can be differentiated from H. diastypus
by the longer and more straight free portions of the segments and by the
smaller diameter of its knobs. It resembles very closely H. diastypus, however,
and differentiation of atypical specimens of the two species is not always
possible.

Occurrence: This species has been recorded in zones CP9 and CP10.

Helio-discoaster barbadiensis (Tan) Theodoridis
(PL. 29, figs. 4—8)

“Kalkerdige Krystaldrusen” Ehrenberg, 1854, p. 155, pl. 24, fig. 67, pl. 25, figs. 13—-15.
“Crystalloids” Jukes-Browne and Harrison, 1892, p. 178, text-figs. 4—6.

Discoaster barbadiensis Tan, 1927, p. 119 invalid (ICBN art. 43.1)

Discoaster barbadiensis Tan, 1931, p. 93; Bramlette and Riedel, 1954, p. 398, pl. 39, figs. 5a—b;

146



Stradner, 1958, p. 183, fig. 11; Martini, 1958, p. 366, pl. 5, figs. 24a—c; Bramlette and Sullivan,

1961, p. 158, pl. 11, fig. 2; Stradner and Papp, 1961, p. 95, pl. 28, figs. 1, 2, text-figs. 9/7, 18/6,

24/3; Hay and Towe, 1962, p. 515, pl. 10, figs. 3, 5; Sullivan, 1965, p. 41; Levin and Joerger,

1967, p. 172, pl. 3, figs. 17a—b; Haq, 1967, p. 63, pl. 7, figs. 1, 2; Black, 1968, pl. 153, fig. 3;

Haq, 1969, pp. 6, 7, pl. 3, figs. 4—7, text-fig. 1A; Perch-Nielsen, 1971, p. 61, pl. 51, fig. 5; Miiller,

1974, pl. 6, fig. 10; Miiller, 1979, pl. 4, figs. 1, 2; Romein, 1979, pp. 168, 169, pl. 7, fig. 1.
Helio-discoaster barbadiensis (Tan) Theodoridis, 1983, p. 19.

Description: The number of segments varies from 11 to 20. The segments
have very short, pointed free portions and longitudinal ridges on both their
faces. In the centre of the inferior face the segments bend perpendicular to
the surface of the asterolith to form a long and slender stem.

A smaller knob-like protrusion is present at the centre of the superior face
of the asterolith.

Occurrence: The first occurrence of H. barbadiensis was recorded in our

sections in zone CP9. The last occurrence of this species as reported by
Bukry (1973) is in zone CP15b.

Helio-discoaster gemmeus (Stradner) Theodoridis

(Pl 28, fig. 4)

Discoaster gemmeus Stradner, 1959, p. 1086, text-fig. 21; Miiller, 1974, pl. 6, figs. 1--3.

Discoaster robustus Haq, 1969, p. 12, pl. 5, fig. 7, text-fig. 1c; Haq and Lohmann, 1976, pl. 5, figs.
4, 5; Wise and Wind, 1977, pl. 17, fig. 1.

Helio-discoaster gemmeus (Stradner) Theodoridis, 1983, p. 19.

Description: The asterolith consists of 8 to 11 thick segments that form a
pyramid-like construction. In the inferior face the segments imbricate dex-
trally. The segments do not possess free portions.

Differential diagnosis: H. mohleri is comparable to H. gemmeus. This first
species, however, possesses larger asteroliths with more segments but there is
no imbrication of its segments in the inferior face. The differentiation of the
two taxa is facilitated by their different stratigraphic range.

Remarks: In his description of the species, Stradner referred to the conical
shape of the asteroliths. Furthermore he correctly attributed the gleaming
emerald colour of the asteroliths to their robustness. These characteristics, in
addition to the number of segments and the identical biostratigraphic range
of H. gemmeus and H. robustus (Haq), indicate that the latter species should
be considered as a junior synonym of H. gemmeus.

Occurrence: H. gemmeus is restricted to zones CP9 and CP10.

Helio-discoaster kuepperi (Stradner) Theodoridis
(PL. 29, figs. 9-13)

Discoaster kuepperi Stradner, 1959, p. 478, figs. 17—21; Martini, 1961, p. 14, pl. 3, fig. 29; Stradner
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and Papp, 1961, p. 93, pl. 27, figs. 16, text-figs. 9/6, 16; Perch-Nielsen, 1971, p. 64, pl. 51, figs.
6,7,9,11,12; Perch-Nielsen, 1972, pl. 13, figs. 5, 6.

Discoasteroides kuepperi (Stradner) Bramlette and Sullivan, 1961, p. 163, pl. 13, figs. 16—19; Hay and
Towe, 1962, p. 515, pl. 10, fig. 1; Sullivan, 1965, p. 44; Haq, 1967, p. 62, pl. 4, figs. 1—6; Hagq,
1968, p. 47, pl. 10, fig. 6: Kapellos, 1973, p. 114, pl. 14, figs. 10—12, pl. 15, fig. 7, pl. 29, fig. 4;
Haq and Lohmann, 1976, pl. 6, fig. 3; Haq, 1969, pp. 15, 16, pl. 3, figs. 1-3.

Heliodiscoaster kuepperi (Stradner) Theodoridis, 1983, p. 19.

Description: The asteroliths of this species are composed of 8 to 10
petaloid segments. The segments have short and pointed free portions. In
inferior view the segments show depressions on their surface and they are
often ornamented by concentric ridges. On the same face a large stem is
present at the centre of the asterolith. The tip of the stem flares outwards to
form a funnel-like structure. The portions of the segments that form this
stem extend helicoidally around an axis perpendicular to the surface of the
asterolith. As a result, the sutures on the funnel-like tip of the stem are off-
set to the right relative to the sutures of the central area.

The sutures on the superior face of the asterolith are curved in anticlock-
wise direction. A small knob is present at the centre of this face.

Occurrence: From zone CP10 to zone CP12.

Helio-discoaster lodoensis (Bramlette and Riedel) Theodoridis
(PL. 30, figs. 4—6)

Discoaster lodoensis Bramlette and Riedel, 1954, p. 398, pl. 39, figs. 3a, b; Stradner, 1958, p. 182, fig,
8; Martini, 1958, p. 366, pl. 6, figs. 28a—d; Stradner, 1959, p. 1083, fig. 5; Martini, 1961, p. 11;
Bramlette and Sullivan, 1961, p. 161, pl. 12, figs. 4, 5; Stradner and Papp, 1961, p. 92, pl. 25, 26,
text-figs. 9/3, 24/9; Hay and Towe, 1962, p. 514, pl. 10, figs. 2, 4, 6; Sullivan, 1965, p. 42, pl. 10,
fig. 14; Black, 1965, fig. 20; Haq, 1967, p. 63, pl. 7, figs. 3, 6, 7; Haq, 1969, p. 10, pl. 2, figs. 1-4,
text-figs. 4e—g; Kapellos, 1973, p. 112, pl. 12, figs. 1—-12, pl. 15, fig. 3, pl. 16, figs. 1—3, pl. 27,
fig. 2, pl. 28, figs. 1, 2, pl. 29, fig. 1; Miiller, 1974, pl. 6, fig. 11; Haq and Lohmann, 1976, pl. 5,
figs. 8, 9; Miiller, 1979, pl. 4, figs. 7-9.

Helio-discoaster lodoensis (Bramlette and Riedel) Theodoridis, 1983, p. 19.

Description: The number of segments varies from 5 to 7. The segments
terminate in long and pointed free portions. The free portions of the seg-
ments curve sinistrally when the specimens are observed from their inferior
side. On the inferior face the segments show ridges along their right sides.
The ridges extend to the tips of the free portions. At the centre of the infe-
rior face the ridges meet to form a knob. A less pronounced knob can be
seen on the superior face.

Differential diagnosis: H. lodoensis is easily distinguished from H. sublo-
doensis by the generally larger size and the curved free portions of its seg-
ments.

Occurrence: H. lodoensis has been recorded in our sections from zone
CP10 to zone CP13.
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Helio-discoaster sublodoensis (Bramlette and Sullivan)
Theodoridis

Discoaster sublodoensis Bramlette and Sullivan, 1961, p. 162, pl. 12, figs. 6a, b; Sullivan, 1965, p. 43,
pl. 10, fig. 11; Haq, 1967, p. 63, pl. 8, figs. 1—3; Haq, 1969, pp. 13, 14, pl. 5, fig, 3; Kapellos,
1973, p. 113, pl. 15, fig. 4, pl. 17, figs. 1—4, 8; Perch-Nielsen, 1977, pl. 14, figs. 11, 12.

Discoaster strictus Stradner, 1961, p. 85, text-fig. 80; Black, 1968, pl. 153, fig. 5.

Helio-discoaster sublodoensis (Bramlette and Sullivan) Theodoridis, 1983, p. 20.

Description: The asterolith consists of 5, or more rarely of 6 segments
with long and pointed free portions. In inferior view a ridge can be observed
on the right side of each segment. In superior view ridges are seen along the
median axes of the segments. A knob is present on each side of the asterolith
but the one on the inferior face is more pronounced.

Differential diagnosis: H. sublodoensis is distinguished from H. lodoensis
by the smaller size and the more pointed and straight free portions of its seg-
ments.

Occurrence: This species ranges from CP12 to CP14.

Helio-discoaster saipanensis (Bramlette and Riedel) Theodoridis
(PL. 30, figs. 1—3)
Discoaster saipanensis Bramlette and Riedel, 1954, p. 398, pl. 39, fig. 4; Stradner and Papp, 1961, p.
90, pl. 22, figs. 57,9, text-fig. 9/5; Perch-Nielsen, 1971, p. 65, pl. 51, fig. 4, pl. 52, fig. 4; Bukry,

1974, fig. 6; Haq and Lohmann, 1976, pl. 6, fig. 4; Wise and Wind, 1977, pl. 17, figs. 3-5.
Helio-discoaster saipanensis (Bramlette and Riedel) Theodoridis, 1983, p. 20.

Remarks: The asteroliths of this species are similar to those of H. bar-
badiensis but they possess fewer segments (7 to 9) and the free portions of
the segments are much more pointed. The two species closely resemble each
other and the possibility that H. saipanensis might be no more than a variant
of H. barbadiensis cannot be ruled out.

Occurrence: Bukry (1971) presented a range for H. saipanensis from
CP12b to CP15b. The first occurrence of this species in subzone CP12b was
confirmed in section Aspe.

Helio-discoaster bifax (Bukry) Theodoridis

Discoaster bifax Bukry, 1971, p. 313, pl. 3, figs. 6-11; Perch-Nielsen, 1977, pl. 14, figs. 2, 8, 9.
Helio-discoaster bifax (Bukry) Theodoridis, 1983, p. 19.

Description: The asteroliths of this species are concavo-convex and consist
of 13 to 19 segments without free portions. The centre of the convex face is
ornamented by a broad funnellike knob. A small stem is present in the
centre of the concave face.

Occurrence: This species is confined to zone CP14.
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HELIO-DISCOASTER BINODOSUS GROUP

Diagnosis: Asteroliths of Helio-discoaster type with well-developed and
usually parallel-sided arms. The arms often bear lateral ornamentation.

Helio-discoaster ornatus (Stradner) Theodoridis
(PL. 31, figs. 1, 2)

Discoaster ornatus Stradner, 1958, p. 188, fig. 38.

Discoaster geometricus Brénnimann and Stradner, 1960, p. 366, figs. 4, 5.

Discoaster binodosus Martini, Kapellos and Schaub, 1973, partim, pl. 9, fig. 9, non: pl. 9, fig. 8.
Helio-discoaster ornatus (Stradner) Theodoridis, 1983, p. 20.

Description: The asteroliths consist of 5 to 9 segments with long and
pointed free portions. The free portions are widest at about half their
length and are thicker along their median axis. The interray areas are deep
and U-sshaped. In the superior face the sutures curve in anticlockwise direc-
tion. The central area of this face shows a large knob with a diameter which
is almost equal to that of the central area.

The suture of the inferior face may be slightly curved. A low central knob
with a small diameter may be present.

Differential diagnosis: Helio-discoaster omatus differs from H. binodosus
by its more robust shape and the lack of knobs along the sides of its free
portions.

Occurrence: H. ornatus occurs from zone CP9 to zone CP11.

Helio-discoaster binodosus (Martini) Theodoridis, emended

Discoaster binodosus Martini, 1958, pp. 361, 262, pl. 4, figs. 18a, b, 19a, b; Stradner, 1959, p. 1085,
figs. 18, 19; Bramlette and Sullivan, 1961, p. 158, pl. 11, figs. 1a, b;Martini, 1961, p. 12, pl. 3, fig.
25; Stradner and Papp, 1961, pp. 66, 67, pl. 4, figs. 1, 7, pl. 5, figs. 1—6, text-fig. 8/4; Sullivan,
1965, p. 41; Levin and Joerger, 1967, p. 172, pl. 3, figs. 18a, 18b; Perch-Nielsen, 1967, p. 30, pl. 7,
figs. 1—7, 9; Kapellos, 1973, pl. 6, fig. 12, pl. 7, fig. 911, figs. 1, 2, 4; Kapellos and Schaub, 1973,
partim, pl. 9, fig. 8, non: pl. 9, fig. 9; Haq and Lohmann, 1976, pl. 6, figs. 1, 2; Romein, 1979, p.
163, pl. 7, fig. 2.

Discoaster tanii Bramlette and Riedel; Deflandre, 1968, partim, pp. 44, 45, pl. 11, fig. 15, non: pl. 11,
figs. 13,14, 16, 17.

Discoaster binodosus binodosus Martini, 1958, p. 362, pl. 4, fig. 18; Perch-Nielsen, 1971, p. 61, pl. 52,
fig. 5.

Discoaster binodosus hirundinus Martini, 1958, partim, p. 362, pl. 4, fig. 19a, non: pl. 4, fig. 19b; Perch-
Nielsen, 1971, p. 62, pl. 52, fig. 7.

Helio-discoaster binodosus (Martini) Theodoridis, 1983, p. 19.

Description: The asterolith consists of 7 to 9 segments with a wide central
area, and relatively short and tapering arms. The interray areas are character-
istically round. A shallow notch may or may not be present at the tip of
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each arm. Specimens with some of their arms notched and others pointed are
common. Each arm bears at least one pair of lateral nodes which are placed
opposite each other and away from the tip of the arm. The nodes of the
adjacent arms of multisegmented variants often touch each other. The su-
tures on the superior face are strongly curved in anticlockwise direction; al-
most the entire central area is covered by a large knob.

The sutures on the inferior face are straight and often subradial. A central
knob with small diameter may be present at this side.

Differential diagnosis: Features useful for the differentiation of H. bino-
dosus from H. tanii and H. nodifer are: the large diameter of the central area
in relation to the length of the arms, the slender arms and the larger diameter
of the central knob of the superior face.

Moreover, H. tanii and H. nodifer possess lateral blade-like protrusions
close to the tips of the arms but not robust nodes far from the arm-tips as in
H. binodosus.

Helio-discoaster mirus has a comparably large central area but short arms
with lateral-blades at their tips.

Emendation: The definition of the species is emended to include astero-
liths with or without notches at the tips of the arms.

Remarks: The presence or absence of notches at the tips of the arms of
H. binodosus is not regarded as a reliable characteristic for specific (H.
binodosus vs. H. tanii and H. nodifer) or intraspecific (H. binodosus bino-
dosus vs. H. binodosus hirundinus) differentiation.

Although the majority of the specimens of H. tanii and H. nodifer exhibit
deeper notches than the individuals of H. binodosus, the depth of the notches
is variable for all these taxa, and variants without notches at the arm tips are
common for each species.

Occurrence: H. binodosus ranges from zone CP9 to zone CP15.

Helio-discoaster mirus (Deflandre) Theodoridis, emended
(Pl. 31, figs. 3—5)

Discoaster mirus Deflandre in Grassé, 1952, p. 465, fig. 362; Deflandre, 1954, p. 168, fig. 118; Kapel-
los, 1973, p. 112, pl, 18, figs. 8, 11; Martini, 1961, p. 12, pl. 3, fig. 24; Miiller, 1979, pl. 4, figs. 10,
11.

Discoaster monstratus Martini, 1961, p. 12, pl. 3, fig. 26, pl. 5, fig. 53.

Discoaster gemmifer Stradner, 1961, p. 86, fig. 83; Stradner and Papp, 1961, partim, pp. 69—71, pl.
24, fig. 6, table 9, figs, 2—5, text-fig. 8/6, non: pl. 24, figs. 4, 5, table 9, fig. 1; Perch-Nielsen, 1971,
pp. 63, 64, pl. 53, figs. 3, 4.

Discoaster nonaradiatus Klumpp, Sullivan, 1965, p. 43, pl. 10, fig. 6; Perch-Nielsen, 1971, pp. 64, 65,
pl. 52, fig. 8.

