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ABSTRACT

A detailed study of the ultrastructure of Paleocene-Middle Eocene calcare-
ous nannofossils has led to the recognition of evolutionary lineages com-
prising 16 genera and 110 species. The lineages have been established on the
basis of evidence from floras derived from closely sampled sections in Spain,
Israel, Denmark and Sweden.

Information about the ultrastructure of species, and the relations between
species, was gained by investigating selected specimens in the Scanning Elec-
tron Microscope, and by studying others with a polarization microscope
equipped with a gypsum plate. The latter microscope showed up the extinc-
tion- and colour patterns of the specimens. The principles and applicability
of the latter technique are discussed.

It is argued that statements about the evolution of calcareous nannoplank-
ton are necessarily speculative due to the nature of the fossil material and
the method of study.

Attention was given to the floras in the Cretaceous/Tertiary boundary in-
terval. In this paper it is proposed to define the lower boundary of the
lowest nannofossil zone of the Tertiary by the mass occurrence of Braarudo-
sphaera bigelowii and/or Thoracosphaera operculata. With a few possible
exceptions, efforts to detect the Cretaceous ancestors of Tertiary taxa were
fruitless.

The Standard Zonation for the Tertiary was applied for the biostratigraphic
subdivision of the investigated sequences. The established lineages added to
the refinement of this zonation, as most of the zonal markers belong to the
lineages.

Additional and, in some cases, new information is given about the ultra-
structure and optical behaviour of all taxa encountered. Several new des-
criptive terms are introduced and some new combinations are made. Nine
new species are described: Biscutum parvulum, Braarudosphaera alta, Cruci-
placolithus edwardsii, Cruciplacolithus latipons, Fasciculithus bitectus,
Fasciculithus magnicordis, Rhomboaster intermedia, Rhomboaster bitrifida
and Zygodiscus clausus.



Chapter I

INTRODUCTION

The term calcareous nannofossils is a collective name for fossils which are
smaller than about 30 u and which are composed of one or more calcite
elements. )

Most of these fossils are sub-elliptical or circular in distal and proximal
views, and are made up of one or more cycles of elements. These forms are
interpreted as coccoliths: composite calcareous platelets which are secreted
today by a certain group of predominantly marine, unicellular, biflagellate,
golden-brown algae (Haptophyceae).

In the Recent representatives of this group of algae, the coccoliths are
formed by calcification of organic scales, generated in the cisternae of the
Golgi-body. After mineralization, the coccoliths are extruded from this
body to the cell surface where together they form a coccosphere. The func-
tion of these coccoliths is still a subject of speculation; they have been inter-
preted as by-products of photosynthesis, as lenses, as buoyancy devices or as
protective covers.

At present the continuous record of coccoliths ranges from the Lower
Jurassic up to the Recent.

Within the size-range of coccoliths and coccospheres, and associated with
these, are found calcareous bodies of variable size and shape (rosettes, cubes,
spheres, vases) which are probably also of organic origin. Recent organisms
forming these kinds of structures are not known, but their organic origin is
indicated not only by their construction but also by their limited strati-
graphic distribution.

Purpose of the investigation

The aim of the present study is to search for changes within, and relation-
ships between, calcareous nanofossil species. Such a study is likely to yield
information which will be primarily of interest to biostratigraphers. Most of
the existing nannofossil zonations are based on the entries and exits of a cer-
tain number of rather arbitrarily chosen species with unknown ancestor-
descendant relationships. A better understanding of relationships adds to the
recognizability of the zones.

The investigation was focused on the Lower Paleogene for various reasons:
(1) The fossils from this interval are generally somewhat larger than those



from the Mesozoic or the higher Cenozoic and thus easier to study in the
L.M.*, (2) a large part of the floras is well illustrated in the literature with
LM., SSEM.* and T.EMM.* photographs, and (3) the chance of detecting
lineages is relatively high, as in the Lower Paleogene a completely new flora
came into existence after the extinctions at the end of the Cretaceous.

Previous investigations

Although the need for the detection of evolutionary lineages has been
emphasized by several authors and preliminary assumptions have been given
in the literature, there is still only a limited number of papers dealing with
this subject for the Lower Paleogene.

The first quantitative investigation of an evolutionary trend was made by
Moshkovitz (1967) in a short study of the number of rays in Discoaster
multiradiatus in two samples from the Negev Desert. This trend is worked
out in the present study.

Evolutionary lineages within a genus were first published by Gartner
(1970). His publication on the genus Chiasmolithus is the first in the nanno-
fossil literature to be based on a thorough study of the ultrastructure of the
fossils. In the present paper most of Gartner’s ideas are corroborated, al-
though a different opinion is expressed about the origin of the genus.

Hekel (1968) elaborated the relationship between the genera Rhom-
boaster and Marthasterites, which had already been indicated by Stradner
and Papp (1961). It appears that several more taxa can be placed in this
lineage.

The origin of, and the lineages in, the genus Discoaster formed the subject
of a study by Prins (1971). In the opinion of the present author Discoaster
is a “biphyletic”” genus and, as a consequence, the lineages presented here
differ from Prins’ suggestions.

Haq (1973b) described evolutionary lineages in the genus Helicoponto-
sphaera. Only the early part of these lineages falls within the studied interval;
information will be given about the origin of the genus.

Methods

The assemblages have been examined with the aid of both the L.M. and
the S.E.M. As the gathering of observations with the S.E.M. is extremely
time-consuming and as much of the material showed a variable degree of
calcite overgrowth, most of the information presented is based on the in-

* = Light Microscope, Scanning Electron Microscope, Transmission Electron Microscope.



vestigations with the L.M.

We used a Leitz Orthoplan microscope, with polarization equipment, a
gypsum plate and a revolving object table with a graduated scale. The oculars
were provided with a micrometer and cross-hairs, parallel to the polarization
directions. The specimens were viewed with a magnification of 1250 X.

S.E.M.studies were carried out with a Cambridge Mark II microscope at a
high tension of 30 Kilovolts. The specimens were coated with gold in a Po-
laron Sputter apparatus for four minutes at a high tension of 2 Kilovolts.

Preparation of the samples

For investigations in the L.M. a standard quantity of each sediment
sample (about 1 ¢cm®) was allowed to disintegrate in distilled water for 24
hours. Smear slides were prepared from the resulting suspension. The nanno-
fossil fraction was not concentrated, since this might distort the composition
of the assemblages. Canada balsam was used as the embedding medium for
the fixed mounts. For special studies (side views) mobile mounts were
prepared, Castor oil being used as the viscous fluid.

For the examination of selected nannofossil species in the S.E.M., the re-
quired size-fraction was concentrated by means of the settling method. We
tried to clean the fossil material using various techniques (repeated cen-
trifugation, ultrasonic treatment, adding of H,0, ) but had little success.