Discoaster deflandrei Bramlette and Riedel; Black, 1968, pl. 153, fig. 6.
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Discoaster distinctus Martini; Kapellos, 1973, partim, pl. 14, figs. 7-9, pl. 18, fig. 7, non: pl. 9, fig. 12,
pl. 13, fig. 9, pl. 21, fig. 3, pl. 22, fig. 11, pl. 27, fig. 4; Kapellos and Schaub, 1973, partim, pl. 5,
figs. 3, 4, non: pl. 2, fig. 5, pl. 8, fig. 5.

Helio-discoaster mirus (Deflandre) Theodoridis, 1983, p. 19.

Description: The number of segments of the asteroliths of this species
varies from 5 to 10. The central area is large in relation to the arms. The
arms are short, broaden towards their tips and bifurcate because of a shallow
notch. The bifurcations are short, pointed and possess lateral blade-like ex-
tensions.

The sutures on the superior face are curved or hooked in anticlockwise
direction. At the centre of the same face a pronounced knob is present.

Exceptionally well-preserved specimens show superior faces ornamented
by nodes. The nodes are arranged in rows that radiate from the centre of the
asterolith towards the tips of the arms.

On the inferior face the sutures may be slightly curved and a small central
knob may be present occasionally.

Differential diagnosis: The asteroliths of H. mirus and H. binodosus are
comparable in having large central areas and relatively short arms. H. mirus
differs from H. binodosus in having lateral blades close to the tip of the
arms. Furthermore, the knob of the superior face of H. mirus, if present at
all, is smaller than the equivalent structure of H. binodosus.

Emendation: We emend the definition of this species to confine it to spec-
imens with curved or hooked sutures.

Remarks: In the original description of Helio-discoaster mirus no mention
is made about the shape of the sutures. The emendation was prompted in
order to avoid confusion of this species with closely similar species of Eu-
discoaster such as E. deflandrei and E. distinctus.

Occurrence: H. mirus ranges from zone CP10 to zone CP13.

Helio-discoaster colletii (Parejas) Theodoridis
(PL 30, figs. 7, 8)

Discoaster colleti Parejas, 1939, fide Stradner, 1959, p. 478, figs. 30—32; Stradner and Papp, 1961,

p. 78, pl. 13, figs. 16, text-figs. 8/15, 24/8.
Helio-discoaster colletii (Parejas) Theodoridis, 1983, p. 19.

Remarks: The taxonomic status of this species is questionable since it
might be a preservational artefact. 1t probably represents heavily overgrown
specimens of H. mirus.

Occurrence: This species has been recorded in the interval from zone
CP11 to zone CP13.
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Helio-discoaster tanii (Bramlette and Riedel) Theodoridis,
emended
(PL. 31, figs. 8—10)

Discoaster tanii Bramlette and Riedel, 1954, p. 397, pl. 39, figs. 19a, b; Martini, 1958, p. 359, table 3,
figs. 13a, b; Stradner, 1959, p. 479, text-figs. 43, 44; Martini, 1960, p. 78, table 9, figs. 18, 19;
Deflandre, 1968, partim, pp. 44, 45, pl. 11, figs. 16, 17, non: pl. 11, figs. 13—15; Kapellos, 1973,
p. 114, pl. 23, fig. 1; Bukry, 1973, pl. 5, figs. 4—6.

Discoaster tanii ornatus Bramlette and Wilcoxon, 1967, p. 112, pl. 7, figs. 7, 8.

Discoaster tanii nodifer Bramlette and Riedel; Stradner and Papp, 1961, p. 83, text-figs. 7/12, 8/19;
Roth, 1970, p. 868, pl. 12, fig. 4; Kapellos, 1973, partim, p. 114, pl. 23, fig. 2, non: pl. 23, fig. 3.

Discoaster aff. D. tanii nodifer Bramlette and Riedel; Haq and Lohmann, 1976, pl. 5, fig. 6.

Helio-discoaster tanii (Bramlette and Riedel) Theodoridis, 1983, p. 20.

Description: H. tanii consists of 3 to 5 segments that terminate in long
and rather robust arms. The central area is small in relation to the length of
the arms. The arms may be notched at their tips or they may terminate
bluntly. The sides of the arms are ornamented by blade-like protrusions of
variable shape. The blades are located at varying distances from the tips of
the arms and there is no fixed number per arm. Specimens with small or no
protrusions are common,

The sutures of the superior face are curved or hook-shaped in anticlock-
wise direction. In the central area of this face a large pentagonal knob is
present. This knob is orientated with the corners of the pentagon pointing
towards the right sides of the arms. On the same face every arm is orna-
mented with a row of nodes that run along the median axis.

The sutures on the inferior face are straight, and a small knob may orna-
ment the centre of the central area.

Differential diagnosis: Helio-discoaster tanii differs from Helio-discoaster
nodifer in the number of segments. Helio-discoaster nodifer has a larger cen-
tral area, thinner arms and a larger superior knob than of H. tanii. In addi-
tion, it differs in the position and the shape of the lateral ornamentation of
the arms; H. mirus bears lateral blades close to the tips of the arms and not
at about the middle of the arms as is the case in H. tanii.

Emendation: We confine the concept of the species to specimens with up
to 5 segments and arms that may or may not bear lateral ornamentation and
may or may not be notched at their tips. This was prompted by the need to
facilitate the distinction of H. tanii from H. nodifer.

Occurrence: The range of H. tanii falls outside the range of our closely
sampled sections. It has been recorded only in individual samples from Egypt
(Umbarca) and S. ltaly (Calabria). The species has been reported from zone
CP14 to CP18.
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Helio-discoaster nodifer (Bramlette and Riedel) Theodoridis,

emended
(PL. 31, figs. 6, 7)

Discoaster tanii nodifer Bramlette and Riedel, 1954, p. 397, pl. 39, fig. 2; Martini, 1960, p. 78, table
9, fig. 19; Levin, 1965, p. 270, pl. 34, fig. 5;Haq, 1968, p. 46, pl. 10, fig. 7; Haq, 1969, p. 14, pl.
5, fig. 5; Bukry, 1974, figs. 6], 6L.

Discoaster tanii Bramlette and Riedel; Deflandre, 1968, partim, pp. 44, 45, pl. 11, figs. 13, 14, non:
pl. 9, figs. 15-17.

Discoaster nodifer (Bramlette and Riedel) Bukry, 1973, p. 678, pl. 4, fig. 24.

Discoaster binodosus hirundinus Martini, 1958, partim, p. 362, pl. 4, fig. 19b, non: pl. 4, fig. 19a.

Discoaster germanicus Martini, 1958, p. 360, pl. 3, figs. 15a, b,

Discoaster stradneri Noél, Bukry, 1971, pl. 1, fig. 10.

Helio-discoaster nodifer (Bramlette and Riedel) Theodoridis, 1983, p. 20.

Description: Asteroliths with 6 segments are assigned to this species. The
segments exhibit relatively long, robust and rather parallel-sided arms. The
central area is small in relation to the length of the arms. The arms are
deeply notched in most specimens of this species, but specimens with blunt
terminations are considered to be within the variation of the species. The
sides of the arms are ornamented by lateral blades of varying shape and num-
ber. The blades are situated close to the middle of the arms and towards
their tips. The superior faces of the arms are ornamented by nodes arranged
in rows along the right side of each arm. The sutures of the superior face are
curved or slightly hooked in anticlockwise direction. At the central area a
pronounced hexagonal knob with rather small diameter is present. The
points of the hexagon are orientated towards the right side of the correspon-
ding arm.

The inferior face of the asteroliths shows straight but slightly subradial su-
tures. The arms do not possess any ornamentation at this face.

Differential diagnosis: Helio-discoaster nodifer has a relatively smaller cen-
tral area and a smaller central knob on the superior face than H. binodosus.

H. tanii differs from H. nodifer in the number of arms.

Emendation: The concept of this species is made to fit specimens with 6
or more segments. This emendation follows from the restriction of H. tanii
to specimens with 5 or less than 5 segments.

Occurrence: H. nodifer was observed in samples belonging to zone CP19
(Calabria). It has been reported to range as low as zone CP13.

Genus Eu-discoaster Tan Sin Hok, 1927, emend. Theodoridis

Synonyms: Hemi-Discoaster Tan Sin Hok, 1927. Discoaster Tan Sin Hok, 1931, Agalmatoaster
Klumpp, 1953. Catinaster Martini and Bramlette, 1963, Clavodiscoaster Prins, 1971.
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Diagnosis: Asteroliths with straight sutures on both their proximal and
distal faces.

Remarks: The asteroliths are composed of a limited number of segments
(3 to 6 segments; exception: E. nonaradiatus with up to 8 segments). The
segments are wedge-shaped towards the centre of the asterolith and are at-
tached to each other by planar surfaces without imbrication. The majority of
species of Eu-discoaster possess well-developed arms.

All asteroliths of this genus (except E. misconceptus n. sp.) are non-bire-
fringent in plane view, unless they are overgrown or pronouncedly curved. In
side view they show extinction parallel to the direction of polarization.

Subdivision: The genus is subdivided into six morphological groups: (a)
E. deflandrei group, (b) E. exilis group, (c) E. kugleri group (d), E. coalitus
group, (e) E. bellus group and (f) E. brouweri group.

Type species: Eu-discoaster brouweri (Tan Sin Hok) Theodoridis. Basio-
nym: Discoaster brouweri Tan Sin Hok.

EU-DISCOASTER DEFLANDREI GROUP

Diagnosis: Asteroliths with predominantly 6 segments, parallel-sided arms,
broadly bifurcating arm terminations and little or no curvature of the arms.
The arms often possess a longitudinal ridge on their distal surface.

Eu-discoaster distinctus (Martini) Theodoridis
(PL. 32, figs. 1, 2)
Discoaster distinctus Martini, 1958, p. 363, pl. 4, figs. 17a, b; Bramlette and Sullivan, 1961, p. 162,
pl. 11, figs. 11, 13; Stradner and Papp, 1961, p. 72, pl. 11, fig. 1, text-fig. 8/8; Sullivan, 1965,
p. 41, pl. 10, fig. 4; Kapellos and Schaub, 1973, p. 728, partim, p. 8, fig. 5, non: pl. 5, figs. 3, 4;
Haq and Lohmann, 1976, pl. 6, fig. 6; Miiller, 1979, pl. 4, fig. 12.
Discoaster gemmifer Stradner, 1961, p. 86, fig. 83; Stradner and Papp, 1961, partim, pp. 69—71, pl.

24, figs. 4, 5, table 9, figs. 1a, b, non: pl. 24, fig. 6, table 9, figs. 2--5, text-fig. 8/6.
Eu-discoaster distinctus (Martini) Theodoridis, 1983, p. 17.

Description: The discoasters of this species consist of 6 and rarely of 5
segments. Asteroliths with 7 segments do exist but they are rare and often
malformed. The central area is small in relation to the length of the arms.
The arms broaden towards their tips. The tips of the arms are incised by
deep Ushaped notches producing two prominent and pointed branches.
Very characteristic lateral nodes or blades can be seen at the base of the bi-
furcations.

The distal face of the central area is ornamented by shallow depressions
around the centre of the asterolith. The remaining elevated area at the centre
(distal knob) has the shape of a hexagon (pentagon or heptagon if the astero-
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lith has 5 or 7 segments) with its points orientated towards the interray
areas. The distal faces of the arms are ornamented by ridges.

A starshaped knob can be observed at the centre of the proximal face.
The points of the star are directed to the right sides of the arms. Ridges are
present also along the proximal faces of the arms. The ridges are situated to
the right of the median axis and may be connected to the points of the prox-
imal knob.

Differential diagnosis: Eu-discoaster distinctus possesses very character-
istic Ushaped terminal notches and the branches of its bifurcations are paral-
lel to the longitudinal axis of the arms. Furthermore, the lateral blades or
nodes at the base of the bifurcations give the branches a triangular shape.
The observation of these features facilitates the distinction of this species
from E. deflandrei.

Occurrence: E. distinctus ranges from zone CP10 to zone CP12.

Eu-discoaster deflandrei (Bramlette and Riedel) Theodoridis
emended

(PL. 32, fig. 5)

Discoaster deflandrei Bramlctte and Riedel, 1954, p. 399, pl. 33, fig. 6, text-fig. 1; Martini, 1958, pp.
363, 364, pl. 5, figs. 23a—c; Stradner, 1958, p. 184, figs. 17, 18; Stradner, 1959, p. 1087, fig. 25;
Bramlette and Sullivan, 1961, p. 158, pl. 11, figs. 4a—b; Stradner and Papp, 1961, p. 71, pl. 10,
figs. 16, text-fig. 8/7; Sullivan, 1964, p. 190, pl. 11, figs. 8, 9; Bramlette and Wilcoxon, 1967, p.
109, pl. 7, fig. 4; Black, 1968, p. 153, fig. 6; Bukry, 1971, p. 995, pl. 4, fig. 4; Haq, 1971, p. 90,
pl. 12, fig. 10; Ellis, Lohman and Wray, 1972, p. 43, pl. 13, fig. 1; Bukry, 1973, pl. 4, figs. 12—14;
Roth, 1973, p. 736, pl. 6, fig. 5, pl. 8, fig. 3; Perch-Nielsen, 1974, pl. 15, figs. 18—20; Proto
Decima et al., 1978, pl. 9, figs. 3, 6; Haq and Berggren, 1978, pl. 4, fig. 16; Moshkovitz and Ehr-
lich, 1980, pl. 2, fig. 12.

Discoaster cf. D. molengraaffi Tan; Stradner, 1959, p. 1085, fig. 24.

Discoaster cf. D. deflandrei Bramlette and Riedel; Sullivan, 1965, p. 41, pl. 10, fig. 5.

Discoaster sp. (deflandrei group) Martini, 1965, p. 406, pl. 35, fig. 10, pl. 37, figs. 3—6.

Discoaster sp. (tani group) Martini, 1965, p. 406, pl. 37, figs. 1, 2.

Clavodiscoaster deflandrei (Bramlette and Riedel) Prins, 1971, pl. 5, fig. 43: Invalid combination,
ICBN art. 33, 2.

Eu-discoaster deflandrei (Bramlette and Riedel) Theodoridis, 1983, p. 17.

Description: The discoasters of E. deflandrei usually consist of 6 and less
frequently of 5 segments. Discoasters with 3, 4 and 7 segments are atypical
forms that occur rarely and cannot always be assigned to the species with
certainty.

The central area of E. deflandrei is large, relative to the length of the arms.
The arms are parallel-sided, relatively thick and they terminate in broad bi-
furcations. Very often the bifurcations are primarily filled by calcite. In ex-
treme cases this filling resembles a blade or a membrane connecting the two
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branches of the bifurcation and it may bend proximally. The branches of the
bifurcation are rounded or truncated at their tips and they may possess later-
al nodes or blades.

The distal faces of the asterolith is almost flat. The central area is orna-
mented by depressions that are arranged around the centre of the asterolith.
A polygonal knob is present at the centre of the distal face with its points
orientated towards the interray areas.

The distal faces of the arms are ornamented by median ridges. The proxi-
mal face of the asterolith is slightly concave and bears no additional features.

Differential diagnosis: E. deflandrei differs from E. distinctus in the shape
of the bifurcations and the ratio between central area and arm.

Emendation: The figures that accompany the original description of the
E. deflandrei give no indication about the features of the central area. Subse-
quent descriptions by Stradner (1958, 1959), Stradner and Papp (1961) and
Romein (1979) — probably based on observations of H. mirus — attributed
to the species characteristics of Helio-discoaster by ascribing curved sutures
to one of the faces.

Here the species concept is confined to discoasters with straight sutural
lines on both proximal and distal faces of the central area.

Occurrence: This is the longest-ranging species of Eu-discoaster, having its
first occurrence in the Eocene zone CP10 and ranging up to the Miocene M.
convallis Zone.

Eu-discoaster nonaradiatus (Klumpp) Theodoridis
(PL. 32, figs. 3, 4)

Discoaster nonaradiatus var, Klumpp, 1953, p. 383, text-fig. 3/5.

Discoaster heptaradiatus var. Klumpp, 1953, p. 383, text-fig. 3/3.

Agalmatoaster septemradiatus Klumpp, 1953, p. 384, text-fig. 4/1, pl. 6, figs. 8—9; Prins, 1971, pl. 4,
fig. 34.

Discoaster nonaradiatus Klumpp, Martini, 1958, p. 364, pl. 4, figs. 21a, b; Bramlette and Sullivan,
1961, p. 162, pl. 12, figs. 1315,

Discoaster septemradiatus (Klumpp) Martini, 1958, pp. 364, 365, pl. 4, figs. 20a, b; Bramlette and Sul-
livan, 1961, p. 162, pl. 12, figs. 16, 17.

Eu-discoaster nonaradiatus (Klumpp) Theodoridis, 1983, p. 18.