Although laborious, the method described by Moshkovitz (1974) and
Hansen et al. (1975) and used to study the same object in the L.M. and the
S.E.M. proved to be very useful. Instead of alcohol, M.I.B.K. was used as the
volatile medium in the L.M. because it evaporates less quickly.

L.M. Investigation Technique

For routine studies of nannofossil assemblages and specimens (especially
for secondarily overgrown ones) the L.M. is, and will remain the most ob-
vious instrument. In the present study we made extensive use of cross-
polarized light and the gypsum plate to obtain a maximum amount of infor-
mation.

a. Information gained in cross-polarized light

Coccoliths (and supposedly related calcareous nannofossils) are composed
of one or more modified calcite thombohedrons which may be arranged in
superposed cycles.

Calcite is a uni-axial, negative mineral (fig. 1a). When a crystal thinner
than 10 g, such as is found in nannofossils, is placed between crossed nicols
it will show interference-colours if the optical axis makes an angle with the



vibration directions of the nicols (fig. 1b). The crystal becomes dark when
the optical axis coincides with the microscopical axis or when the optical
axis is parallel to the vibration direction of one of the polarizers (fig. 1c).

In calcareous nannofossils the optical behaviour is the result of the thick-
ness and the orientation of the elements and of the number of superposed
elements. In most nannofossils that are placed between crossed nicols the
areas showing interference-colours are larger than those showing extinction.
The latter zones are called extinction lines, and together these lines form a
cross-like pattern (in distal and proximal view). In coccoliths the extinction
lines can be observed best in the central area, the wall and the proximal
shield.

The shape of the extinction lines, the angles formed by them, and the
angles between the lines and the polarization directions are variable. Three

OPTICAL AXIS

1a
)
A A
1]
nb"/‘/
b. c
P P
Fig. 1 a. Indicatrix of a uni-axial, negative mineral; n , ordinary ray; n. extraordinary ray.

b. The refractive indices of the crystal make an angle with the nicols; the crystal shows
interference (A: analyzer, P, polarizer, n,: smaller refractive index; n,: larger refractive
index).

c. The refractive indices of the crystal are parallel to the nicols; the crystal shows extinc-
tion.

10



general types of extinction crosses can be discerned in the assemblages from
the Lower Paleogene:

Type I. The extinction crosses are composed of straight lines; the lines
are parallel to the polarization directions (fig. 2a) (Fasciculithaceae, Spheno-
lithaceae).

| |
@ —b@ —c —d

Fig. 2 Types of extinction crosses (all distal views):
a. Straight lines, parallel to the polarizers.
b. Straight lines making an angle of about 20° in clockwise direction with the polarizers,

and curved only marginally (laevogyre).
¢. d. Curved lines; c: laevogyre, d: dextrogyre.

e e

b. C.

a.

[y [y v

Fig. 3 Method to determine the angle between the extinction lines and the polarization directions
(X, Y: cross-hairs, parallel to the polarizers; distal view).
a. Find object in the vicinity of the nannofossil,
b. Rotate clockwise until the object is in line with one of the cross-hairs; read scale (a),
c. Rotate further, until the object is in line with the (straight) part of an extinction line;
read scale (b); a minus b gives the desired angle.

Type II. The extinction crosses are composed of lines which are straight
over most of their length and curved only near the margin. The lines are nor-
mal to each other, but the straight parts make an angle with the polarization
directions (fig. 2b) (Discoasteraceae, Heliolithaceae). This angle is measured
clockwise in distal view (fig. 3).

Type III. The extinction crosses are composed of curved lines which are
not normal to each other. The lines are called laevogyre if they bend to the
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left (Coccolithaceae), dextrogyre if they bend in the opposite direction
(Noélaerhabdaceae, Zygodiscaceae, Pontosphaeraceae, Biscutaceae, Ellips-
agelosphaeraceae, both in distal view (figs. 2c, d, respectively).

Each irregularity in the extinction lines is indicative of a change in the
orientation of the elements, which permits the distinction of very narrow
cycles of elements. Once the extinction pattern of a species is established,
very small or heavily calcified specimens can readily be recognized and it is
easy to decide which side of a specimen is lying upwards. The latter is of
importance in the measurement of angles.

When the centre of a nannofossil is examined in side view under the mi-
croscope, the different cycles can be distinguished better in cfoss-polarized
light than in normal light, as some cycles will show interference-colours
while others are dark. The light penetration is reversed when the table is
rotated over 90°.

In the course of the investigation it appeared that the extinction patterns
are constant at the species and genus level, and in some cases even at the
family level. The patterns thus are a helpful tool for determination and
classification.

b. Information gained in cross-polarized light with a gypsum plate inserted in
the light-beam
Depending on the orientation of the calcite crystal with regard to the
microscope axis, the interference-colour becomes higher or lower after the

m Blue
Yellow

a. N b. N o

ny ny

Fig. 4 Behaviour of a crystal thinner than 10 u between crossed polarizers and with a gypsum plate
(1 A) inserted in the light-beam.
a. The colours are “added”, the crystal becomes blue.
b. The colours are “substracted”, the crystal becomes yellow.

12



insertion in the light-beam of the gypsum plate (first order red) at an angle
of 45° with the polarization directions.

A crystal (thinner than 10 u) becomes blue when the smaller refractive
index of the gypsum plate (n,) is parallel to the smaller refractive index
(ng') of the crystal (“the colours are added”, fig. 4a). The crystal becomes
yellow when the corresponding indices are at an angle of 90° (“the colours
are substracted”, fig. 4b).

When the gypsum plate is inserted, nannofossils show sectors, limited by
extinction lines; these sectors are alternately blue and yellow (second order
yellow, third order blue, Carl Zeiss colour table after M. Lévy). The colours
are helpful for observing the configuration of the extinction lines, especially
in very small forms or in forms with vague extinction lines.

One can determine at a glance which side of a specimen is lying upwards
(fig. 5a).

The colour distribution permits the distinction of even the narrowest
cycle of elements in distal, proximal or in side view. Structures which belong
to the same unit will display the same colour (fig. 5b). In the course of
the investigation it was found that homologous structures have the same
colour (in side view) in different species or genera; this observation made it
possible to “follow” structures and their transformation in time (fig. 5¢).

The species concept

Species of calcareous nannofossils are defined typologically. As a conse-
quence of this species concept two morphologically different, fossil coc-
coliths will be assigned to two species. Morphologically distinct specimens
may, however, well have belonged to a single coccosphere, as it is known
that Recent coccospheres may bear several types of coccoliths and that the
types of coccoliths may change considerably in successive phases of the life
cycle of a species (Parke and Adams, 1960). In addition, morphological
differences in coccoliths of Recent species may be the result of differences
in temperature (Watabe and Wilbur, 1966). Thus, a fossil species and a living
species are different entities.