Remarks: The asteroliths of this species are small and except for the num-
ber of arms (7 or 8) they resemble the asteroliths of E. deflandrei.
Occurrence: This species is restricted to zones CP10 and CP11.

Eu-discoaster druggii (Bramlette and Wilcoxon) Theodoridis
(Pl 12, fig. 1, pl. 32, figs. 6, 7)

Discoaster extensus Bramlette and Wilcoxon, 1967, p. 110, pl. 8, figs. 2—8.
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Discoaster druggi Bramlette and Wilcoxon, 1967, p. 220, nomen subst. pro Discoaster extensus Bram-
lette and Wilcoxon, 1967, non: Hay, 1967.
Eu-discoaster druggii (Bramlette and Wilcoxon) Theodoridis, 1983, p. 17.

Description: Only asteroliths consisting of 5 or 6 segments have been ob-
served. They are flat and are of irregular thickness which given them a mot-
tled appearance in transmitted light.

The arms are parallel-sided or they may be slightly tapering; they are orna-
mented by lateral nodes or blades. The tips of the arms are incised by a
shallow and V-shaped notch.

Both the proximal and the distal face of the asterolith lack any features
such as knobs or ridges.

Differential diagnosis: E. druggii is distinguished from E. deflandrei by the
lateral nodes of its arms and the lack of extended bifurcations.

Occurrence: This species ranges from the E. druggii Subzone to the S.

belemnos Subzone.

Eu-discoaster variabilis (Martini and Bramlette) Theodoridis
(PL. 32, fig. 8)

Discoaster brouweri var. a Tan Sin Hok, 1927, p. 415, fig. 13. Invalid: ICBN art. 43. 1.

Discoaster brouweri var. a Tan Sin Hok, 1931, p. 93. Valid: ICBN art. 41, 1b.

Discoaster brouweri var, ¥ Tan Sin Hok, 1927, p. 415, fig. 7. Invalid: ICBN art. 43, 1.

Discoaster brouweri var. ¥ Tan Sin Hok, 1931, p. 93, Valid: ICBN art. 41, 1b.

Discoaster challengeri Bramlette and Riedel, Stradner in Stradner and Papp, 1961, partim, pp. 83—85,
pl. 18, figs. 4—6,non: pl. 17, figs. 1-3, 6, pl. 18, figs. 1, 3, pl. 19, figs. 4—6, text-figs. 8/21, 24/10,
24/11.

Discoaster variabilis Martini and Bramlette, 1963, p. 854, pl. 104, figs. 4—9; Martini, 1969, p. 293,
pl. 28, fig. 8; Cati and Borsetti, 1970, p. 630, pl. 82, figs. 1, 2; Hay et al., 1967, pl. 3, fig. 11; Ellis,
Lohman and Wray, 1972, p. 54, pl. 16, fig. 1; Perch-Nielsen, 1972, pl. 12, figs. 1—4, 6; Miiller,
1974, pl. 8, figs. 11, 12; Fuchs and Stradner, 1977, pp. 34, 35, pl. 1, figs. 2123, pl. 5, figs. 4—9:
Perch-Nielsen, 1977, pl. 15, fig. 14; Proto Decima et al., 1978, pl. 7, figs. 10—-14; Haq and Berg-
gren, 1978, pl. 4, fig. 28; Moshkovitz and Ehrlich, 1980, pl. 5, figs. 3, 4; Huang and Okamoto,
1980, pl. 4, fig. 3; Bukry, 1981, pl. 1, figs. 1, 2; Driever, 1981, pl. 1, figs. 4—6.

Discoaster sp. (variabilis Group) Martini, 1965, pp. 406, 407, pl. 37, figs. 7, 8.

Discoaster saundersi Hay, in Hay et al., 1967, p. 453, pl. 3, figs. 2—6.

Discoaster divaricatus Hay, in Hay et al., 1967, p. 451, pl. 3, figs. 7—9.

Discoaster extensus Hay, in Hay et al., 1967, p. 451, pl. 3, figs. 1012, pl. 4, figs. 1--2.

Discoaster dilatus Hay, in Hay et al., 1967, pp. 450, 451, pl. 4, figs. 3, 4.

Discoaster phyllodus Hay, in Hay et al,, 1967, p. 453, pl. 4, figs. 5, 6; Cati and Borsetti, 1970, p. 629,
pl. 78, figs. 1, 2.

Discoaster aulakos Gartner, 1967, p. 2, pl. 4, figs. 4a, b, 5a, b; Cati and Borsetti, 1970, p. 624, pl. 78,
figs. 1—-6; Bukry, 1973, pl. 4, fig. 3; Jafar, 1975, pl. 6, fig. 6; Fuchs and Stradner, 1977, p. 33, pl.
7, figs. 27, 35, 36; Hojjatzadeh, 1978, pl. 1, fig. 2.

Clavodiscoaster variabilis (Martini and Bramlette) Prins, 1971, pl. 5, fig. 46, Invalid: ICBN art. 33, 2.

Clavodiscoaster aulakos (Gartner) Prins, 1971, pl. 5, fig. 45. Invalid: ICBN art. 33, 2.

Discoaster moorei Bukry, 1971, p. 46, pl. 2, figs. 11,12, pl. 3, figs. 1, 2.
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Discoaster cf. D. exilis Martini and Bramlette, Jafar, 1975, pp. 48, 49, pl. 6, fig. 3.

Discoaster cf. D, variabilis Martini and Bramlette, Jafar, 1975, pp. 52, 53, pl. 6, fig. 4; Moshkovitz and
Ehrlich, 1980, pl. 5, figs. 5--8.

Discoaster pentaradiatus Tan Sin Hok, Jafar, 1975, partim, p. 50, pl. 7, fig. 5, fig. 7, non: pl. 7, fig. 6.

Discoaster aff. D. deflandrei Bramlette and Riedel, Hojjatzadeh, 1978, p. 6, pl. 1, fig. 7.

Eu-discoaster variabilis (Martini and Bramlette) Theodoridis, 1983, p. 19.

Description: The discoasters of this species usually consist of 6 and rarely
of 3, 4, or 5 segments. The variants with 5 segments are asymmetrical. The
arms are long relative to the diameter of the central area; they are parallel-
sided and bifurcate at their tips. The branches of the bifurcations are long
and bear lateral blades. The notch between the branches is filled by a prima-
ry calcareous membrane.

The distal face of the central area of well-preserved specimens has well-
developed depressions around its centre, whereas the centre is elevated and
forms a polygonal knob with its points orientated towards the interray areas.
The arms show ridges along the median axis of their distal face.

Ridges are present also along the median axis of the proximal faces of the
arms. These ridges meet at the centre of the asterolith and form a low stel-
late knob orientated with its points towards the arms.

Differential diagnosis: E. variabilis differs from E. deflandrei mainly in the
relative proportions of the arms to the diameter of the central area, having
longer arms and smaller central area than the latter species.

Occurrence: From the S. heteromorphus Zone up to the Pliocene subzone
CN12d.

Eu-discoaster pseudovariabilis (Martini and Worsley) Theodoridis
(Pl. 32, figs. 12,13)
Discoaster pseudavariabilfs Martini and Worsley, 1971, p. 1500, pl. 3, figs. 2—8; Bukry, 1973, pl. 4,
fig. 26; Miiller, 1974, pl. 7, figs. 9, 10; Proto Decima et al., 1978, pl. 7, figs. 9a—d, pl. 8, figs. 2a, b;

Martini, 1980, pl. 3, figs. 10, 11.
Eu-discoaster pseudovariabilis (Martini and Worsley) Theodoridis, 1983, p. 18,

Description: E. pseudovariabilis consists of 6 and rarely 5 segments. The
variants with 5 segments are asymmetrical. The asteroliths of this species
have a relatively small central area and long arms. The arms are parallel-sided
and their tips bifurcate into two, relatively long branches.

A prominent blade-like projection appears between the branches of the
bifurcation. The termination of this projection is incised by a V-shaped
notch which produces two pointed tips. The distal surface of the projection
is depressed.

The distal face of the central area shows well-developed depressions but
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no central knob. The arms bear prominent distal ridges along their median
axis.

In proximal view the arms exhibit ridges along their entire length. The
ridges are in continuity with the tips of a stellate central knob.

Differential diagnosis: E. pseudovariabilis differs from E. variabilis in the
presence of a prominent projection between the branches of its bifurcation.

Occurrence: This species has been observed from the E. bollii Subzone to
the C. pelagicus Zone.

Eu-discoaster surculus (Martini and Bramlette) Theodoridis

Discoaster brouweri Tan Sin Hok sens. emend. Bramlette and Riedel, Stradner, in Stradner and Papp,
1961, partim, pp. 85—87, pl. 20, figs. 2a, b, 3a, b, 6, text-fig. 8/23, non: pl. 20, figs. 1a, b, 4a, b,
5a,b.

Discoaster surculus Martini and Bramlette, 1963, p. 854, pl. 104, figs. 10—12; Bukry, 1969, pl. 7, fig.
D; Bukry, 1971, pl. 3, fig. 3; Nishida, 1971, p. 55, pl. 18, fig. 4; Martini, 1971, pl. 4, fig. 13; Perch-
Nielsen, 1971, pl. 11, fig. 1; Ellis, Lohman and Wray, 1972, p. 52, pl. 15, figs. 3—5; Akers and
Koeppel, 1973, pl. 4, fig. 2; Miiller, 1974, pl. 6, fig. 12; Perch-Nielsen, 1977, pl. 15, figs. 1, 2, 5, 6,
10; Dermitzakis and Theodoridis, 1978, pl. 2, figs. 6, 7; Haq and Berggren, 1978, pl. 4, figs. 26, 27;
Proto Decima et al., 1978, pl. 8, figs. 1a, b; Conley, 1979, p. 28, pl. 1, fig. 13; Moshkovitz and Ehr-
lich, 1980, pl. 5, figs. 13—16; Martini, 1980, pl. 2, fig. 5; Driever, 1981, pl. 1, figs. 13, pl. 2, figs.
17-19, pl. 3, fig. 1; Varol, 1982, pl. 5, fig. 5, pl. 6, fig. 12.

Clavodiscoaster surculus (Martini and Bramlette) Prins, 1971, pl. 5, fig. 45. Invalid: ICBN art. 33, 2.

Discoaster dilatus Hay, Nishida, 1971, p. 154, pl. 18, fig. 2.

Discoaster toralus Ellis, Lohman and Wray, 1972, p. 53, pl. 16, figs. 2—6.

Eu-discoaster surculus (Martini and Bramlette) Theodoridis, 1983, p. 18.

Description: The discoasters of this species are nearly complanate and
consist of 3 to 6 segments. The 5-segment variants are asymmetrical.

The central area is small in relation to the length of the arms and bears a
distal and a proximal central knob. Its distal surface, around the knob, is orna-
mented by shallow depressions.

The arms are parallel-sided and their tips trifurcate exhibiting two lateral
branches in the plane of the discoaster while the third one is curved proxi-
mally. The distal surface of the trifurcation may be slightly caved. The arms
bear median ridges on both their proximal and distal surface.

Differential diagnosis: E. surculus differs from E. variabilis in exhibiting
trifurcating arm tips. It is distinguished from E. pseudovariabilis by the rela-
tively more massive and blunt trifurcations instead of the protruding notched
blades that are characteristic for the latter species.

Occurrence: The species ranges from the G. rotula Subzone of the Mio-
cene to the CN12c Subzone of the Pliocene.
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Eu-discoaster pansus (Bukry) Theodoridis
(PL. 32, figs. 9, 10)

Discoaster variabilis pansus Bukry, 1971, p. 129, pl. 3, figs. 8, 9; Perch-Nielsen, 1977, pl. 15, fig. 17.
Discoaster icarus Stradner, 1973, pp. 1138, 1139, pl. 41, figs. 10, 11, text-fig. 1.

Discoaster pansus (Bukry) Bukry, 1973, pl. 4, fig. 25.

Eu-discoaster pansus (Bukry) Theodoridis, 1983, p. 18.

Remarks: In general morphology E. pansus is similar to E. variabilis, but
it is larger, it has a broader central area and longer bifurcations. Some speci-
mens exhibit large blades that fill the space between the branches of the
bifurcations (D. icarus morphology).

Occurrence: This species has a consistent occurrence within the interval
from the E. pseudovariabilis Subzone to the C. leptoporus Zone. Rare speci-
mens of E. pansus, however, have been recorded in samples as low as the
E. kugleri Subzone.

Eu-discoaster loeblichii (Bukry) Theodoridis

Discoaster loeblichii Bukry, 1971, pp. 315, 316, pl. 4, figs. 3—5; Bukry, 1973, pl. 4, fig. 18; Proto
Decima et al., 1978, pl. 9, figs. 7, 8.
Eu-discoaster loeblichii (Bukry) Theodoridis, 1983, pp. 17, 18.

Description: The asteroliths of this species have 6 and rarely 5 segments.
The 5-segment variants are asymmetrical.

The arms are parallel-sided or show slightly curved sides becoming broader
towards their tips. The tips bifurcate into two unequal branches. The asym-
metric bifurcations may point dextrally or sinistrally but their orientation is
uniform for the same specimen. Small blade-like protrusions project between
each pair of branches. The arms bear median ridges on their proximal sur-
face.

The central area has a low, rounded or polygonal knob associated with
shallow depressions on its distal surface, whereas a stellate central knob can
be observed in proximal view. The points of the proximal knob are con-
nected to the proximal median ridges of the arms.

Differential diagnosis: E. loeblichii is distinguished from all other dis-
coasters with bifurcating tips by the asymmetric bifurcations.

Occurrence: E. loeblichii is restricted to the E. pentaradiatus and the G.
rotula Subzone.

Eu-discoaster decorus (Bukry) Theodoridis
(Pl 32, fig. 11)
Discoaster variabilis decorus Bukry, 1971, p. 48, pl. 3, fig. 6; Proto Decima et al., 1978, pl. 7, figs.

15,16, pl. 9, fig. 10.
Eu-discoaster decorus (Bukry) Theodoridis, 1983, p. 17.
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Remarks: E. decorus resembles E. variabilis in general characteristics but
it is larger and its bifucations show short pointed limbs and no lateral blades.
Occurrence: This species occurs in the Pliocene zone CN12.

EU-DISCOASTER EXILIS GROUP

Diagnosis: Asteroliths with predominantly 6 segments, tapering arms and
acute bifurcations.

Eu-discoaster protoexilis n. sp.

(Pl. 33, figs. 1, 2)
Discoaster extensus Hay, Miiller, 1974, pl. 7, fig. 4.

Etymology: From protos (= first, Gr.) and exilis.

Description: The asteroliths of this species usually possess 6 and rarely 5
segments. The pentaradial variants are asymmetrical.

The central area is large relative to the length of the arms and bears both a
proximal and a distal central knob. The distal knob is surrounded by depres-
sions.

The arms taper outwards but their tips bifurcate into two long branches
which form an acute angle. The space between all pairs of branches often has
a calcareous filling which gives the bifurcation a fish-tail appearance. The
arms exhibit pronounced median ridges or median knobs in distal view.

In proximal view the ridges are confined to the central area, up to the base
of the arms.

Differential diagnosis: E. protoexilis resembles E. exilis from which it dif-
fers in having shorter arms and highly pronounced distal ridges (or knobs).
Typical forms of E. protoexilis are easily distinguished from typical forms
of E. deflandrei, but intermediate forms between the two are common (com-
pare figs. 3 and 4 in Miiller, 1974, pl. 7).

Holotype: Pl. 33, fig. 1, sample: 369A-67, coordinates: 122.8/14.5.

Isotype: Pl. 33, fig. 2, sample, 369A-67.

Type level: E. druggii Subzone.

Type locality: D.S.D.P. Site 369A, Sierra Leone Rise, Atlantic Ocean.

Occurrence: E. protoexilis has been observed from the interval E. druggii
Subzone to the H. ampliaperta Zone only in the D.S.D.P. Site 369A, Atlan-
tic.
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Eu-discoaster exilis (Martini and Bramlette) Theodoridis

(Pl. 12, fig. 2, pl. 33, figs. 3-5)

Discoaster challengeri Bramlette and Riedel, Stradner, 1959, p. 1087, fig. 26; Stradner, in Stradner
and Papp, 1961, partim, pp. 83-85, pl. 18, figs. 1a, b, 3a, b, text-figs. 8/21, 24/10, 24/11, non:
pl. 17, figs. 1-3, 6, pl. 18, figs. 4—6, pl. 19, figs. 4—6.

Discoaster cf. D. challengeri Bramlette and Riedel, Stradner, in Stradner and Papp, 1961, pl. 19, figs.
1-3.

Discoaster exilis Martini and Bramlette, 1963, p. 852, pl. 104, figs. 1—3; Martini, 1965, p. 405, pl. 37,
fig. 9; Bramlette and Wilcoxon, 1967, p. 110, pl. 7, fig. 3; Cati and Borsetti, 1970, p. 628, pl. 76,
figs. 1-3; Martini, 1971, pl. 3, fig. 22; Ellis, Lohman and Wray, 1972, p. 46, pl. 13, figs. 4, 5; Miil-
ler, 1974, pl. 7, fig. 7; Fuchs and Stradner, 1977, pp. 33, 34, pl. 1, figs. 24, 25, pl. 6, fig. 1, pl. 7,
figs. 6, 13; Proto Decima et al., 1978, pl. 8, figs. 5a—.

Discoaster brouweri picentinus Cati and Borsetti, 1970, p. 625, pl. 79, figs. 1—4.

Eu-discoaster exilis (Martini and Bramlette) Prins, 1971, pl. 5, fig. 52. Invalid: ICBN art. 33, 2; Theo-
doridis, 1983, p.17.

Discoaster cf. D. exilis Martini and Bramlette, Jafar, 1975, pl. 6, fig. 3.

Description: The discoasters have commonly 6 and rarely 5 segments. The
5-segment variants are asymmetrical.

The arms are slender, roughly cylindrical in crosssection and taper to-
wards the tips. The tips bifurcate producing two slender and pointed branches
that form an acute angle in typical forms. The space between the branches
(of all sets of bifurcations) contains a thin calcareous filling. Ridges occur
rarely on the distal surfaces of the arms and, when present, they are not pro-
nounced. In proximal view, ridges radiate from the centre of the asterolith
and continue along the median axis of the arms.

A round central knob is present on the distal surface of the central area.
The area around this knob shows deep distal depressions. A stellate central
knob is present on the proximal surface of the central area.

Differential diagnosis: E. exilis is distinguished from E. protoexilis by the
longer arms and the absence of pronounced ridges on the distal faces of the
arms.

Occurrence: E. exilis occurs from the H. obligua Subzone to the E.
pseudovariabilis Subzone.

Eu-discoaster signus (Bukry) Theodoridis, emended
(Pl. 12, figs. 57, pl. 33, figs. 14—17, pl. 34, figs. 1-6)

Discoaster exilis Martini and Bramlette, Hay et al., 1967, pl. 4, figs. 7, 8.
Discoaster signus Bukry, 1971, p. 48, pl. 3, figs. 3, 4.

Discoaster petaliformis Moshkovitz and Ehrlich, 1980, pp. 17, 18, pl. 6, fgs. 1-7.
Discoaster signus Bukry, Ellis, Lohman and Wray, 1972, p. 51, fig. 1.
Eu-discoaster signus (Bukry) Theodoridis, 1983, p. 18.

Description: Only asteroliths with 6 segments have been observed. The
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arms are long, taper outwards and show no curvature. The tips of the arms
bifurcate into two relatively long and pointed branches which, as a rule,
form an acute angle. The crosssection of the arms is roughly circular.

Ridges can be observed only at the proximal surface of the central area
where they form a stellate knob and radiate to the bases of the arms. The
majority of the discoasters of this species exhibit a characteristic prominent
knob at the centre of the distal face. This knob flares out and forms a mush-
room-like structure. There is a continuous variation, however, between speci-
mens with prominent distal knobs and specimens with knobs of smaller
dimensions.

Differential diagnosis: The discoasters of E. signus are easily distinguished
when they exhibit the characteristic distal knob.

Specimens without such a distal knob differ from E. exilis in their more
slender arms, more acute angle of the bifurcations and in that they lack a cal-
careous filling between the branches of the bifurcations.

Emendation: The species concept of E. signus is emended in order to in-
clude variants with prominent distal knobs (i.e. E. petaliformis (Moshkovitz
and Ehrlich}). The emendation is supplementary to the original diagnosis by
Bukry who depicted only the knobless variants of the species, and he re-
ferred to the absence of “a central area development”.

The knobless variants and the variants with prominent distal knobs have
an identical range in our samples and cannot be separated at any interval due
to the existence of intermediate morphotypes.

Occurrence: E. signus is restricted to the S. heteromorphus Zone ranging
from the E. signus Subzone to the E. musicus Subzone.

Eu-discoaster cf. E. signus
(PL. 34, figs. 7—14)

Remarks: Intermediate types between E. signus and E. musicus, with
short arms, have been observed in the E. signus Subzone. These asteroliths are

indicated in our range charts as E. cf. E. signus.

Eu-discoaster musicus (Stradner) Theodoridis
(Pl. 34, figs. 1518, pl. 35, fig. 5)

Discoaster musicus Stradner, 1959, p. 1088, fig. 28; Stradner, in Stradner and Papp, 1961, partim, p.
85,pl. 17, figs. 72, b, 8a, b, 9a, b, pl. 18, fig. 2, text-fig. 8/22, non: pl. 18, figs. 4a, b, 5a, b.

Discoaster sanmiguelensis Bukry, 1981, p. 462, pl, 2, figs. 7--10, pl. 3, figs. 1—14.

Eu-discoaster musicus (Stradner) Theodoridis, 1983, p. 18.

Description: Only asteroliths with 6 segments have been observed. The
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asteroliths are complanate with relatively short arms and a broad central
area. The arms taper towards their tips and at the tips they exhibit only a
tiny notch.

The distal face of the central area has very pronounced sutural ridges and
a high central knob, which are very characteristic for this species. In some
specimens the sutural ridges extend somewhat further from the periphery of
the central area creating the impression of a double discoaster (cf. pl. 34, fig.
17).

In proximal view low ridges can be observed only close to the centre
where a small stellate knob may be present. The proximal ridges radiate to-
wards the base of the arms.

Differential diagnosis: The species is readily distinguished due to the char-
acteristic sutural ridges. The only other species with prominent sutural ridges
is E. quinqueramus but that species has longer and pointed arms and is pre-
dominantly pentaradial.

Occurrence: This species ranges from the E. signus to E. musicus Subzones
of the S. heteromorphus Zone.

Eu-discoaster subsurculus (Gartner) Theodoridis

(Pl. 33, figs. 12, 13)

Discoaster subsurculus Gartner, 1967, p. 3, pl. 5, figs. 1, 2; Cati and Borsetti, 1970, p. 630, pl. 76, figs.

4,5.

Eu-discoaster subsurculus (Gartner) Theodoridis, 1983, p. 18.

Remarks: All morphological features of this species are comparable to
those of E. exilis except for the thick nodes that appear between the branches
of all sets of bifurcations.

Occurrence: In our sections this species ranges from the H. walbersdorfen-
sis Subzone to the E. kugleri Subzone.

Eu-discoaster bollii (Martini and Bramlette) Theodoridis
(PL. 33, figs. 8—11)

Discoaster bolli Martini and Bramlette, 1963, p. 851, pl. 105, figs. 1—4, 7; Bramlette and Wilcoxon,
1967, p. 109, pl. 8, fig. 11; Perch-Nielsen, 1971, pl. 9, fig. 4; Ellis, Lohman and Wray, 1972, p. 40,
pl. 11, fig. 2, 3; Miiller, 1974, pl. 7, figs. 5, 6; Jafar, 1975, pp. 45, 46, pl. 6, fig. 5; Proto Decima
et al, 1978, pl. 9, fig. 4.

Eu-discoaster bolli (Martini and Bramlette) Prins, 1971, pl. 5, fig. 51. Invalid: ICBN art. 33, 2.
Eu-discoaster bollii (Martini and Bramlette) Theodoridis, 1983, p. 17.

Description: The discoasters of E. bollii consist of 5 or 6 segments. The
pentaradial forms are rare and usually they are asymmetrical. The central
area is relatively large and the arms are short and slender.
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The distal surface of the central area is ornamented by a prominent, stel-
late knob and depressions. A lower, rounded knob and ridges radiating from
it towards the arms can be observed on its proximal surface.

The arms are roughly circular in cross-section, they lack median ridges and
they taper prior to the bifurcations. The bifurcations form an acute angle
and the branches are long and slender. Well-preserved specimens do not have
any calcareous filling between the branches of the bifurcations.

Differential diagnosis: E. bollii closely resembles E. exilis, from which it is
distinguished only by the larger central area and the shorter arms as well as
by the more prominent proximal and distal knobs.

It can be distinguished from the knob-bearing variants of E. signus (Bukry)
emend. by the shorter arms and the larger central area, as well as by the
smaller diameter of its distal knob.

E. cf. E. signus has a smaller central area and a larger (in diameter and
height) distal knob than E. bollii.

Remarks: E. bollii occurs sporadically in our sections and it is not easily
distinguished from E. exilis in all cases.

Occurrence: E. bollii occurs from the E. kugleri Subzone to the E. pseudo-
variabilis Subzone.

Eu-discoaster cf. E. bollii
(PL. 33, figs. 6, 7)

Remarks: This taxonomic label is given to specimens of E. bollii with sub-
dued knobs and relatively long arms. Such specimens have been observed in
the H. intermedia and E. kugleri Subzones.

Eu-discoaster pentaradiatus (Tan Sin Hok, sens. emend. Bramlette
and Riedel) Theodoridis
(PL. 12, figs. 10, 11, pl. 35, figs. 1—4)

Discoaster pentaradiatus var. 7Y Tan Sin Hok, 1927, p. 416, fig. 14. Invalid: ICBN art. 43, 1.

Discoaster pentaradiatus var. 7y Tan Sin Hok, 1931, p. 93, Valid: ICBN art. 41, 1b.

Discoaster pentaradiatus Tan Sin Hok emend. Bramlette and Riedel, 1954, pp. 401, 402, pl. 39, fig.
11, text-fig. 2a, b.

Discoaster pentaradiatus Tan Sin Hok, Martini, 1958, p. 359, pl. 3, figs. 12a, b; Kamptner, 1967, p.
165, pl. 24, fig. 129; Boudreaux and Hay, 1969, p. 282, pl. 9, figs. 1—3; ? Ellis, Lohman and Wray,
1972, p. 49, pl. 14, figs. 3, 4; Jafar, 1975, p. 50, pl. 7, figs. 6, 7.

Eu-discoaster pentaradiatus (Tan Sin Hok) Prins, 1971, pl. 5, fig. 53. Invalid: ICBN art. 33, 2.

Discoaster extensus Hay, Boudreaux and Hay, 1969, p. 286, pl. 9, figs. 7, 8, ?, fig. 8; Jafar, 1975,
p. 49, pl. 6, fig. 10.

Discoaster prepentaradiatus Bukry, 1971, p. 129, pl, 3, figs. 6, 7.

Dicoaster moorei Bukry, Proto Decima et al., 1978, pl. 7, figs. 6, 8 ?, fig. 5.

Eu-discoaster pentaradiatus (Tan Sin Hok) Theodoridis, 1983, p. 18.
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Description: E. pentaradiatus consists predominantly of 5 and rarely of 6
segments.

The central area is medium-sized and the arms are short and flat. The arms
taper prior to a bifurcation with equal branches. The branches of the bifurca-
tions are relatively long, pointed and form an obtuse angle. Ridges are ob-
served only on the proximal face and they are more pronounced on the cen-
tral area where they meet the tips of a low and stellate central knob. The
ridges extend from the points of this knob up to the base of the bifurcations.

The distal face of the central area is ornamented with depressions and a
low and rounded central knob.

The asteroliths of E. pentaradiatus exhibit no birefringence.

Differential diagnosis: E. pentaradiatus is distinguished from E. exilis by
the obtuse angle of the bifurcations and the lack of calcareous filling be-
tween the branches. Moreover, the proximal ridges and the knobs of E. exilis
are more pronounced than those of E. pentaradiatus.

E. misconceptus n. sp. has longer and pronouncedly curved arms, a more
acute angle of bifurcation and it is birefringent in cross polarized light.

Remarks: The concept of E. pentaradiatus is confined here to forms simi-
lar to those originally described by Tan Sin Hok (1927). His concept has un-
dergone subsequent modifications by later authors who attributed to this
species morphological and optical characteristics deviating largerly from
those described by Tan.

Stradner (1959) depicted specimens which differed from the type speci-
mens of Tan (1927) in having pronouncedly curved arms and longer and
more acute bifurcations.

Bukry and Bramlette (1969) — in their description of D. quintatus — mod-
ified even further the concept of the species by implying that E. pentara-
diatus exhibited birefringence. Asteroliths with such optical properties have
been depicted by Moshkovitz and Martinotti (1979), Huang (1980) and
Driever (1981).

Bukry (1971) obsetved the presence of flat pentaradial discoasters (com-
parable in shape with the drawings of Tan) but he isolated them as a differ-
ent species with the name D. prepentaradiatus.

Our observations on the Bebalain sample 168 (i.e. the topotype of E. pen-
taradiatus) did not reveal any birefringent pentaradial discoasters, a fact we
attribute to the lower biostratigraphic position of this sample relative to the
first occurrence of such discoasters. This assumption is in agreement with the
observations of Jafar (1975) who assigned the Bebalain sample to zone NN9;
that is an interval below the level we observed in our sections the first occur-
rence of birefringent pentaradial discoasters with slender arms and apparent
convexity.
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The birefringent pentaradial discoasters are assigned here to E. miscon-
ceptus n. sp.

Occurrence: E. pentaradiatus is restricted to the E. pseudovariabilis Sub-
zone (Zonule b) and the E. pentaradiatus Subzone. The species is absent
from our Mediterranean sections. It is common or abundant in the D.S.D.P.
Site 231, Indian Ocean.

Eu-discoaster misconceptus n. sp.
(text-figs. A—D, PL. 37, figs. 19, 20)

Discoaster pentaradiatus Tan Sin Hok, Stradner, 1959, p. 11, figs. 46, 48; Martini and Bramlette,
1963, p. 853, pl. 105, fig. 5; Bukry, 1971, pl. 1, fig. 5; Cati and Borsetti, 1970, pp. 628, 629, pl.
81, figs. 1, 5; Sachs and Skinner, 1973, pl. 6, figs. 6, 7; Perch-Nielsen, 1977, pl. 15, figs. 7, 8; Samt-
leben, 1978, pl. 5, figs. 3, 5, 6; Proto Decima et al., 1978, pl. 8, figs. 4a—c; Haq and Berggren,
1978, pl. 4, figs. 23, 24; Huang, 1980, pl. 6, figs. 8a, b; Moshkovitz and Ehrlich, 1980, pl. 6, fig.
22; Driever, 1981, pl. 2, figs. 1--16, pl. 3, figs. 12—15; Varol, 1982, pl. 6, fig. 15.

Discoaster pentaradiatus Tan Sin Hok sens. emend. Bramlette and Riedel, Stradner, in Stradner and
Papp, 1961, pp. 8788, pl. 21, figs. 1a, b, 3a, b, 6, text-fig. 8/24, ? figs. 2a, b, 4a, b; ? Nishida,
1971, pp. 154, 155, pl. 18, figs. 3, 6, 13, 14; Martini, 1971, pl. 4, fig. 14; Miiller, 1974, pl. 7, figs.
11,12,

Discoaster challengeri Bramlette and Riedel, Perch-Nielsen, 1971, pl. 11, fig. 3.

Discoaster signus Bukry, Ellis, Lohman and Wray, 1972, p. 51, pl. 15, fig. 1.

Discoaster quadramus Bukry, 1973, p. 307, pl. 1, figs. 5, 6.

Etymology: From the prefix mis- (= wrongly) and concept.

Description: The asteroliths have a small central area and long and slender
arms. They consist predominantly of 5 and rarely of 4 or 6 segments. The
variants with 4 segments are X-shaped.

The central area possesses low central knobs on its proximal and on its
distal surface. The distal surface of the central area is ornamented by shallow
depressions.

The arms are roughly circular in cross section and usually they curve prox-
imally. The terminations of the arms have acuteangled bifurcations with long
and pointed branches. Electron micrographs of the bifurcations of some
specimens revealed branches with a wavy surface. The arms bear median
ridges only on their proximal surface. These ridges extend to the proximal
knob of the central area.

Optical pattern: All asteroliths of E. misconceptus are slightly birefringent
with extinction bands along the sutures of the central area. The entire astero-
lith shows sectors with different brightness that correspond to the different
segments.

Differential diagnosis: E. misconceptus is distinguished from all other dis-
coasters of Eu-discoaster by its birefringence. It differs from E. pentaradiatus
by the more acutely angled bifurcations, the longer arms, the smaller central
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area and the more pronounced curvature.

Holotype: Pl. 37, fig. 19, sample: JT1935.

Isotypes: Text-figs. A—D, PL. 37, fig. 20, sample JT1935.

Type level: C. pelagicus Zone.

Type locality: Falconara, Sicily.

Occurrence: This species ranges from the G. rotula Subzone of the Mio-
cene to the Pliocene zone CN12c.

c - | D

Text-figs. A—D. E. misconceptus n. sp. Light micrographs, 7500X.