Frequencies of species

On the range charts for the various sections, the frequencies of the species
are indicated by subjective notations. A more precise quantitative approach
was considered to be beyond the scope of the study. It appeared that species
important for the establishing of lineages are often rare. They would fall out-
side the fixed-number counts, especially in the highly diverse floras of the

13
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Upper Paleocene and Lower Eocene.

The following relative frequency categories are discerned: (a) Rare: one or
two specimens per hundred fields, (b) Few: 1 specimen per ten fields, (c)
Common: about one specimen in every field, (d) Abundant: tens of speci-
mens per field.
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Fig. 5 Information gained with the aid of a gypsum plate is cross-polarized light.

a. Distal and proximal view of a coccolith, showing the different colour distribution in the
wall and the proximal shield in these views.

b. In the left species, the cross-bars and the wall show opposite colours, while the colours in
the distal shield are mixed; this indicates the presence of at least.three, ultrastructurally
different components. ’

In the right species, the wall and the flange show the same colours, indicating the pre-
sence of a single, continuous structure.

c¢. Lineage in the genus Ericsonia, showing that the colours of the separate structural units
are constant, while their position is changing.
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Chapter II

EVOLUTION IN CALCAREOUS NANNOFOSSILS

At first sight calcareous nannofossils appear to be eminently suitable for
evolutionary studies: we can deal with huge “populations” of, often well
preserved fossils, from stratigraphically closely spaced samples over wide-
spread areas. Several authors have in fact used the term evolution in connec-
tion with calcareous nannofossils (Gartner, 1970; Bukry,1971a; Prins, 1971).
In the papers of these authors, however, little or no attention is given to
concepts and methods in evolutionary studies or to whether sequences of
calcareous nannofossils really reflect evolution. We think that such matters
should be discussed if we are to delimit the framework within which our
statements in Chapter V should be read.

Evolution

One could define the evolution of organisms as the modification through
time of genes and gene frequencies. In paleontology we can study only the
morphology of fossils, which means the phenotypic expression of the geno-
type and the modifications enacted by the environment. In evolutionary
studies of paleontology we deal with morphology and the morphological
transformations that occur in the course of time.

Calcareous nannofossil species

In most groups of fossils a species consists of remains of complete indivi-
duals (e.g. Gastropods, Foraminifera). In the case of calcareous nannofossil
species we find ourselves in a different situation. As the coccospheres of
most species are unknown, a nannofossil species consists of similar isolated
anatomical parts of individuals. When we find a fossil coccolith, we know
nothing of the actual individual coccosphere; we do not know its size, its
shape, or the number of coccoliths in the sphere. We cannot even be sure
that different coccoliths belonged to different individuals or to different
biospecies.

Calcareous nannofossil assemblages

Thanatocoenoses give an imperfect, distorted image of the biocoenoses.
First of all it is known from studies of Recent coccospheres that the number
of fossilizable species is considerably lower than the number of living species
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(Honjo and Okada, 1974). This is due to the low degree of mineralization
of the organic scales in many species. Furthermore it is known that the
coccoliths of fossilizable species may be strongly affected by dissolution and
calcification during and after sedimentation (Adelseck et al., 1973; Roth and
Berger, 1975).

One should be very careful in drawing conclusions from the relative fre-
quencies of coccolith species in death assemblages. When, for instance, coc-
coliths of species A are more frequent in an assemblage than coccoliths of
species B, several interpretations are possible: (a) the number of coccos-
pheres of species A was higher than that of species B, (b) the species had
roughly the same frequencies, but the spheres of species A were composed of
more coccoliths than those of species B, (c¢) whatever the original frequen-
cies, the coccoliths of species B were more susceptible to dissolution owing
to their construction.

Evolution of calcareous nannoplankton

Although the facts mentioned in the foregoing paragraphs do not affect
the use that can be made of calcareous nannofossils in biostratigraphic sub-
divisions, they do have a distinct bearing on statements on phylogeny. It is
emphasized that in a strict sense we cannot speak of the evolution of cal-
careous nannoplankton; populations evolved, not anatomical parts of indivi-
duals. Thus, any statement about the phylogeny of calcareous nannoplank-
ton can be based only on a supposed evolution, because of the nature of our
fossils.

The establishment of ancestor-descendant relationships in calcareous nan-
nofossils appears to give rise to ‘“cladistic” patterns: new species do not
replace the ancestor, but they range upwards side by side at least for some
time.

Speciation

Recent populations of calcareous nannoplankton species consist of in-
numerable individuals, and they are spread over a large part of the oceanic
realm. It is hard to imagine how repeated “cladogenesis” can take place in
such assumedly large interbreeding (?) populations.

Polyploidy is a possible explanation, but as long as this phenomenon has
not been observed in living coccospheres it is hardly acceptable.

Some sort of isolation is always involved in models for speciation (El-
dredge and Gould, 1972, 1977; Sylvester-Bradley, 1977). In which way(s)
can nannoplankton populations become isolated?

First of all it should be noted that the life cycles of Recent calcareous
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nannoplankton species are still poorly understood; both sexual and asexual
reproduction have been observed, but little is known about the periodicity
in the alternation of sexual and asexual generations (Klaveness, 1972). It
might well be that we are not dealing with large interbreeding populations,
but with large clones, reproducing asexually for many generations, which,
after a longer period find themselves sexually isolated from each other.

An example of isolation through land barriers was recently postulated
by Gartner and Keany (1978). These authors proposed that “Danian” coc-
colithophores developed during the Late Maastrichtian in an isolated Arctic
Ocean, It seems unlikely, however, that earlier and later diversifications are
the result of repeated isolations of this geographical type.

Speciation through geographical isolation, i.e. isolation in a remote area,
and subsequent migration might explain the sudden appearance of many
species in the stratigraphical record. “Cladistic” speciation following a period
of isolation, however, cannot account for the relatively frequent co-occur-
rence of ancestral species, descendant species and transitional forms.

In our opinion ecological separation is a more likely type of isolation.
From in vitro studies of cells (Outka and Williams, 1971) it is known that
reproduction, coccolith formation and coccolith shape are highly influenced
by temperature, salinity, light intensity and nutrients. It is conceivable that
(shifts in) barriers created by these factors resulted in laterally, as well as
vertically isolated populations. Isolation and subsequent speciation at differ-
ent depths in the photic zone might serve as an explanation for the co-occur-
rence, in assemblages, of ancestral and descendant species, and transitional
forms.

The words cladogenesis and cladistic are placed between quotation marks
as we are well aware that these terms apply to populations of individuals, not
to parts of individuals.