EU-DISCOASTER KUGLERI GROUP

Diagnosis: Asteroliths with faint ornamentation on the distal face of their
central area, and notched or bifurcated arm terminations. The asteroliths are
predominantly hexaradial. The arms are slightly tapering.
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Eu-discoaster kugleri (Martini and Bramlette) Theodoridis
(PL. 12, figs. 3, 4, 8, pl. 35, figs. 15-18)

Discoaster kugleri Martini and Bramlette, 1963, p. 853, pl. 102, figs. 11—13; Bramlette and Wilcoxon,
1967, p. 110, pl. 7, figs. 1, 2; Ellis, Lohman and Wray, 1972, p. 47, pl. 14, fig. 1; Martini, 1971,
pl. 3, fig. 24; Miiller, 1974, pl. 7, fig. 2.

Clavodiscoaster kugleri (Martini and Bramlette) Prins, 1971, pl. 5, fig. 40. Invalid: ICBN art. 33, 2.

Discoaster dilatus Hay, Ellis, Lohman and Wray, 1972, pp. 43, 33, pl. 13, fig. 2.

Eu-discoaster kugleri (Martini and Bramlette) Theodoridis, 1983, p. 17.

Description: The discoasters of E. kugleri consist of 5 or 6 segments. The
asteroliths are complanate with a characteristically large central area and
broad interray areas. The outline of the interray areas corresponds to a
circle.

The arms are relatively short and they are thickest at their tips. A sharp
notch is present at the tips of the arms, producing two short and pointed
limbs. Specimens with equal as well as unequal limbs have been observed.
When unequal, the longer of the two limbs points in a clockwise direction (in
proximal view). The arms frequently trifurcate with a third limb bent in a
proximal direction.

The distal face of the central area is entirely flat and featureless. The cen-
tral area of the proximal face bears a low and stellate central
knob with its points directed towards the arms. Low ridges extend from the
points of this proximal knob to the tips of the arms.

The arms of E. kugleri appear brighter than the central area in transmitted
light.

Differential diagnosis: E. kugleri is readily distinguished by the very large
and featureless distal surface of its central area. Discoasters with similarly
large central areas, such as E. bollii and E. cf. E. bollii exhibit pronouncedly
“sculptured” distal central areas with knobs and depressions.

Occurrence: The species is restricted to the E. kugleri Subzone. It is ab-
sent from the Mediterranean sections.

Eu-discoaster micros n. sp.

(PL. 36, figs. 1—3)

Etymology: From micros (= small, Gr.).

Diagnosis: Very small discoasters with short and broadly bifurcating arms
that are thickest (and therefore brightest in transmitted light) at the position
of the bifurcations.

Description: The asteroliths consist of 6 segments.

The central area is relatively large and the arms are very short and bifur-
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cate. The bifurcations have short and pointed limbs that form an obtuse
angle. The asteroliths appear dim in transmitted light except for the termina-
tions of the arms that are brighter, indicating their relative thickness. The
distal central area is featureless. Some specimens show a very low proximal
knob and low proximal ridges that extend from the points of the knob to-
wards the terminations of the arms.

Differential diagnosis: E. micros is distinguished from all other discoasters
with bifurcating arms by its small size and the very short arms.

Holotype: Pl. 36, figs. 1, 2, sample: 369A-7, coordinates: 130.5/8.3.

Isotype: PL. 36, fig. 3, sample: 369A-7.

Type level: E. kugleri Subzone.

Type locality: D.S.D.P. Site 369A, Sierra Leone rise, Atlantic Ocean.

Occurrence: E. micros is restricted to the E. kugleri Subzone.

Eu-discoaster calcaris (Gartner) Theodoridis, emended
(Pl. 12, fig. 12, pl. 35, figs. 13, 14)

Discoaster calcaris Gartner, 1967, p. 2, pl. 2, figs. 1—-3; Martini, 1971, pl. 4, fig. 2; Ellis, Lohman and
Wray, 1972, p. 42, pl. 12, figs. 4, 5; Miiller, 1974, pl. 7, fig. 8; Proto Decima et al., 1978, pl. 6,
figs. 4, 5; Conley, 1979, pl. 1, fig. 15.

Clavodiscoaster calcaris (Gartner) Prins, 1971, pl. 5, fig. 49. Invalid: ICBN art. 33, 2.

Discoaster nechamatus Bukry and Bramlette, Jafar, 1975, partim, p. 50, pl. 6, fig. 2, non: pl. 6, fig. 1.

Discoaster hamatus Martini and Bramlette, Proto Decima et al., 1978, pl. 6, figs. 6a, b.

Eu-discoaster calcaris (Gartner) Theodoridis, 1983, p. 17.

Description: Hexaradial asteroliths with a small central area and long and
slender arms. The arms have a roughly circular cross-section, they taper and
they may bend slightly in a proximal direction.

The arms terminate in a shallow, V-shaped notch which produces two
short, pointed and unequal limbs. The longer limbs point in a clockwise di-
rection (in proximal view). Usually a blade-like protrusion is present on the
proximal face of the longer limb.

The central area shows very shallow distal depressions that extend up to
its centre, which lacks a distal knob.

The discoasters bear ridges on their proximal face. The ridges are more
accentuated on the central area where they bend proximally to form a small
proximal knob. The ridges extend along the median axis to the tips of the
arms. The arms do not possess a median ridge on their distal face.

Differential diagnosis: E. calcaris can be distinguished from E. kugleri by
the longer and more slender arms and the relatively small central area. It
differs from E. exilis in the lack of accentuated features on the distal surface
of its central area, the unequal bifurcations and the occasional presence of a
blade-like trifurcation.
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E. loeblichii also bears unequal bifurcations but it is more comparable to
E. variabilis with parallel-sided arms, distal ridges and blade-like projections
that fill the space between the limbs of the bifurcations.

Emendation: The species concept of E. calcaris is confined to discoasters
with 6 segments. This emendation is intended to permit the distinction of
this species from E. hamatus.

Remarks: E. calcaris and E. hamatus are indiscriminable if the number of
segments is not taken into consideration. Their retention here as different
species facilitates their use in biostratigraphy.

Occurrence: E. calcaris ranges from the E. bellus Subzone to the C. pelagi-
cus Zone.

Eu-discoaster giganteus n. sp.

(PL 36, figs. 4—10)

Etymology: From gigas (= giant, Gr.).

Description: The asteroliths have a broad central area and long arms and
consist of 6 segments.

The distal surface of the central area is almost flat and without a central
knob; in some specimens very shallow depressions can be observed. The de-
pressions extend up to the very centre. No ridges are present on the distal
faces of the arms.

The arms show a tiny V-shaped notch at their tips which produces two
very short and pointed limbs. No calcareous filling is present between these
limbs. A very large third limb is present perpendicular to the proximal sur-
face of the arms. In side view these third limbs are often as large as the free
length of the arms. In some specimens the trifucations are present on only
some of the arms.

In proximal view a small stellate central knob can be seen on the central
area with its points orientated towards the arms. The points of the proximal
knob merge into the ridges which are present on the central area and along
the median axes of the arms.

Differential diagnosis: E. giganteus is readily distinguished from E. calcaris
by the large size of its central area, the thicker arms and the larger perpendic-
ular third limbs of the trifucations. E. kugleri has a similarly large central
area but the arms are shorter and thinner and the third branches that appear
occasionally at the tips of its arms are smaller and oblique.

E. surculus exhibits pronounced features on the distal surface of its cen-
tral area and ridges on the same surface of its arms. Moreover, the third
branch of the trifurcations of E. surculus is smaller and extends obliquely
relative to the arms and not perpendicular to the arms as in E. giganteus.
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Holotype: Pl. 36, figs. 5, 6, sample: 231 -110, coordinates: 100. 0/6. 6.

Isotypes: Pl. 36, figs. 4, 7, sample: 231—117; PL. 36, figs. 8—10, sample:
231-113.

Type level: M. convallis Subzone.

Type locality: D.S.D.P. Site 231, Indian Ocean.

Occurrence: This species has been observed from the E. hamatus Subzone
to the E. pentaradiatus Subzone.

EU-DISCOASTER COALITUS GROUP

Diagnosis: Asteroliths with predominantly 6 segments and very pro-
- nounced sutural ridges on the distal face of the central area.

Eu-discoaster coalitus (Martini and Bramlette) n. comb.
(PL. 12, fig. 15, pl. 35, figs. 6,7, 9)

Discoaster musicus Stradner, in Stradner and Papp, 1961, partim, p. 85, pl. 17, figs. 4a, b, non: pl. 17,
figs. 5, 7, 8, 10.

Catinaster coalitus Martini and Bramlette, 1963, p. 851, pl. 103, figs. 7—10; Bramlette and Wilcoxon,
1967, p. 108, pl. 8, figs. 9--10; Martini, 1971, pl. 4, fig. 4; Ellis, Lohman and Wray, 1972, pp. 36,
37, pl. 9, fig. 5, 6; Miiller, 1974, pl, 10, figs. 1—5; Jafar, 1975, p. 53, pl. 6, fig. 15, 16; Martini,
1980, pl. 3, figs. 1—4.

Description: The asteroliths of this species consist of 5 or 6 segments radi-
ally arranged, but they lack arms. The sutures on both sides of the asteroliths
are straight, indicating planar attachment surfaces between the segments.
They exhibit very deep distal depressions, high distal sutural ridges, a high
proximal knob and high ridges.

Occurrence: E. coalitus occurs in the interval from the E. bollii Subzone
to the E. pentaradiatus Subzone. The species is absent from our Mediter-
ranean samples.

Eu-discoaster mexicanus (Bukry) n. comb.
(PL 35, figs. 10—12)

Catinaster mexicanus Bukry, 1971, p. 50, pl. 3, figs. 7—9; Ellis, Lohman and Wray, 1972, p. 37, pl. 10,
fig. 1; Miiller, 1974, pl. 10, figs. 6—8; Bukry, 1981, pl. 1, figs. 14,

Remarks: The morphology of E. mexicanus is comparable to that of E.
coalitus but it deviates slightly by the blade-like protrusions that form at the
terminations of the proximal ridges.

Occurrence: E. mexicanus is restricted to the E. hamatus Subzone.
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Eu-discoaster calyculus (Martini and Bramlette) n. comb.

(Pl. 35, fig. 8)

Catinaster calyculus Martini and Bramlette, 1963, p. 850, pl. 103, figs. 1-6; Bramlette and Wilcoxon,
1967, p. 108, pl, 8, fig. 13; Martini, 1971, pl. 4, fig. 5; Miiller, 1974, pl. 10, figs, 9—12; Jafar,
1975, p. 54, pl. 6, figs. 11—12; Martini, 1980, pl. 3, figs. 59, pl. 5, figs. 3—6.

Remarks: E. calyculus resembles E. coalitus but its proximal ridges extend
beyond the periphery of the asterolith, forming short pointed free portions.

Occurrence: This species is restricted to the E. pseudovariabilis Subzone.
The species was not recorded in our Mediterranean sections.

EU-DISCOASTER HAMATUS GROUP

Diagnosis: Asteroliths with predominantly 5 segments.

Eu-discoaster bellus (Bukry) Theodoridis
(Pl. 12, fig. 14, pl. 37, figs. 1-3)

Discoaster quinqueramus Gartner, Ellis, Lohman and Wray, 1972, p. 5, pl. 14, fig. 6; Moshkovitz and
Ehrlich, 1980, pl. 6, figs. 1, 23, 24.

Discoaster bellus Bukry, 1971, p. 128, pl. 3, figs. 1, 2; Bukry, 1973, pl. 4, fig. 6; Haq and Berggren,
1978, pl. 4, figs. 3, 8.

Discoaster cf. D. quinqueramus Gartner, Moshkovitz and Ehrlich, 1980, pl. 6, figs. 12—15.

Eu-discoaster bellus (Bukry) Theodoridis, 1983, p. 17.

Description: The asteroliths of this species are very small and consist of 5
segments. They are very thin and appear dim in transmitted light except for
the tips of their arms which appear brighter. A very small proximal knob is
the only feature of the central area visible in the light microscope.

Differential diagnosis: E. bellus is distinguished from all other five-rayed
species or five rayed variants of species by its very small size and almost
featureless proximal and distal surfaces.

Remarks: The specimens figured by Bukry show obvious overgrowth, thus
appearing considerably thicker than the specimens observed in our samples.

Occurrence: E. bellus is the earliest pentaradial discoaster lacking bire-
fringence and having pointed arm terminations. It ranges from the E. bellus
Subzone to the C. leptoporus Subzone A.

Eu-discoaster hamatus (Martini and Bramlette) Theodoridis,
emended
(PL 12, fig. 13, pl. 37, figs. 4—7)

Discoaster hamatus Martini and Bramlette, 1963, pp. 852, 853, pl. 105, figs. 8, 10, 11; Bramlette and
Wilcoxon, 1967, p. 110, pl. 7, figs. 9—11; Martini, 1971, pl. 4, fig. 1; Perch-Nielsen, 1972, pl. 9,
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fig. 3, pl. 11, figs. 2, 4, 6; Bukry, 1973, pl. 4, fig. 16; Jafar, 1975, p. 49, pl. 5, fig. 15; Haq and
Berggren, 1978, pl. 4, fig. 18.
Clavodiscoaster hamatus (Martini and Bramlette) Prins, 1971, pl. 5, fig. 48. Invalid: ICBN art. 33, 2.
Eu-discoaster hamatus (Martini and Bramlette) Theodoridis, 1983, p. 17.

Description: The species includes asteroliths with 3 to 5 segments. The
predominant variants are symmetrical with 5 segments. Asymmetrical 5-seg-
mented variants are rare. The variants with 4 segments are cross-shaped.

The asteroliths of E. hamatus show a large variation in size. The central
area is relatively small. The arms are long and slender and they bend proxi-
mally. The cross-section of the arms is roughly circular.

The arms may have a tiny V-shaped notch at their tips which produces
two small, pointed and unequal limbs. The arms possess ridges only on their
proximal surface. The ridges are situated along the right sides of the arms
and they extend towards the centre of the asterolith where they form a low
and stellate proximal knob. The proximal knob is slightly rotated and its
tips point towards the right sides of the arms (in proximal view).

The proximal ridges extend beyond the bifurcations, and bend proximally
and slightly to the right (in proximal view) producing a sense of a clockwise
rotation of the arm tips.

The distal face of the central area is ornamented with depressions and a
small knob. Some specimens exhibit ridges along the sutural lines of this
face of the central area (compare e.g. pl. 11, figs. 2, 4, 6 in Perch-Nielsen,
1972).

Differential diagnosis: E. hamatus is distinguished from all other pentara-
dial discoasters by the clockwise pointing of its arms in proximal view. It
differs from E. calcaris in the number of arms.

Emendation: From the species concept of E. hamatus are excluded vari-
ants with 6 segments. This emendation is essential for the differentiation of
the species from E. calcaris (see also to the description of E. calcaris).

Occurrence: This species ranges from the E. hamatus Subzone to the E.
pseudovariabilis Subzone.

Eu-discoaster quinqueramus (Gartner) Theodoridis, emended
(PL 12, fig. 9, pl. 37, figs. 8—18)

Discoaster quinqueramus Gartner, 1969, p. 598, pl. 1, figs. 1-3; Bukry, 1971, pl. 1, fig. 6; Martini,
1971, pl. 4, fig. 6; Perch-Nielsen, 1971, pl. 9, figs. 1, 2, pl. 10, figs. 2, 4; Bukry, 1973, pl. 4, fig. 27;
Miiller, 1974, pl. 8, figs. 5—10; Perch-Nielsen, 1977, pl. 15, figs. 12, 15; Proto Decima et al., 1978,
pl. 7, fig. 4; Huang, 1980, pl. 6, figs. 4a, b.

Discoaster quintatus Bukry and Bramlette, 1969, p. 133, pl. 1, figs. 6—8.

Discoaster berggrenii Bukry, 1971, p. 45, pl. 2, figs. 4—6; Perch-Nielsen, 1972, pl. 10, figs. 1-3, 5, 7;
Bukry, 1973, pl. 4, fig. 7; Proto Decima et al., 1978, pl. 7, figs. 1—3; Haq and Berggren, 1978, pl.
4, fig. 4.
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Eu-discoaster quinqueramus (Gartner) Prins, 1971, pl. 5, fig. 54. Invalid: ICBN art. 33, 2.
Eu-discoaster quinqueramus (Gartner) Theodoridis, 1983, p. 18.

Description: The discoasters of E. quinqueramus consist of 3 to 6 seg-
ments. All variants are symmetrical and the predominant variant has 5 seg-
ments.

The proportion of the central area relative to the arms varies greatly and
so does the overall size of the asteroliths.

The arms are slender with a roughly circular cross-section; they are tape-
ring and curve proximally. The tips of the arms are pointed. A prominent
polygonal knob is present at the centre of the proximal face. The points of
the knob are directed to the right side of the arms in proximal view (cf. pl.
12, fig. 9). Relatively low ridges radiate from the points of the knob towards
the arms.

In distal view, the central area exhibits very characteristic ridges along the
sutural lines. These sutural ridges meet at the centre of the asterolith to form
a stellate distal knob with its points orientated towards the interray areas
(cf. pl. 37, figs. 8,10, 11, 12, 14, 17). Distal depressions are present between
the sutural ridges.

Differential diagnosis: E. quinqueramus is the only discoaster with non-bi-
furcating tips that exhibits a pronounced proximal knob and distal sutural
ridges; as such it is easily distinguished from all other discoasters.

Emendation: The species concept is emended to include specimens with
short arms comparable to E. berggrenii (Bukry) as well as variants with 3, 4
and 6 segments.

Remarks: Specimens with 3, 4 and extremely rarely 6 segments occur
throughout the range of the species. They can easily be assigned to E. quin-
queramus by the large proximal knobs and the distal sutural ridges on their
central areas.

Extremely rich associations of E. quinqueramus such as those of D.S.D.P.
Sites 231 and 219 revealed all variations between discoasters with short (i.e.
E. berggrenii) and long arms (i.e. E. quinqueramus). Although the number of
long-rayed forms increases at the expense of the short-rayed ones in the up-
per part of the range of the species, both extremes have identical ranges.

Occurrence: From the G. rotula Zonule a to the C. leptoporus Subzone A.
The species is absent from our Mediterranean sections.

EU-DISCOASTER BROUWERT GROUP

Diagnosis: Predominantly hexaradial discoasters with tapering arms and
pointed arm terminations. The asteroliths of this group are slightly to
strongly bent in a proximal direction.
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Eu-discoaster brouweri (Tan Sin Hok emended Bramlette
and Riedel) Theodoridis
(PL. 36, figs. 11-13)

Remarks: The species is subdivided into two subspecies: E. brouweri sub-
sp. brouweri n. subsp. and E. brouweri subsp. streptus n. subsp.

Eu-discoaster brouweri subsp. brouweri n. subsp.

(PL. 36, fig. 13)

Discoaster brouweri typ. Tan Sin Hok, 1927, p. 415, figs. 8a, b. Invalid: ICBN art. 43, 1.

Discoaster brouweri typ. Tan Sin Hok, 1931, p. 93. Valid: ICBN art. 41, 1b.

Discoaster brouweri Tan Sin Hok, sens. emend. Bramlette and Riedel, 1954, p. 402, pl. 39, fig. 12,
text-figs. 3a, b; Stradner, in Stradner and Papp, 1961, partim, pp. 85—87, pl. 20, figs. 1, 4, 5, non:
pl. 20, figs. 2, 3, 6.

Discoaster brouweri Tan Sin Hok, Martini and Bramlette, 1963, p. 851, pl. 102, figs. 9, 10; McIntyre,
Bé and Preikstas, 1967, pl. 3, fig. C; Kamptner, 1967, p. 164, pl. 24, fig. 133; Bramlette and Wil-
coxon, 1967, p. 109, pl. 8, fig. 12; Black, 1968, pl. 153, fig. 8; Bukry, 1969, pl. 7, fig. C; Cati and
Borsetti, 1970, pp. 624, 625, pl. 78, figs. 3—5; Bukry, 1971, pl. 3, fig. 2; Bukry, 1971, pl. 1, figs.
1, 2, 7; Martini, 1971, pl. 4, fig. 15; Nishida, 1971, pl. 18, figs. 7, 8, 9; Perch-Nielsen, 1972, pl. 11,
fig. 5; Sachs and Skinner, 1973, pl. 6, fig. 8; Miiller, 1974, partim, pl. 8, figs. 2—4, non: pl. 8,
fig. 1; Jafar, 1975, p. 46, pl. 7, fig. 12; Perch-Nielsen, 1977, pl. 15, fig. 9; Samtleben, 1978, pl. 5,
figs. 1, 2, 3; Proto Decima et al., 1978, pl. 6, fig. 2, pl. 9, figs. 2a, b; Haq and Berggren, 1978, pl. 4,
fig. 7; Moshkovitz and Ehrlich, 1980, partim, pl. 6, fig. 17, non: pl. 5, figs. 17, 18, 19; Driever,
1981, pl. 1, figs. 10—13, pl. 3, figs. 6--9; Varol, 1982, pl. 5, figs. 1, 2.

Discoaster tamalis Kamptner, 1967, p. 166, pl. 24, fig. 131, text-fig. 28; Perch-Nielsen, 1977, pl. 15,
fig. 4; Dermitzakis and Theodoridis, 1978, pl. 2, figs. 1a, 5; Haq and Berggren, 1978, pl. 4, fig. 21;
Moshkovitz and Ehrlich, 1980, pl. 6, fig. 21; Driever, 1981, pl. 1, figs. 14, 15, pl. 3, figs. 10, 11.

Discoaster furus Kamptner, 1967, p. 164, text-fig. 27.

Discoaster tarosus Kamptner, 1967, p. 166, text-fig. 29.

Discoaster tridenus Kamptner, 1967, pp. 166, 167, text-fig. 30.

Discoaster brouweri Tan Sin Hok rutellus Gartner, 1967, p. 2, pl. 1, figs. 1, 2; Nishida, 1971, p. 154,
pl. 18, figs. 5, 8; Ellis, Lohman and Wray, 1972, pp. 41, 42, pl. 12, fig. 3.

Discoaster asymmetricus Gartner, 1969, p. 598, pl. 1, figs. 1—3; Bukry, 1971, pl. 1, figs. 3—4; Martini,
1971, pl. 4, fig. 12; Ellis, Lohman and Wray, 1972, p. 39, pl. 10, figs. 5, 6; Akers and Koeppel,
1973, pl. 4, fig. 4; Perch-Nielsen, 1977, pl. 15, fig. 3; Dermitzakis and Theodoridis, 1978, pl. 2,
fig. 1b; Proto Decima et al., 1978, pl. 6, fig. 2, pl. 9, figs. 2a, b; Haq and Berggren, 1978, pl. 4, fig.
7; Moshkovitz and Ehrlich, 1980, pl. 6, fig. 17; Driever, 1981, pl. 1, figs. 10—13, pl. 3, figs. 6=9;
Varol, 1982, pl. 5, figs. 1, 2.

Discoaster sp. aff. D. brouweri Tan Sin Hok, Bukry, 1969, pl. 6, fig. C.

Discoaster sp. Bukry, 1969, pl. 6, figs. A, B.

Discoaster brouweri recurves Cati and Borsetti, 1970, p. 626, pl. 80, figs. 1—5.

Discoaster brouweri tridenus (Kamptner) Hay, 1970, p. 461.

Discoaster brouweri tamalis (Kamptner) Hay, 1970, p. 461.

Discoaster brouweri triradiatus (Tan Sin Hok) Hay, 1970, p. 461.

Discoaster braarudii Bukry, 1971, pp. 45, 46, pl. 6, fig. C; Bukry, 1973, pl. 4, fig. 10.

Eu-discoaster brouweri (Tan Sin Hok) Prins ssp. brouweri, 1971, pl. 5, fig. 55. Invalid: ICBN art. 33, 2
and 43, 1.

Eu-discoaster brouweri {Tan Sin Hok) Prins ssp. 3R 4R, Prins, 1971, pl. 5, fig. 56. Invalid: ICBN art.
33,2and 43,1,
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Eu-discoaster asymmetricus (Gartner) Prins, 1971, pl. 5, fig. 56. Invalid: ICBN art. 33, 2.
Discoaster triradiatus Tan Sin Hok, Dermitzakis and Theodoridis, 1978, pl. 2, fig. 4.
Discoaster tridenus Kamptner, sens. emend. Bukry, 1981, p. 462, pl. 3, figs. 15—17,
Eu-discoaster brouweri (Tan Sin Hok) Theodoridis, 1983, p. 17.

Description: The asteroliths consist of 3 to 6 segments. The variants with
4 segments are cross-shaped whereas the variants with 5 segments are asym-
metrical. The dominant variants are those with 6 segments.

The central area of the asteroliths is small and the arms are slender, long
and tapering. The cross-section of the arms is roughly circular and the termi-
nations are pointed or they may be shaped like a pointed blade.

The distal face of the central area is ornamented by shallow distal depres-
sions and may or may not bear a distal knob. The proximal face of the cen-
tral area may be featureless or it may show very low ridges that extend from
the centre of the asterolith towards the arms. A low and rounded knob may
ornament the centre of this face.

The asteroliths of E. brouweri brouweri show a continuous variation from
flat to pronouncedly bent.

Some specimens show a slight clockwise curvature of their arms (in proxi-
mal view).

Differential diagnosis: E. brouweri brouweri is distinguished from E.
hamatus and E. calcaris by the pointed arm terminations. It differs from
E. quinqueramus by the lack of ridges along the sutures of the distal face of
the central area and the lack of a pronounced proximal knob.

Occurrence: This subspecies ranges from the G. rotula Subzone of the
Miocene to the Pliocene zone CN12d.

Eu-discoaster brouweri subsp. streptus n. subsp.
(Pl. 36, figs. 11, 12)

Discoaster brouweri Tan Sin Hok, Ellis, Lohman and Wray, 1972, partim, p. 41, pl. 11, fig. 6, pl. 12,
fig. 2, non: pl. 11, figs. 4, 5, pl. 12, fig. 1; Akers and Koeppel, 1973, partim, pl. 4, fig. 1, non:
pl. 4, fig. 3; Miiller, 1974, partim, pl. 8, fig. 1, non: pl. 8, figs. 2—4; Moshkovitz and Ehrlich, 1980,
partim, pl. 5, figs. 17, 18, 19, non: pl. 6, fig. 17; Varol, 1982, partim, pl. 5, fig. 4, non: pl. 6, fig.
14.

Discoaster sp. Proto Decima et al., 1978, pl. 6, fig. 1.

Etymology: From strefo (= turn, Gr.).

Remarks: This subspecies of E. brouweri bears a pronounced stellate prox-
imal knob in addition to all other features characteristic for the other sub-
species. The knob is slightly rotated so that its tips are orientated towards
the right sides of the arms in proximal view. Ridges radiate from the tips of
the knob towards and along the right sides of the arms.
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E. brouweri streptus is the dominant subspecies in the Miocene part of the
range of E. brouweri, but it becomes sporadic in the Pliocene, and it is en-
tirely replaced by E. brouweri brouweri prior the last occurrence of the
species.

It is distinguished from E. intercalaris by the longer arms and from E.
quinqueramus by the lack of distal sutural ridges.

Holotype: Pl. 36, fig. 12, sample: 23127, coordinates: 130. 0/5. 4.

Isotype: Pl. 36, fig. 11, sample: 231-90.

Type level: C. leptoporus Zone.

Type locality: D.S.D.P. Site 231, Gulf of Aden.

Occurrence: E. brouweri streptus occurs from the E. pseudovariabilis Sub-
zone of the Miocene to the Pliocene subzone CN12d. In the Upper Pliocene
this subspecies has a sporadic occurrence.

Eu-discoaster intercalaris (Bukry) n. comb.

(PL. 36, figs. 15, 16)
Discoaster intercalaris Bukry, 1971, p. 315, pl. 3, fig. 12, pl. 4, figs. 1, 2.

Description: The asteroliths of this species consist of 6 segments.

The central area and the arms are small. The terminations are blunt. On
the proximal face of the central area a prominent stellate knob can be seen.
The knob is slightly rotated so that its points are directed towards the right
sides of the arms in proximal view. In the same view ridges are observed to
radiate from the points of the proximal knob towards and along the right
sides of the arms.

A low knob and shallow depressions may be present on the distal face of
the central area.

Differential diagnosis: E. intercalaris is distinguished from all other dis-
coasters with blunt arms by its short arms.

Lt differs from E. altus (Miiller) in the lack of pointed arm tips.

Occurrence: This species has been observed in the E. pentaradiatus and
the G. rotula Subzones.

Eu-discoaster neorectus (Bukry) Theodoridis
(PL. 36, figs. 14, 17)

Discoaster neorectus Bukry, 1971, pp. 316, 318, pl. 4, figs. 6, 7; Proto Decima et al., 1972, pl. 9, fig.
9; Moshkovitz and Ehrlich, 1980, p. 16, pl. 6, figs. 19, 20.
Eu-discoaster neorectus (Bukry) Theodoridis, 1983, p. 18.

Remarks: E. neorectus is comparable to E. brouweri but it is larger and
complanate.
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Occurrence: This species is restricted to the G. rotula Subzone. Although
present, it is extremely scarce in the Mediterranean sections.

Eu-discoaster altus (Miiller) Theodoridis

Discoaster altus Miiller, 1974, p. 592, pl. 9, figs. 1-3.
Eu-discoaster altus (Miiller) Theodoridis, 1983, p. 17.

Description: This is a species of Eu-discoaster with relatively small astero-
liths which exhibit a broad central area and six short and pointed arms. A
large proximal knob is the main feature of the central area. The knob is stel-
late and (in proximal view) its tips are orientated towards the right sides of
the arms. Short ridges extend from the points of the knob towards and along
the right sides of the arms.

Differential diagnosis: E. altus is distinguished from E. intercalaris by its
pointed arms. It differs from E. brouweri streptus in having much shorter
arms.

Occurrence: Miiller (1974) reported this species from the Lower Pliocene
(NN14—NN15).

Eu-discoaster tristellifer (Bukry) Theodoridis

Discoaster tristellifer Bukry, 1976, p. 499, pl. 1, figs. 1—17; Bukry, 1981, p. 462, pl. 4, figs. 1—6.
Eu-discoaster tristellifer (Bukry) Theodoridis, 1983, pp. 18, 19.

Remarks: This species has been described by Bukry (1976 and 1981)
from Lower Pliocene samples. It has not been observed in our samples.

MORPHOLOGICAL CATEGORIES WITHOUT STATUS OF SEPARATE SPECIES

E. asymmetricus morphotypes

Diagnosis: Asymmetrical asteroliths with five segments, tapering arms and
pointed arm terminations.

Remarks: Asteroliths with such characteristics have a biostratigraphically
useful acme in the Upper Pliocene (Zone CN12, Subzones CN12a, CN12b)
but they occur sporadically from as low as Subzone CN10a (Bukry, 1973a
and 1975). In our samples they have been observed from Subzone CN7b
(Middle Miocene) upwards.

Gartner (1969) classified these asymmetrical asteroliths as D. asymmet-
ricus. Here we reject the species status of this morphological category be-
cause asymmetrical, 5-segmented discoasters belong to the variation common
for most species of Eu-discoaster. The acceptance of asymmetry as a charac-
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ter defining species would lead to unnecessary splitting, as asymmetrical
forms of all other species then can also be considered as separate species.
Moreover, we wish to avoid classification of such morphotypes within a
particular species, because there are more than one species within which the
E. asymmetricus morphotypes can be included; both E. brouweri and E. bel-
lus could be considered as potential candidates. Both species have over-
lapping but not identical ranges which would make the choice of a name im-

possible.

E. tamalis morphotypes

Diagnosis: Asteroliths with 4 segments, tapering arms and pointed arm
terminations. The asteroliths are cross-shaped.

Remarks: Asteroliths with this morphology occur sporadically from zone
CN7 up to the lower part of zone CN12. In the interval represented by sub-
zones CN12a and CN12b they have a biostratigraphically significant acme.
These morphotypes are considered here to belong to different species, such
as E. brouweri, L. bellus and E. hamatus.

E. triradiatus morphotypes

Diagnosis: Symmetrical asteroliths with 3 segments. The arms of the
asteroliths taper and they are pointed at their terminations.

Remarks: The E. triradiatus morphotypes may derive from E. brouweri,
E. hamatus, E. quinqueramus and E. bellus. They occur sporadically through-
out the combined ranges of these species (zones CN7 up to CN12).

E. neohamatus morphotypes

Diagnosis: Asteroliths with 6 segments, tapering arms and pointed arm
terminations. The arm terminations are curved in clockwise direction when
the specimens are observed from their proximal side.

Remarks: The asteroliths depicted by Bukry and Bramlette (1969) as D.
neohamatus show signs of heavy overgroth. It is possible that they are pre-
servational artefacts of E. calcaris or/and of E. brouweri streptus which often
also show arm terminations which are curved in a clockwise direction. The
E. neohamatus morphotypes occur from zone CN7 to zone CN8a.

Despite the preservational origin of such asteroliths we retain their distinc-
tion under an informal name as they are useful for the biostratigraphic as-
signment of samples from that interval in which the asteroliths are largely
altered by overgrowth.
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E. moorei morphotypes

Diagnosis: Asymmetrical asteroliths with 5 segments and arms with bifur-
cated terminations.