Trends and morphoclines

The words trend and morphocline occur frequently in the literature on
evolution and are used in a variety of ways. In the present paper the term
trend is used with the meaning of tendency; i.e. morphological change in a
particular direction. The term morphocline is used with the meaning of a
morphological gradient linked to a certain lapse of time. The term applies to
gradients within a species as well as to gradients in a line of descent in which
more than one species is involved. Thus we speak of a trend towards larger
size in the morphocline of a species, and of a trend towards larger size in a
morphocline formed by successive morphologically stable species in a line of
descent.
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Chapter III

PROVENANCE OF THE MATERIAL; BIOSTRATIGRAPHY

Theoretically the study of evolution of any group of fossils should be
based on closely spaced samples from many continuous, and lithologically
uniform sequences in different parts of the world. If such a study concerns
calcareous nannofossils, two more requirements must be fulfilled: (a) the
sediment should disintegrate in water, and (b) the degree of solution or of
calcite overgrowth of the fossils should not vary beyond certain narrow
limits.

In practice such stratigraphic sequences are hard to find, especially if only
land sections are taken into consideration.

Three longer sections that fulfil at least some of the above requirements
have been investigated. They are located in S.E. Spain (sections Caravaca and
Aspe) and Israel (section Nahal Avdat). Several shorter sections covering the
Lower Paleocene in Denmark and Sweden were also taken into account so
that the floras from Boreal regions could be compared with those from the
Tethys realm.

S.E. SPAIN

Section Caravaca

Location and geological setting

The investigated sequence is to be found in the Barranco del Gredero, four
kilometres South of the town of Caravaca. The sediments are exposed in the
walls of this barranco (steep-sided gully), which runs almost parallel to the
road from Lorca to Caravaca (fig. 6).

Structurally the sequence is located in the Subbetic Zone of the Betic Cor-
dilleras, which is the Alpine mountain chain extending in a WSW-ENE direc-
tion from Cadiz to the area South of Valencia. The Subbetic Zone comprises
folded and overthrust, neritic and pelagic sediments of Triassic to Late Ter-
tiary age.

The deposits exposed in the Barranco del Gredero form part of a relatively
undisturbed sequence which Paquet (1962) called the Loma de Solana Unit.
Van Veen (1969) placed these deposits in his Jorquera Formation, which
consists of a 225 m thick succession of light-coloured calcilutites and marls,
with intercalated calcarenites (probably the result of mass-transport).
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Lithostratigraphy

Van Veen divided the formation into four “somewhat artificial”” members,
Ja—Ja; for the present study only the uppermost part of member J,, and
members J_ and J, are of importance (fig. 7).

We started our sampling at the Cretaceous/Tertiary boundary, which is
known to be situated at the base of a 20 cm thick, dark-green clay in the
upper part of the J, member (Smit, 1977; Romein, 1977). The ovetlying
part of this member (25 m) consists predominantly of greenish marls.

The J, member (90 m), composed of olive-green marls, contains a 5 m
thick interval of alternating red to yellow marls and hard calcilutites (faciés
Couches Rouges).

The J; member (65 m) is formed by light olive-green marls alternating
with medium- to thick-bedded, slightly arenaceous calcarenites.

Sampling was stopped in the uppermost part of the J; member because
the overlying strata (belonging to Van Veen’s Gredero Formation) are poorly
exposed and are tectonically disturbed.

Biostratigraphy (fig. 8) ,

The upper part of the J, member comprises the Biantholithus sparsus
Zone, the Cruciplacolithus primus Zone, and most of the Prinsius dimor-
phosus Zone.

The J, member corresponds to the uppermost part of the Prinsius dimor-
phosus Zone, the Cruciplacolithus tenuis Zone, the Ellipsolithus macellus
Zone, the Fasciculithus tympaniformis Zone, the Heliolithus kleinpellii Zone,
the Discoaster mohleri Zone and the lower part of the Discoaster multi-
radiatus Zone. The faciés Couches Rouges falls completely within the Ellip-
solithus macellus Zone.

The J; member encompasses the upper part of the Discoaster multira-
diatus Zone, the Tribrachiatus contortus Zone, the Discoaster binodosus
Zone and the Tribrachiatus orthostylus Zone.

Remarks

All samples, except those from the lower part of the J; member (= upper
part of the Discoaster multiradiatus Zone and the lower part of the Tri-
brachiatus contortus Zone), contained rich nannofossil floras. Most speci-
mens showed a moderate calcite overgrowth.

The flora of sample SP 560, collected just below the Cretaceous/Tertiary
boundary, indicated the presence of the Micula murus Zone of Late Maastrich-
tian Age (Romein 1977). Nephrolithus frequens was not present in the
assemblage.

Tribrachiatus contortus did not occur in the Lower Eocene floras from
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this sequence; the boundary between the T. contortus Zone and the Dis-
coaster binodosus Zone has been arbitrarily drawn between the appearance
of T. orthostylus and the entry of Discoaster barbadiensis (based on evidence
from the Nahal Avdat section, Israel).

Previous investigations

Papers dealing with the geological setting and the planktonic and (smaller
and larger) benthonic foraminifera of this sequence have been presented by
Fallot et al. (1958), Durand Delga and Magné (1959), Paquet (1962, 1967),
Van Veen (1969), Von Hillebrandt (1974, 1976) and Abtahi (1975). A
detailed account of the Cretaceous/Tertiary boundary interval was given by
Smit (1977, foraminifera) and Romein (1977, nannofossils).

Section Aspe

Location and geological setting

Upper Cretaceous and Paleogene, Subbetic rocks are exposed in the hills
South of Aspe in an area delimited by the roads leading from Aspe to Cre-
villente and from Aspe to Elche. The section lies SW of the Km. 3 marker-
stone of the latter road (fig. 9).

z

ASPE

XKM1

XKM 9

X KM 3

Fig. 9 Sketch map showing the location of the Aspe section (after Von Hillebrandt, 1974), For
legend, see Fig. 6.
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Lithostratigraphy

The succession of Cretaceous to Oligocene sediments was subdivided by
Von Hillebrandt (1974) into six lithological units. Only the sediments of
units 4 and 5 are taken into consideration (fig. 10), as the units 1 to 3, con-
sisting of rocks of Late Maastrichtian to Late Paleocene age, contain several

hiatuses.
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Unit 4 (62.5 m) is composed of marls, sandstones and limestones. Brownish
to olive-green marls occur in the lower part. The upper part of the unit is
composed of an alternation of thin- to thick-bedded, fine grained sandstones,
marls and limestones. Many beds contain larger benthonic foraminifera.

Unit 5 (about 60 m) is composed mainly of greenish to brownish marls.
The unit was subdivided by Von Hillebrandt into a lower and an upper part,
separated by an 85 cm thick, bioclastic limestone. Only the lower part of the
unit was sampled for the present study.

Biostratigraphy (fig. 11)

Unit 4 contains the Tribrachiatus orthostylus Zone, the Discoaster lodoen-
sis Zone and most of the Discoaster sublodoensis Zone.

The lower part of unit 5 corresponds to the upper part of the Discoaster
sublodoensis Zone and at least the lower part of the Nannotetrina fulgens
Zone.

The presence of “Cyclolithella” pactilis, Neococcolithes dubius and
Helicosphaera seminulum in the lowermost sample of the section in the Tri-
brachiatus orthostylus Zone, indicates that there is a small gap between the
sections Caravaca and Aspe.

Remarks

The floras from this sequence are well diversified, but most specimens
showed an inconveniently high degree of secondary calcification.

An examination of the assemblages from units 2 and 3 indicated the pre-
sence of the Micula murus Zone, the Cruciplacolithus tenuis Zone and the
Discoaster multiradiatus Zone, pointing to several gaps in the Lower and
Middle Paleocene and immediately below unit 4.

Previous investigations
The planktonic and larger benthonic foraminifera of this section were
investigated by Von Hillebrandt (1974).

ISRAEL

Section Nahal Avdat

Location and geological setting

The investigated sequence is exposed in the canyon formed by the Nahal
Avdat, some 3 km South of the Kibbutz of Sde Boquer in the Northern
Negev, Israel (fig. 12). The canyon cuts about 2 km into the Avdat Plateau
in a NNE-SSW direction. This plateau is part of the slightly NNW-dipping
flank of the so-called Ramon anticline. This area in the Northern part of
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the Central Negev Mountain Area is characterized by several large anti-
clinal and synclinal structures separated from each other by strike-slip faults;
it forms part of a belt of folds, striking E-W to NE-SW, and high-angle reverse
faults, collectively known as the Syrian Arc.

Lithostratigraphy

The marls, clays and chalks exposed in the Avdat Canyon and surrounding
areas are well known in the literature; the sequence (fig. 13) has been as-
signed to the following units in stratigraphic order: the Tagiye Formation
(Shaw, 1947), the Mor Formation (Bentor and Vroman, 1964) and the
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Nizzana Formation (Bentor and Vroman, 1964). The Taqiye Formation
forms the upper part of the Mount Scopus Group (Flexer, 1968, emend.
Bartov et al., 1972), while the latter two formations constitute the lower
part of the Avdat Group (Braun, 1967). The Tagiye and Mor Formations as
defined in Israel are widespread and extend into the adjacent countries
where they have other, local names (see Arkin et al., 1972).

The Taqiye Formation (about 100 m) consists of a monotonous succes-
sion of bluish to green-grey marls and clays rich in gypsum veins and (oxidiz-
ed) pyrite concretions. In the Northern Negev the formation has been sub-
divided into the Lower Marl Member and the Hafir Member (Bentor and
Vroman, 1964; Arkin et al., 1972). The Hafir Member has, in turn, been
subdivided into a chalk-with-flint unit and an overlying marl unit (Arkin et
al., 1972). In the Nahal Avdat the lower, cliff-forming chalk has a thickness
of 5 m, but elsewhere it is totally absent, so the formation consists entirely
of marls.

In the Nahal Avdat the Taqgiye Formation is conformably overlain by the
Mor Formation (27.5 m), which is composed of thin- to thick-bedded yello-
wish-brown chalk and intercalated layers of silicified chalk with flint con-
cretions parallel to the bedding planes. These concretions are concentrated in
the lower part of the formation. Bituminous horizons, up to 10 c¢m thick,
are found in the middle and upper parts of the Mor Formation.

The youngest formation exposed in the Nahal Avdat is the Nizzana For-
mation, which conformably overlies the Mor Formation. This formation is
composed of thin- to thick-bedded yellowish to brownish chalks and lime-
stones with flint concretions. In the lower part of the formation the bedding-
planes are flat and parallel, but in the middle and upper parts there are beds
the upper surface of which is convex upwards and others which wedge out
laterally. Locally, the chalks and limestones are extremely rich in larger
benthonic foraminifera (Nummulites, Discocyclina, Asterocyclina). The base
of the formation has been placed at the lowest mass-occurrence of these
foraminifera, The boundary with the overlying Horsha Formation (Bentor
and Vroman, 1964) is not exposed in the Nahal Avdat. The exposed part of
the Nizzana Formation has a thickness of 105 m.

Biostratigraphy (fig. 14)

We started our sampling at the base of the Taqiye Formation, just above
the thick chalk bed (3.5 m) which forms the top of the underlying Ghareb
Formation (Shaw, 1947). The lowermost three samples (IR 51—53) contain-
ed a flora, typical for the Upper Maastrichtian Nephrolithus frequens Zone.
The next higher sample (IR 54), taken from a level 150 cm above the base
of the formation, contained a flora indicative of the Lower Paleocene Bian-
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tholithus sparsus Zone. The Cretaceous/Tertiary boundary thus lies well
above the base of the formation; lithologically the boundary corresponds to
no more than a slight change in the colour of the marls.

The overlying part of the Lower Marl Member corresponds to the Bian-
tholithus sparsus Zone, the Cruciplacolithus primus Zone, the Prinsius dimor-
phosus Zone, the Cruciplacolithus tenuis Zone, the Ellipsolithus macellus
Zone, the Fasciculithus tympanifornis Zone and the Heliolithus kleinpellii
Zone. The base of the Hafir Member lies in the lower part of the Discoaster
mohleri Zone, and the chalk-with-flint unit of this member falls completely
within this zone. The marl unit of the Hafir Member corresponds to the top
part of the Discoaster mohleri Zone, the Discoaster multiradiatus Zone, the
Tribrachiatus contortus Zone and the lower part of the Discoaster binodosus
Zone. The Paleocene/Eocene boundary lies in the marl unit of the Hafir
Member, 7.5 m below the base of the Mor Formation.

The Mor Formation yields the larger part of the Discoaster binodosus Zone
and most of the Tribrachiatus orthostylus Zone.

The Nizzana Formation, on top, corresponds to the uppermost part of the
Tribrachiatus orthostylus Zone, the Discoaster lodoensis Zone and at least
the lower part of the Discoaster sublodoensis Zone.

Remarks

The samples from the Nahal Avdat contained well-diversified nannofossil
associations. The nannofloras from the Nizzana Formation showed a con-
siderable overgrowth. The associations from the Nahal Avdat differ from the
succession of associations found in the Caravaca section by (a) the near-ab-
sence of Braarudosphaera bigelowii, especially in the Cretaceous/Tertiary
boundary interval, (b) the presence of Nephrolithus frequens in this interval,
and (c) the presence of Tribrachiatus contortus.