Remarks: The E. moorei morphotypes may be asymmetrical variants of
E. deflandrei, E. variabilis and E. exilis.
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Figs. 1-8,10—11:

Fig. 12:
Fig. 9:
Figs. 1, 2.

Figs. 3—8.

Figs. 9—11.

Fig. 12.
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Plate 1

LM micrographs, parallel nicols, 1787.5 X.
LM micrograph, crossed nicols, 1787.5 X.
SEM micrograph, 3400 X.

Amaurolithus primus (Bukry and Percival) Gartner and Bukry. Same specimen
(fig. 1: low focus, fig. 2: high focus). Sample 219—26.

Amaurolithus amplificus (Bukry and Percival) Gartner and Bukry.

Figs. 3, 4. Sample 219-43, same specimen (fig. 3: low focus, fig. 4: high
focus).

Figs. 5, 6. Sample 219-21, same specimen (fig. 5: high focus, fig. 6: low
focus).

Figs. 7, 8. Sample 219-30, same specimen (fig. 7: high focus, fig. 8: low
focus).

Amaurolithus delicatus Gartner and Bukry.

Fig. 9. Sample JT1935.
Fig. 10. Sample JT1935.
Fig. 11. Sample 219-33.

Ceratolithus acutus Gartner and Bukry. Sample 219-25, crossed nicols.
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Plate 2

LM micrographs, crossed nicols, 2447.5 X.

Figs. 1-3.

Figs. 4—6.
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Calcidiscus premacintyrei n. sp.

Fig. 1. Holotype, sample CP3656.

Fig. 2. Sample CP3656.

Fig. 3. Sample MT750.

Calcidiscus macintyrei (Bukry and Bramlette) Loeblich and Tappan.
Fig. 4. Sample 369A-13.

Fig. 5. Sample 369A-16.

Fig. 6. Sample 369A-11.






Figs. 1,3-8:
Fig. 2:

Figs. 1, 2.
Figs. 3—8.
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Plate 3

LM micrographs, crossed nicols, 2447.5 X.

SEM micrograph, 4500 X.

Geminilithella rotula (Kamptner) Backman. Sample 369A-27.

Hayella aperta n. sp.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

3.
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Holotype, sample 369A-18.
Side view, sample 369A-27.
Sample 369A-18.
Sample 369A-21.
Sample 369A-22.
Sample 369A-22.






Plate 4

Fig. 1: SEM micrograph, 8900 X,
Figs. 2—7: LM micrographs, 2447.5 X,
Figs. 1—7. Minylitha convallis Bukry, emended.
Fig. 1. Apical view, sample CP3019.
Fig. 2. Basal view, crossed nicols, sample CP4305.
Fig. 3. Basal view, crossed nicols, sample 231-111.
Fig. 4. Side view, crossed nicols, sample 369A-2.
Figs. 5—7. Side view, parallel nicols, same specimen, sample 231-94 (fig.

5: high focus, fig. 6: middle focus, fig. 7: low focus).
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Plate 5

LM micrographs, 2447.5 X.

Figs. 1—4. Reticulofenestra rotaria n. sp.
Fig. 1. Holotype, sample 219-12.
Fig. 2. Sample 219-30.
Fig. 3. Sample JT1910.
Fig. 4. Sample 219-25.
Figs. 5--7. Reticulofenestra ampliumbilicus n. sp.
Fig. 5. Holotype, sample CP4579.
Fig. 6. Sample CP4580.
Fig. 7. Sample CP4579.
Fig. 8. Reticulofenestra floridana (Roth and Hay) n. comb. Sample 369A-58.
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Plate 6

LM micrographs, crossed nicols, 2447.5 X.

Figs. 1-7.
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Solidopons petrae n. gen., n. sp.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1.

NN s LN

Holotype, sample 219-39.
Sample CP4566.

Sample 369A-17.

Sample 369A-57.

Sample 219-39.

Side view, sample 369A-59.
Side view, sample 369A-12.






Plate 7

LM micrographs, crossed nicols, magnification: 2447.5 X. All specimens are presented in their original
orientation,

Figs. 14, Sphenolithus belemnos Bramlette and Wilcoxon.
Fig. 1. Sample 372-114.
Figs. 2, 3. Same specimen, sample 372-113.
Fig. 4. Sample 372-113.
Figs. 5—12. Sphenolithus heteromorphus Deflandre.
Fig. 5. Sample 369A-25.
Fig. 6. Sample 372-94.
Fig. 7. Sample CP3614.
Fig. 8. Sample MT735.
Fig. 9. Sample 372-110.
Figs. 10-12. Sample CP3615.
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Figs. 1-7,9:

Fig. 8:
Figs. 1-3.

Figs. 4—7.

Figs. 8, 9.
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Plate 8

LM micrographs, crossed nicols, 2447.5 X. All specimens presented in their orig-
inal orientation.

SEM micrograph, 8000 X,

Sphenolithus moriformis (Bronnimann and Stradner) Bramlette and Wilcoxon,

Figs. 1, 2. Same specimen, sample 369A-40.
Fig. 3. Sample 369A-40.

Sphenolithus capricornutus Bukry and Percival.
Figs. 4, 5. Same specimen, sample 369A-75.
Figs. 6, 7. Same specimen, sample 369A-70.
Sphenolithus abies Deflandre.

Fig. 8. Sample JT1935.

Fig. 9. Sample JT1935.
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Plate 9

LM micrographs, crossed nicols, magnification: 2447.5 X. All specimens are presented in their original
orientation.

Figs. 1—4. Syracosphaera? fragilis n. sp.
Fig. 1. Holotype, sample CP4581.
Fig. 2. Sample AU163.
Fig. 3. Sample CP4581.
Fig. 4. Sample CP4561.
Figs. 5—12. Tetralithoides symeonidesii n. gen., n. sp.
Fig. 5. Holotype, sample 372-101.
Fig. 6. Sample 369A-13.
Figs. 7, 9. Sample 369A-63.
Fig. 8. Sample 369A-15.
Fig. 10. Sample 369A-64.
Figs. 11,12, Sample 369A-25.
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Plate 10

Figs. 1—4,9-13: LM micrographs, crossed nicols.
Figs. 5—8,14—-16: LM micrographs, parallel nicols.

All specimens are presented in their original orientation. 1760 X,

Figs. 1, 2,5, 6. Triquetrorhabdulus carinatus Martini.
Figs. 1, 5. Same specimen, sample 369A-69,
Figs. 2, 6. Same specimen, sample 369A-67.
Figs. 3,7,4, 8. Triquetrorhabdulus milowii Bukry.
Figs. 3, 7. Same specimen, sample 369A-60.
Figs. 4, 8. Same specimen, sample 369A-51.
Figs. 9, 10. Triquetrorhabdulus challengeri Perch-Nielsen,
Fig. 9. Sample 369A-74.
Fig. 10. Sample 369A-76.
Figs. 11--16. Triquetrorhabdulus martinii Gartner.
Fig. 11. Side view, sample 369A-30.
Fig. 12. Side view, sample 369A-52.
Figs. 13, 14. Same specimen, side view, sample 369A-32.
Figs. 15, 16. Same specimen, dorsal view (fig. 15: high focus, fig. 16: low

focus), sample 369A-43.
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Plate 11

LM micrographs, parallel nicols, 1760 X, All specimens are presented in their original orientation.

Figs. 1-3.

Figs. 4—6.

Figs. 7—10.
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Triquetrorhabdulus rugosus Bramlette and Wilcoxon.
Fig. 1. Sample CP3710.
Figs. 2, 3. Sample CP3135.

Triquetrorhabdulus extensus n. sp. Holotype, high (fig. 4), middle (fig. 5) and
low focus (fig. 6). Sample 219-3,

Triquetrorhabdulus finifer n. sp.
Figs. 7, 8. Holotype, low (fig. 7) and high focus (fig. 8), sample 219-1.
Figs. 9, 10. Sample 219-1.
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Plate 12

Eu-discoaster index species

LM micrographs, parallel nicols. 1485 X,

Fig. 1.

Fig. 2.

Figs. 3, 4, 8.

Figs. 5—-7.

Fig. 9.

Figs. 10, 11.

Fig. 12.

Fig. 13.

Fig. 14.

Fig. 15.

216

Eu-discoaster druggii (Bramlette and Wilcoxon) Theodoridis. Distal view, high
focus, sample 369A-73.

Eu-discoaster exilis (Bramlette and Martini) Theodoridis. Distal view, high focus,
sample 369A-64.

Eu-discoaster kugleri (Martini and Bramlette) Theodoridis.

Figs. 3, 4. Same specimen, proximal view, fig. 3: high focus, fig. 4: low
focus. Sample 369A-9.
Fig. 8. Distal view, high focus, sample 369A-9.

Eu-discoaster signus (Bukry) Theodoridis. Same specimen, distal view, fig. 5:
low focus, fig. 6: middle focus, fig. 7: high focus. Sample 369A-24.

Eu-discoaster quinqueramus (Gartner) Theodoridis. Proximal view, high focus,
sample 231-73.

Eu-discoaster pentaradiatus (Tan Sin Hok) Theodoridis. Same specimen, distal
view, fig. 10: high focus, fig. 11: low focus. Sample 231-113.

Eu-discoaster calcaris (Gartner) Theodoridis. Proximal view, high focus. Sample
231-110.

Eu-discoaster hamatus (Martini and Bramlette) Theodoridis. Proximal view, high
focus. Sample 231-120.

Eu-discoaster bellus (Bukry) Theodoridis. Proximal view, high focus. Sample
231-97.

Eu-discoaster coalitus (Martini and Bramlette) n. comb. Distal view, high focus.
Sample 219-23.
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Plate 13

Helicosphaera index species

LM micrographs, crossed nicols. 2447.5 X. All specimens are presented in their original orientation.

Fig. 1. Helicosphaera ampliaperta Bramlette and Wilcoxon. Sample 369A-63.
Fig. 2. Helicosphaera waltrans n. sp. Sample 369A-35.

Fig. 3. Helicosphaera perch-nielseniae (Haq) Jafar and Martini. Sample 369A-53.
Fig. 4. Helicosphaera orientalis Black. Sample 369A-12.

Fig. 5. Helicosphaera walbersdorfensis Miiller, emended.

Fig. 6. Helicosphaera stalis n. sp. Sample CP3118.
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Plate 13




Plate 14

Structural details of the helicoliths

SEM micrographs. Fig. 1: 5400 X; Fig. 2: 5400 X; Fig. 3: 7500 X; Fig. 4: 25000 X; Fig. 5: 35000 X.

Fig. 6: 50000 X.
Fig. 1.

Fig. 2.

Fig. 3.
Figs. 4, 6.

Fig. 5.
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Distal view of a helicolith showing characteristics of the blanket. A narrow band
of the distal surface of the flange can be observed along the periphery of the
specimen.

Proximal view of a helicolith showing the proximal plate and part of the flange.
The proximal plate is slightly broken (lower left side) exposing part of the prox-
imal portions of the curved elements of the flange.

Distal view of a helicolith with partly dissolved centre exposing a cross section
of the blanket.

Details of figure 3 showing the multiple layers of the blanket and the character-
istic bricklaying arrangement of the lamellar elements.

Side view of the “wing termination” of the specimen of fig. 3 showing the con-
tinuity of the distal and proximal portions of the “curved elements” of the
flange.






Plate 15

LM micrographs, crossed nicols. 2447.5 X. All specimens are presented in their original orientation.

Fig. 1.
Figs. 2—7.

Figs. 8—12.

Helicosphaera seminulum Bramlette and Sullivan. Sample SP149.

Helicosphaera bramlettei (Miiller) Jafar and Martini.

Fig. 2. Sample AEB 3920-30.

Figs. 3—7. Sample WEPCO 2500-2530.
Helicosphaera gartneri n. sp.

Fig. 8. Holotype. Sample WEPCO 2500—2530.
Figs. 9--12. Sample WEPCO 2500--2530.
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Plate 16

LM micrographs. Figs. 1—6, 8: crossed nicols; Fig. 7: parallel nicols. 2447.5 X. All specimens are pre-
sented in their original orientation.

Fig. 1. Helicosphaera heezenii (Bukry) Jafar and Martini. Sample UM 2990—3000.

Fig. 2. Helicosphaera papillata (Bukry and Bramlette) Jafar and Martini. Sample UM
3070—-3100.

Figs. 3—5. Helicosphaera reticulata Bramlette and Wilcoxon. Sample UM 3070—-3100.

Figs. 6—8. Helicosphaera compacta Bramlette and Wilcoxon, Sample PL 25,
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Plate 17

LM micrographs, crossed nicols. Magnification 2447.5 X. All specimens are presented in their original

orientation.

Figs. 1, 2.
Figs. 3, 4.

Fig. 5.
Figs. 6—9.

Fig. 10.
Fig. 11.
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Helicosphaera recta (Haq) Jafar and Martini. Sample 372-147.

Helicosphaera perch-nielseniae (Haq) Jafar and Martini.
Fig. 3. Sample 372-94.
Fig. 4. Sample MT728.

Helicosphaera obliqua Bramlette and Wilcoxon. Sample 372-80.

Helicosphaera elongata n. sp.

Fig. 6. Holotype. Sample 369A-10.
Fig. 7. Sample 369A-10.
Fig. 8. Sample 369A-41.
Fig. 9. Sample 369A-49.

Helicosphaera cf. H. orientalis Black. Sample 369A-35.
Helicosphaera orientalis Black. Sample CP4540.






Plate 18

LM micrographs, crossed nicols. Magnification 2447.5 X. All specimens are presented in their original
orientation.

Fig. 1. Helicosphaera cf, H, orientalis Black. Sample 369A-33.
Figs. 25, Helicosphaera orientalis Black.
Fig. 2. Sample 369A-14.
Fig. 3. Sample 372-5.
Fig. 4. Sample CP3730.
Fig. 5. Sample CP3140.
Figs. 6—-8. Helicosphaera pacifica Miiller and Brénnimann. Sample CP3149.
Figs. 9—11. Helicosphaera acutan. sp.
Fig. 10. Holotype. Sample 397-15-3.
Figs. 9,11. Sample 397-15-3.
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Plate 19

Figs. 1-10. LM micrographs, crossed nicols. Magnification 2447.5 X. All specimens are pre-
sented in their original orientation.
Fig. 11. SEM micrograph, 8900 X,
Figs. 1—4. Helicosphaera ampliaperta Bramlette and Wilcoxon.
Fig. 1. Sample CP3610.
Fig. 2. Sample 372-110.
Figs. 3, 4. Sample MT732.
Figs. 5-8. Helicosphaera scissura Miller,
Figs. 5, 6. Sample 372-96.
Fig. 7. Sample MT731.
Fig. 8. Sample CP3615.
Figs. 9—11. Helicosphaera walbersdorfensis Miiller.
Figs. 9, 11. Sample JT3071.
Fig. 10. Sample CP3690.
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Plate 20

LM micrographs, crossed nicols. Magnification 2447.5 X. All specimens are presented in their original
orientation.

Figs. 1-4. Helicosphaera vedderi Bukry.
Fig. 1. Sample CP3616.
Figs. 2, 3. Sample MT729.
Fig. 4. Sample 372-112.
Figs. 5-9. Helicosphaera waltrans n. sp.
Fig. 5. Holotype. Sample MT740.
Fig. 6. Sample MT740.
Fig. 7. Sample MT739.
Fig. 8. Sample MT741.
Fig. 9. Sample MT737.
Figs. 10—12. Helicosphaera stalis ovata n. sp., n. subsp. Sample CP3122.
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Plate 21

LM micrographs, crossed nicols. Magnification 2447.5 X, All specimens are presented in their original

orientation.

Figs. 1-7.

Figs. 8—12.
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Helicosphaera stalis ovata n. sp., n, subsp.

Fig. 1. Holotype of subspecies. Sample CP4609.

Figs. 3, 4. Sample CP3118.

Figs. 5—7. Sample CP3059.

Helicosphaera stalis stalis n. sp., n. subsp,

Fig. 9. Holotype of species and subspecies. Sample CP3018.
Figs. 8,10, 11.  Sample 369A-15.

Fig. 12. Sample CP3020.
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Plate 22

LM micrographs, crossed nicols. Magnification 2447.5 X. All specimens are presented in their original

orientation.

Figs. 1, 2.

Fig. 3.
Figs. 4-9.
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Helicosphaera euphratis Haq.
Fig. 1. Sample 369A-75.
Fig. 2. Sample MT713.

Helicosphaera intermedia Martini. Sample M110-D.

Helicosphaera mediterranea Miller.

Figs. 4, 5. Sample CP3618.
Fig. 6. Sample 369A-36.
Figs. 7-9. Sample MT736.



Plate 22




Plate 23

LM micrographs, crossed nicols. Magnification 2447.5 X. All specimens are presented in their original

orientation.

Figs. 1—4.

Fig. 5.

Figs. 6, 7.