Previous and current investigations

The planktonic foraminifera of the Taqiye Formation have been studied
by Hamaoui and Reiss (1963). Moshkovitz (1967) published the details of
the calcareous nannofossil assemblages in two samples from the Hafir Mem-
ber. Reports dealing with the regional distribution and depositional history
of the Nizzana Formation and overlying formations, and with the planktonic
and larger benthonic foraminifera of these formations will be given by C.
Benjamini (in press) and W. J. J. Fermont (in preparation).
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DENMARK AND SWEDEN

Location and geological setting

Limestones, marls and greensands were deposited during the Early Paleo-
cene in the part of the North Sea basin known in the literature as the
Danish-Scandian depression. Today these sediments occur in a syncline
trending roughly NW-SE over Jutland, Sealand and the most Southwesterly
part of Sweden, below a thin Pleistocene cover.
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Fig. 15  Sampling stations in Denmark and Sweden and distribution of Danian and Paleocene forma-
tions below the Pleistocene (after Sorgenfrei, 1957). )
1. Stevns Klint, 2, Boesdal, 3. Fakse, 4. Lellinge Creek, 5. Klintholm, 6. Kerteminde, 7.
Bredstrup Klint, 8. Dania, 9. Bulbjerg, 10. Kj¢lby Gaard, 11. Limhamn.
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Stage names introduced for these sediments are Danian (introduced by
Desor in 1846 for the limestones exposed at Fakse and Stevns Klint) and
Selandian (proposed by Rosenkrantz in 1924 for the Paleocene deposits
above the Danian limestone and below the formation of volcanic tuff beds).
For the litho- and biostratigraphy of these stages the reader is referred to
Brotzen (1948, 1959), Berggren (1962, 1969) and Malmgren (1974).

Good exposures of the Danian and Selandian are rather scarce. Several of
these exposures were visited and sampled during the XV-th European Micro-
paleontological Colloquium in Denmark (1977). The localities are indicated
in figure 15; for extensive descriptions of these localities the reader is refer-
red to the guide-books issued in connection with the XXI International Geo-
logical Congress (1960), and Hofker (1966).

Stevns Klint (fig. 16)

At this classical locality, samples were taken from the uppermost Maastrich-
tian Chalk, the Fish-Clay, the Cerithium-Limestone and the lower part of the
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Fig. 16  Lithology, distribution of species and biozonation of the middle part of the section at
Stevns Klint near Hgjerup. For legend of this figure and the figures 1725, see Fig. 7.
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Bryozoan Limestone. Sample DN34, collected just below the Fish-Clay is
placed in the Upper Maastrichtian Nephrolithus frequens Zone. The assem-
blage from the Fish-Clay (DN35) differs from the preceding one in that it
contains Biscutum castrorum, and has a higher frequency of Thoracos-
phaera operculata. This sample, and the next higher one (DN36) from the
base of the Cerithium-Limestone are assigned to the Biantholithus sparsus
Zone, although B. sparsus does not occur in the assemblages.

Sample DN 37 from the base of the Bryozoan Limestone, and sample
DN38 taken 2 m above this base, are placed in the Cruciplacolithus primus
Zone, because of the presence of Placozygus sigmoides; the zonal marker was
not found. The highest sample (DN39), taken about 7 m above the base of
the Bryozoan Limestone, contains Cruciplacolithus edwardsii, which justifies
its assignment to the Cruciplacolithus primus Zone.

Dania (fig. 17)

In the quarry of the Dania Cement Works the Maastrichtian Chalk is
superposed by approximately 10 m of Danian Bryozoan Limestone. The
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Fig. 17  Section in the quarry of the Dania Cement Works; lithology, distribution of species and bio-
zonation.
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Cretaceous/Tertiary boundary is generally placed at the base of a 40 cm
marl layer. The samples DN40 and DN41 from the top of the Chalk, and
sample DN42 from the base of the marl contain floras that are typical of
the Upper Maastrichtian Nephrolithus frequens Zone.

There is a marked increase in the frequency of Thoracospheara operculata
in sample DN43, collected 20 cm above the base of the marl. This sample,
and the next two higher ones (DN44, DN45) from the Bryozoan Limestone
are assigned to the Biantholithus sparsus Zone; B. sparsus occurs only in the
latter two samples.

The uppermost two samples (DN46, DN47) are placed in the Cruciplaco-
lithus primus Zone because of the presence of the zonal marker in associa-
tion with Placozygus sigmoides.

Kj¢lby Gaard (fig. 18)

In the section at Kjglby Gaard the chalk facies persists well into the
Danian. The Danian sequence starts with a 20 cm conglomeratic marl layer.
Sample DN48, collected just below this layer, yields a flora typical of the
Nephrolithus frequens Zone. Sample DN49 from the marl contains B. spar-
sus. This sample and samples DN50 and DN51 from the base of the overlying
chalk are rich in Thoracosphaera operculata; they are placed in the Bian-
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tholithus sparsus Zone. Sample DN52, collected about 4 m above the marl
layer contains Placozygus sigmoides and is therefore assigned to the Cruci-
placolithus primus Zone.

Bulbjerg (fig. 19)

Danian Bryozoan Limestone is exposed in the coastal cliffs at Bulbjerg.
The lowermost sample from this sequence (DN53) is rich in Thoracosphaera
operculata, while Placozygus sigmoides and Cruciplacolithus primus are ab-
sent. The sample is assigned to the Biantholithus sparsus Zone.

All higher samples (DN54-DN59) are assigned to the-Cruciplacolithus
primus Zone, because of the presence of Placozygus sigmoides in all samples
and the occurrence of Cruciplacolithus edwardsii in the uppermost sample.
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Fig. 19  Lithology, distribution of species and biozonation of the section at Bulbjerg.

Boesdal (fig. 20)

About 20 m of Bryozoan Limestone are exposed in a quarry near Boesdal
in the vicinity of Stevns Klint. All samples (DN60—DN66) contain Placozy-
gus sigmoides and are assigned to the Cruciplacolithus primus Zone, al-
though the name-giving species was not found.
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Fakse (fig. 21)

In the large quarry of Fakse only the upper part of the exposed Bryozoan
Limestone could be sampled. The elements of wackestones and Bryozoan
packstones in this upper part are supposed to have undergone only limited
transport. All samples (DN67—-DN71) contain Prinsius dimorphosus, Cruci-
placolithus tenuis and Chiasmolithus danicus, which justifies the assign-
ment of these samples to the Cruciplacolithus tenuis Zone.

Bredstrup Klint (fig. 22)

All samples from the Bryozoan Limestone of this locality (DN72--DN77)
contain Cruciplacolithus tenuis, Chiasmolithus danicus and Prinsius dimor-
phosus, indicative of the Cruciplacolithus tenuis Zone.

Klintholm (fig. 23)

In the quarry at Klintholm the eroded top of the Danian Bryozoan Lime-
stone is overlain by the Selandian Kerteminde Marl. The samples from both
the limestone and the marl (DN78—DN80) contain Prinsius martinii, while
Chiasmolithus bidens is absent. The samples can be assigned to the upper
part of the Cruciplacolithus tenuis Zone and/or to the lower part of the
Ellipsolithus macellus Zone.
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Kerteminde (fig. 24)

The five samples from the type locality of the Kerteminde Marl (Selan-
dian) at Lundsgards Cliff cover an interval of about five metres. The lower
three samples contain Prinsius martinii, while Chiasmolithus bidens is absent;
these samples can be placed in the top of the Cruciplacolithus tenuis Zone
and/or in the lower part of the Ellipsolithus macellus Zone. The upper two
samples containing Chiasmolithus bidens can be assigned with certainty to
the Ellipsolithus macellus Zone.

Lellinge Creek (fig. 25)

Four samples (DN86—DN89) were collected from two small outcrops of
Selandian marls, limestones and greensands at Lellinge Creek. Chiasmolithus
bidens and Prinsius martinii are present in all samples, which are assigned to
the Ellipsolithus macellus Zone.

Sweden, Limhamn Quarry (fig. 26)

In the Limhamn Quarry, South of Malmé, the uppermost part of the
Maastrichtian Chalk, and the Danian Bryozoan Limestone are exposed.
Biozonations of the Danian at this locality have been presented by Brotzen

(1959), Berggren (1962, 1969) and Malmgren (1974).
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Fig. 25  Section Lellinge Creek; lithology, distribution of species and biozonation,
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Only seven samples were collected from the roughly sixty metre sequence.
The lithostratigraphic subdivision is that given by Brotzen (1959). The lower-
most sample (S132), taken from the Chalk at about 2 m below the uncon-
formity marking the Cretaceous/Tertiary boundary, is assigned to the
Nephrolithus frequens Zone. Owing to bad exposure, the boundary interval
could not be sampled in detail. The samples S133—S135 from Bioherm
Group I already contain Placozygus sigmoides, indicative of the Gruciplaco-
lithus primus Zone. Sample S136 from the base of Bioherm Group II is as-
signed to the Cruciplacolithus tenuis Zone because of the presence of the
zonal marker. Chiasmolithus danicus has its first occurrence in sample S137
from the upper part of Bioherm Group II; this sample and sample S138 from
the Limhamn Limestones are also assigned to the Cruciplacolithus tenuis
Zone.

The absence of the Biantholithus sparsus Zone and of the Prinsius dimor-
phosus Zone in this record is due either to hiatuses or to too wide spacing of
the samples.
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subdivision after Brotzen, 1959).
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Remarks

The investigated Scandinavian assemblages show a large number of species;
this diversity is the result of the presence of many, supposedly reworked,
Cretaceous species. The specimens generally show a moderate degree of over-
growth.
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Fig. 27 Correlation of the investigated sequences in Denmark and Sweden.

The biostratigraphic correlation of the above mentioned sequences is given
in figure 27. Index species for the correlation are (in order of first occurren-
ce): Thoracosphaera operculata, Placozygus sigmoides, Cruciplacolithus
edwardsii, Prinsius dimorphosus, Cruciplacolithus tenuis, Chiasmolithus
danicus, Prinsius martinii and Chiasmolithus bidens.

Cruciplacolithus primus is a rare species, and large forms of this species
were not observed. Prinsius petalosus, Ellipsolithus macellus and Chias-
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molithus consuetus known from the Danian in the Tethys are absent.

The fact that the presence of the Prinsius dimorphosus Zone could not be
established at any locality may be due either to a hiatus, or to the wide
spacing of the samples in several sections. It is just as likely that the zonal
characteristics cannot be recognized for ecological reasons.

The Danian in its type region does not extent beyond the upper part of
the Cruciplacolithus tenuis Zone as defined in the present paper. The Selan-
dian corresponds to the uppermost part of the Cruciplacolithus tenuis and
the Ellipsolithus macellus Zones.

Previous investigations
Species of calcareous nannofossils of the Danish Danian and of the Selan-
dian have been listed by Perch-Nielsen (1969a, b) and Edwards (1973a).
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Chapter IV

BIOZONATION

Many zonations and partial zonations have been published for the Ceno-
zoic during the last 20 years. Zonal systems currently in use are those of
Martini (1971) and of Bukry (1971c, 1973, 1975). These schemes are very
similar, but Martini’s zonation is based on outcrop sections, while in the
scheme of Bukry the data were derived mainly from deep sea drillings.

As in most other nannofossil zonations, the units of Martini and Bukry are
interval zones, based on the entry or exit of single species of which neither
the origin nor the relationships with other species are known. Such a zone
becomes hard to recognize if the marker species is not found.

Biozones based on species of which the position in some phylogenetic
lineage is known are more easily recognizable, especially when several con-
temporaneous lineages can be used. Since most of the markers used by
Martini appeared to form part of a lineage, the zonation given below (fig.
28) largely corresponds to that of Martini.

A weakness in Martini’s scheme is his use of last occurrences of species to
define zonal boundaries; several zones in the Lower Eocene are defined in
this way. Calcareous nannofossils are easily reworked, which means that this
type of boundary is highly undesirable. Bukry, therefore, based his zones in
this interval (almost all of which have the same name as Martini’s zones) on
entries of species. Unfortunately several of these species are ill defined
and/or rare.

We have chosen to follow the zonal scheme of Martini for two reasons: (a)
the introduction of a new schema in which several names are the same as in
other schemes would only lead to confusion, (b) the chance that a new zona-
tion will be used is thought to be slight; most authors will probably continue
to refer to the “sophisticated” NP numbers.

For each zone the lineage segments which may increase the recognizability
of the zone are given below. For (frequencies of) species typical for the zone
the reader is referred to Martini (1971) and Bukry (1971, 1975).

As the Uppermost Maastrichtian was considered as well, the discussion of
the zonation begins with the uppermost zone of the Cretaceous.

Micula murus Zone Bukry and Bramlette, 1970, emend. Romein, 1977

Definition: Interval zone from the entry of Micula murus to the mass occur-
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rence (or increased frequency) of Braarudosphaera bigelowii and/or Thora-
cosphaera operculata.

Remarks: Bukry and Bramlette used the extinction of most Cretaceous
calcareous nannofossils to define the upper boundary of their zone. In most
sections covering the Cretaceous/Tertiary boundary interval, and especially
in closely sampled, continuous sections there is, however, no such level;
generally, typical Cretaceous species disappear gradually from the record in
the Lower Tertiary. It is not yet known whether these species crossed the
boundary or whether their presence is the result of reworking. In our opinion
the second possibility seems the most likely one, as nannofossils can easily
be reworked, owing to their small size.