Figs. 8, 9.
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Helicosphaera paleocarteri n. sp.
Fig. 1. Holotype. Sample CP3682.
Figs. 2—4. Sample CP3670.

Helicosphaera carteri var. carteri n, var.
Sample 369A-25.

Helicosphaera carteri var. burkei n. var,
Fig. 6. Sample 369A-5.
Fig. 7. Sample 231-95.

Helicosphaera carteri var. wallichii n. var.
Sample S120.






Plate 24

Helicoliths depicted in proximal (left) and distal view (right). 3300 X.
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Plate 24

e

H. lophota H. seminufum

H. heezenii H. dinesenii

" H, bramiettei

H. compacta " H. reticulata
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Plate 25

Helicoliths depicted in proximal (left) and distal view (right). 3300 X.
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Plate 25

H. inversa
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Plate 26

Helicoliths depicted in proximal (left) and distal view (right). 3300 X,
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Plate 26

H. ampliaperta H. waltrans

H. vedderi H. walbersdorfensis

H. stalis stalis H. stalis ovata

H. sellii
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Plate 27

Helicoliths depicted in proximal (left) and distal view (right). 3300 X.
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Plate 27

H. gartneri

H. mediterranea H. paleocarteri

H.carteri
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Plate 28

LM micrographs, parallel nicols, 1485 X,

Figs. 1, 2.

Fig. 3.

Fig. 4.
Figs. 5, 6.

Figs. 7-9.

Figs. 10-12.
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Helio-discoaster mohleri (Bukry and Percival) Theodoridis. Same specimen,
sample IR115, (fig. 1: low focus, fig. 2: high focus).

Helio-discoaster multiradiatus (Bramlette and Riedel) Theodoridis. Sample
SP630.

Helio-discoaster gemmeus (Stradner) Theodoridis. Sample IR129.

Helio-discoaster nobilis (Martini) Theodoridis. Same specimen, sample SP630,
(fig. 5: low focus, fig. 6: high focus).

Helio-discoaster mediosus (Bramlette and Sullivan) Theodoridis.

Figs. 7, 8. Same specimen, sample IR117, (fig. 7: high focus, fig. 8:
low focus).
Fig. 9. Sample IR119.

Helio-discoaster elegans (Bramlette and Sullivan) Theodoridis. Same specimen,
sample IR119, (fig. 10: high focus, fig. 11: middle focus, fig. 12: low focus).



Plate 28
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Plate 29

LM micrographs, parallel nicols, 1485 X,

Figs. 1-3. Helio-discoaster diastypus (Bramlette and Sullivan) Theodoridis.
Fig. 1. Sample SP641.
Figs. 2, 3. Same specimen, sample SP641, (fig. 2: high focus, fig. 3:
low focus).
Figs. 4—8. Helio-discoaster barbadiensis (Tan) Theodoridis.
Figs. 4—6. Same specimen, sample IR150, (fig. 4: high focus, fig. 5:
middle focus, fig. 6: low focus).
Figs. 7, 8. Same specimen, sample IR150, (fig. 7: high focus, fig. 8:
low focus).
Figs. 9--13. Heliodiscoaster kuepperi (Stradner) Theodoridis.
Figs. 9, 10. Same specimen, sample IR141, (fig. 9: high focus, fig. 10:
low focus).
Figs. 11—-13. Same specimen, sample IR141, (fig. 11: low focus, fig. 12:

middle focus, fig. 13: high focus).
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Plate 29
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Plate 30

LM micrographs, parallel nicols, 1485 X.

Figs. 1--3. Helio-discoaster saipanensis (Bramlette and Riedel) Theodoridis. Same speci-
men, sample SP690, (fig. 1: high focus, fig. 2: middle focus, fig. 3: low focus).
Figs. 4—6. Helio-discoaster lodoensis (Bramlette and Riedel) Theodoridis.
Figs. 4, 5. Same specimen, sample SP643 (fig. 4: high focus, fig. 5: low
focus).
Fig. 6. Sample SP643.
Figs. 7, 8. Helio-discoaster colletii (Parejas) Theodoridis. Same specimen, sample IR144,

(fig. 7: low focus, fig. 8: high focus).
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Plate 30
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Place 31

LM micrographs, parallel nicols, 1485 X,

Figs. 1. 2.

Figs. 3—-5.

Figs. 6, 7.

Figs. 8—10.
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Helio-discoaster ornatus (Stradner) Theodoridis. Same specimen, sample SP640,
(fig. 1: high focus, fig. 2: low focus).

Helio-discoaster mirus (Deflandre) Theodoridis. Same specimen, sample IR134,
(fig. 3: high focus, fig. 4: middle focus, fig. 5: low focus).

Helio-discoaster nodifer (Bramlette and Riedel) Theodoridis. Same specimen,
sample UM 2990—3000, (fig. 6: high focus, fig. 7: low focus).

Helio-discoaster tanii (Bramlette and Riedel) Theodoridis.

Fig. 8. Sample UM 2990—3000, high focus.

Figs. 9, 10. Same specimen, sample UM 2990-3000 (fig. 9: low focus,
fig. 10: high focus).



Plate 31
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Plate 32

LM micrographs, parallel nicols, 1485 X.

Figs. 1, 2.
Figs. 3, 4.

Fig. 5.

Figs. 6, 7.

Fig. 8.

Figs. 9, 10.

Fig. 11.

Figs. 12,13.
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Eu-discoaster distinctus (Martini) Theodoridis. Sample UM 2990--3000.

Eu-discoaster nonaradiatus (Klumpp) Theodoridis. Sample UM 2990—3000,
focus on the distal side.

Eu-discoaster deflandrei (Bramlette and Riedel) Theodoridis. Sample 372-139.

Eu-discoaster druggii (Bramlette and Wilcoxon) Theodoridis.
Fig. 6. Sample 372-142, focus on the distal side.
Fig. 7. Sample 369A-73, focus on the distal side.

Eu-discoaster variabilis (Martini and Bramlette) Theodoridis. Sample 219-1,
focus on the proximal side.

Eudiscoaster pansus (Bukry) Theodoridis. Same specimen, sample 231-93 (fig.
9: focus on the proximal side, fig. 10: focus on the distal side).

Eu-discoaster decorus (Bukry) Theodoridis. Focus on the distal side.

Eu-discoaster pseudovariabilis (Martini and Worsley) Theodoridis. Same speci-
men, sample 231-130 (fig. 12: focus on the distal side, fig. 13: focus on the
proximal side).
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Plate 33

LM micrographs, parallel nicols, 1485 X,

Figs. 1, 2.

Figs. 3—5.

Figs. 6, 7.

Figs. 8—11.

Figs. 12,13.
Figs. 14—-17.
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Eu<discoaster protoexilis n. sp.

Fig. 1. Holotype. Sample 369A-67, focus on the distal side.
Fig. 2. Sample 369A-67, focus on the distal side.
Eu-discoaster exilis (Martini and Bramlette) Theodoridis.

Fig. 3. Sample 372-44, focus on the outline.

Fig. 4. Sample 372-44, focus on the distal side.

Fig. 5. Sample CP3721 focus on the proximal side.

Eu-discoaster cf. E. bollii (Martini and Bramlette) Theodoridis. Same specimen,
sample CP3118, (fig. 6: focus on the distal side, fig. 7: focus on the proximal
side).

Eu-discoaster bollii (Martini and Bramlette) Theodoridis.
Figs. 8, 9. Sample 231-116.
Figs. 10, 11. Sample 231-115.

Eu-discoaster subsurculus (Gartner) Theodoridis. Sample 369A-6.

Eu-discoaster signus (Bukry) Theodoridis. Same specimen, sample 369A-41. The
figures are arranged in order from low to high focus.
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LM micrographs, parallel nicols, 1485 X,

Figs. 1-6.

Figs. 7—14,

Figs. 15-18.
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Plate 34

Eu-discoaster signus (Bukry) Theodoridis.

Figs. 1-3.
Figs. 4, 5.

Fig. 6.

Same specimen, sample 369A-50 (fig. 1: low focus, fig. 2:
middle focus, fig. 3: high focus).

Same specimen, sample 369A-47 (fig. 4: low focus, fig. 5:
high focus).

Sample 369A-39.

Eu-discoaster cf, E. signus (Bukry) Theodoridis.

Figs. 7, 8.
Figs. 9, 10.

Figs. 11,12,
Figs. 13,14.

Same specimen, sample 369A-59 (fig. 7: low focus, fig. 8:
high focus).

Same specimen, sample 369A-59 (fig. 9: low focus, fig. 10:
high focus).

Sample 369-54.

Same specimen, sample 369A-59 (fig. 13: low focus, fig. 14:
high focus).

Eu-discoaster musicus (Stradner) Theodoridis.

Figs. 15-17.

Fig. 18.

Same specimen, sample 369A-52 (fig. 15: low focus, fig. 16:
middle focus, fig, 17: high focus).
Sample 369A-36.
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Plate 35

LM micrographs, parallel nicols, 1485 X.

Figs. 1—4. Eu-discoaster pentaradiatus (Tan) Theodoridis.
Figs. 1-3. Sample 231-106.
Fig. 4. Sample 101.
Fig. 5. Eu-discoaster musicus (Stradner) Theodoridis. Sample 369A-36.
Figs. 6,7,9. Eu-discoaster coalitus (Martini and Bramlette) n. comb. Sample 231-125.
Fig. 8. Eu-discoaster calyculus (Martini and Bramlette) n. comb.
Figs. 10—-12. Eu-discoaster mexicanus (Bukry) n. comb.
Fig. 10. Sample 231-117.
Figs. 11,12. Sample 231-121.
Figs. 13, 14. Eu-discoaster calcaris (Gartner) Theodoridis.
Fig. 13. Sample 231-124.
Fig. 14. Sample CP3131.
Figs. 15—-18. Eu-discoaster kugleri (Martini and Bramlette) Theodoridis.
Fig. 15. Sample 369A-6.
Fig. 16. Sample 369A-8.
Figs. 17, 18. Sample 369A-5.
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Plate 35
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Plate 36

LM micrographs. Figs. 1—7,9—17 parallel nicols. Fig. 8 crossed nicols, 1485 X,

Figs. 1-3. Eu-discoaster micros n. sp.
Figs. 1, 2. Holotype. Same specimen (fig. 1: high focus, fig. 2: low
focus), sample 369A-7.
Fig. 3. Sample 369A-7.
Figs. 4—10. Eu<discoaster giganteus n. sp.
Figs. 5, 6. Holotype, Same specimen (fig. 5: high focus, fig. 6: low fo-
cus), sample 231-110.
Fig. 4. Sample 231-117.
Fig. 7. Side view of a single segment, sample 231-117.
Fig. 8. Side view of a single segment, sample 231-113,
Figs. 9, 10. Same specimen (fig. 9: high focus, fig. 10: low focus), sample
231-113.
Figs. 11, 12. Eu-discoaster brouweri subsp. streptus n. subsp.
. Fig. 11. Holotype. Sample 231-27.
Fig. 12. Sample 231-90.
Fig. 13. Eu-discoaster brouweri subsp. brouweri. Sample 231-10.
Figs. 14,17. Eu-discoaster neorectus (Bukry) Theodoridis, Sample 231-92.
Figs. 15, 16. Eu-discoaster intercalaris (Bukry) n. comb. Sample 231-104.
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Figs. 1-18.

Figs. 19, 20.

Figs. 1-3.
Figs. 4—-7.

Figs. 8—18.

Figs. 19, 20.
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Plate 37

LM micrographs, parallel nicols, 1485 X.
SEM micrographs, 2500 X.
Eu-discoaster bellus (Bukry) Theodoridis Sample CP3133.

Eu-discoaster hamatus (Martini and Bramlette) Theodoridis.

Fig. 5. Sample CP3130.

Fig. 6. Sample 231-124,

Fig. 7. Sample 231-120.

Eu-discoaster quinqueramus (Gartner) Theodoridis.

Fig. 8. Sample 219-31, focus on the distal side.
Fig. 9. Sample 231-56, focus on the proximal side.
Fig. 10. Sample 231-32, focus on the distal side.
Fig. 11. Sample 231-30, focus on the distal side.
Fig. 12. Sample 219-10, focus on the distal side.
Fig. 13. Sample 219-22, focus on the proximal side.
Fig. 14. Sample SR39, focus on the distal side,

Fig. 15. Sample 231-30, focus on the proximal side.
Fig. 16, Sample SR40, focus on the proximal side.
Fig. 17. Sample SR32, focus on the distal side.

Fig. 18. Sample SR32, focus on the proximal side.
Eu-discaas‘ter misconceptus n. sp.

Fig. 19. Holotype, sample JT1935.

Fig. 20. Sample JT1935.
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INDEX

Species listed in alphabetical order

Sphenolithus abies 87
Helicosphaera acuta n. sp. 119
Ceratolithus acutus 82
Eu-discoaster altus 180
Helicosphaera ampliaperta 124
Amaurolithus amplificus 80
Reticulofenestra ampliumbilicus n. sp. 84
Hayella aperta n. sp. 82
E. asymmetricus morphotypes 180
Helio-discoaster barbadiensis 146
Sphenolithus belemnos 87
Eu-discoaster bellus 174
Helio-discoaster bifax 149
Helio-discoaster binodosus 150
Eu-discoaster bollii 165
Eu-discoaster cf. E. bollii 166
Helicosphaera bramlettei 108
Eu-discoaster brouweri 177
Eu-discoaster brouweri subsp. brouweri 177
Eu-discoaster brouweri subsp. streptus n. subsp. 178
Eu-discoaster calcaris 171
Eu-discoaster calyculus 174
Triquetrorhabdulus carinatus 88
Helicosphaera carteri 131
Helicosphaera carteri var. burkei 133
Helicosphaera carteri var. carteri 132
Helicosphaera carteri var. wallichii 133
Triquetrorhabdulus challengeri 89
Hayella challengeri 83
Helio-discoaster colletii 152
Eu-discoaster coalitus 173
Helicosphaera compacta 112
Minylitha convallis 84
Eu-discoaster decorus 161
Eu-discoaster deflandrei 156
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Amaurolithus delicatus
Helio-discoaster diastypus
Helicosphaera dinesenii
Eu-discoaster distinctus
Eu-discoaster druggii
Helio-discoaster elegans
Helicosphaera elongata n. sp.
Helicosphaera euphratis
Eu-discoaster exilis

Triquetrorhabdulus extensus n. sp.

Triqguetrorhabdulus finifer n. sp.
Reticulofenestra floridana
Syracosphaera ? fragilis n. sp.
Helicosphaera gartneri n. sp.
Helio-discoaster gemmeus
Helicosphaera gertae
Eu-discoaster giganteus n. sp.
Helicosphaera granulata
Eu-discoaster hamatus
Helicosphaera heezenii
Sphenolithus heteromorphus
Helicosphaera hyalina

Eu-discoaster intercalaris n. comb.

Helicosphaera intermedia
Helicosphaera inversa
Geminilithella jafari
Eu-discoaster kugleri
Helio-discoaster kuepperi
Helio-discoaster lenticularis
Calcidiscus leptoporus
Heljo-discoaster lodoensis
Eu-discoaster loeblichii
Helicosphaera lophota
Calcidiscus macintyrei
Triquetrorhabdulus martinii
Helio-discoaster mediosus
Helicosphaera mediterranea
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Eu-discoaster micros n. sp.
Triquetrorhabdulus milowii
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Helio-discoaster mirus

Eu-discoaster misconceptus n. sp.

Helio-discoaster mohleri

E. moorei morphoty pes
Sphenolithus moriformis
Helio-discoaster multiradiatus
Eu-discoaster musicus

E. neohamatus morphotypes
Eu-discoaster neorectus
Helio-discoaster nobilis
Helio-discoaster nodifer
Eu-discoaster nonaradiatus
Helicosphaera obliqua
Helicosphaera orientalis
Helicosphaera cf. H. orientalis
Helio-discoaster ornatus
Helicosphaera pacifica
Helio-discoaster pacificus
Helicosphaera paleocarteri n. sp.
Eu-discoaster pansus
Helicosphaera papillata
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Triquetrorhabdulus rugosus
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Helicosphaera seminulum

270

151
168
141
182

87
144
164
181
179
141
154
157
116
118
118
150
119
146
131
161
110
166
115
144

86

81

80
162
159
175
114
113

85

83

82

90
149
125
128
107



Eu-discoaster signus
Eu-discoaster cf. E. signus
Helio-discoaster splendidus
Helicosphaera stalis n. sp.

Helicosphaera stalis stalis n. subsp.
Helicosphaera stalis ovata n. subsp.

Helio-discoaster sublodoensis
Eu-discoaster subsurculus
Eu-discoaster surculus
Tetralithoides symeonidesii n. sp.
E. tamalis morphotypes
Helio-discoaster tanii
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E. triradiatus morphotypes
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Helicosphaera truempyi
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