From the literature it is known (Worsley and Martini, 1970; Worsley,
1974) that Micula murus was probably restricted to tropical regions. In
boreal regions the Nephrolithus frequens Zone is the highest zone in the
Maastrichtian, This zone was introduced by Cepek and Hay (1969) and
defined as “the interval from the first occurrence of N. frequens to the level
of extinction of most Cretaceous species”. The definition of the upper
boundary of this zone is emended here in the same way as the upper bound-
ary of the M. murus Zone. The order of entry of N. frequens and M. murus
is still under discussion.

Age: Late Maastrichtian.

Biantholithus sparsus Zone Perch-Nielsen, 1971, emend. this paper

Definition: Interval zone from the massive occurrence or increased frequen-
cy of Braarudosphaera bigolowii and/or Thoracosphaera operculata to the
entry of Cruciplacolithus primus.

Remarks: Mohler and Hay (1967) introduced the Markalius astroporus Zone
as the lowest zone in the Tertiary. They defined the lower boundary of the
zone by the first occurrence of M. astroporus. Investigations by Perch-
Nielsen (1969b) of assemblages from Danish localities of Maastrichtian and
Danian age, however, indicated that M. astroporus already occurs in
Maastrichtian sediments. She nevertheless retained the M. astroporus Zone
as the lowermost Danian zone, but she based the lower boundary of the zone
on the entry of Biantholithus sparsus. In 1971, Perch-Nielsen introduced the
B. sparsus Zone to replace the M. astroporus Zone (= Markalius inversus
Zone, NP 1, of Martini, 1971).

In the present paper the definitions of both the lower and the upper
boundary of the B. sparsus Zone are changed. The lower boundary of the
zone is placed at the massive occurrence or increased frequency of Braarudo-
sphaera bigelowii and/or Thoracosphaera operculata as Biantholithus sparsus
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is a rare species in most sections. The upper boundary of the zone, originally
placed by Mohler and Hay at the entry of Cruciplacolithus tenuis is lowered
to the first occurrence of Cruciplacolithus primus.

The floras in this partial range zone are dominated by the long-ranging
species B. bigelowii and/or T. operculata. Species which certainly have their
first occurrence in this zone are: Biantholithus sparsus at the base, Braarudo-
sphaera alta nov. sp., Biscutum parvulum nov. sp. and Neocrepidolithus fos-
sus (Romein) nov. comb. The rest of the assemblages consists of species
which continue from the Cretaceous. Because of their persistent presence in
Tertiary assemblages the following species are suspected to have survived the
Cretaceous/Tertiary “boundary event”: Braarudosphaera bigelowii, Thora-
cosphaera operculata, Thoracosphaera saxea, Markalius astroporus, Cyclage-
losphaera reinhardtii, Biscutum castrorum, Octolithus multiplus (Perch-
Nielsen) nov. comb., Micula decussata, Neocrepidolithus neocrassus (Perch-
Nielsen) nov. comb. and Goniolithus fluckigeri.

The Biantholithus sparsus Zone corresponds to the lower part of the
Markalius inversus Zone (NP 1) of Martini.

Reference locality: Section Caravaca, Barranco del Gredero, samples SP561—
564. The zone has a thickness of 50 cm at this locality.

Distribution: Caravaca: SP561—564; Nahal Avdat: IR54, 55; Stevans Klint:
DN35, 36; Dania: DN43-45; Kjglby Gaard: DN49—51.

Age: Early Paleocene.

Cruciplacolithus primus Zone Romein, this paper

Definition: Interval zone from the entry of Cruciplacolithus primus to the
first occurrence of Prinsius dimorphosus.

Remarks: The base of this zone is defined by the appearance of the first
representative of the Cruciplacolithus lineage. Within the zone the maximum
length of the zonal marker increases from 4 u at the base to 9 u at the top.
Cruciplacolithus edwardsii nov. sp. and Ericsonia cava are seen to develop
from C. primus in the upper part of the zone. In the same interval Prinsius
petalosus (Ellis and Lohman) nov. comb., the first representative of the
Prinsius lineage, enters the assemblages. Placozygus sigmoides, an important
species for the correlation of the Scandinavian sections, also has its first
occurrence in this zone. The zone is equivalent to the middle part of the
Markalius inversus Zone (NP 1) of Martini.

Reference locality: Section Caravaca, Barranco del Gredero, samples SP565—
576. At this locality the zone has a thickness of 8 m.

Distribution: Caravaca: SP565--576; Nahal Avdat: IR56—59; Stevns Klint:
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DN37-39; Dania: DN46, 47; Kjplby Gaard: DN52; Boesdal: DN60—66;
Bulbjerg: DN54—59; Limhamn: S132—-134.
Age: Early Paleocene.

Prinsius dimorphosus Zone Romein, this paper

Definition: Interval zone from the first occurrence of Prinsius dimorphosus
type 1 to the entry of Cruciplacolithus tenuis.

Remarks: The marker for the base of this zone developed from Prinsius
petalosus in the time interval corresponding to the uppermost part of the
underlying zone. Type 1 of the marker dominates the associations in the
lower part of the zone, and it is supposed to develop into Prinsius dimor-
phosus type 2 in the upper part.

The angle of rotation of the bars in Cruciplacolithus edwardsii increases
in progressively higher associations from this zone.

More circular forms of Ericsonia cava, and forms intermediate between
C. primus and C. tenuis occur in the upper part of the zone. The first re-
presentatives of the genus Neochiastozygus (N. denticulatus and N. mo-
destus) also appear in the upper part of the zone. This zone corresponds to
the upper part of the Markalius inversus Zone (NP 1) of Martini.

Reference locality: Section Caravaca, Barranco del Gredero, samples SP577—
600. At this locality the zone has a thickness of 22.5 m.

Distribution: Caravaca: SP577—600; Nahal Avdat: IR60—-66. The presence
of this zone could not be established in the Scandinavian sections.

Age: Early Paleocene..

Cruciplacolithus tenuis Zone Mohler and Hay, 1967, emend. this paper.

Definition: Interval zone from the appearance of Cruciplacolithus tenuis to
the first occurrence of Ellipsolithus macellus.

Remarks: Our investigation of the holotype of Cruciplacolithus tenuis
showed that Stradner’s illustration of this specimen is incomplete. The figure
warrants the determination Cruciplacolithus primus, but the specimen is
clearly different, which means that C. tenuis must be retained as a separate
species (see chapter on taxonomy). As a consequence of the different con-
cepts of C. tenuis in the literature, the base of our C. tenuis Zone is probably
higher than that given by most other authors.

The zone was introduced by Mohler and Hay as the interval from the
entry of C. tenuis to the first occurrence of F. tympaniformis. In the type
locality at Pont Labau (S.W. France), sample Gan 782 was chosen as the
most representative sample, but the (reversed) illustrations of C. fenuis are
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from specimens from the F. tympaniformis Zone.

Martini (1971) lowered the upper boundary of the zone to the first occur-
rence of Chiasmolithus danicus, and inserted the Ellipsolithus macellus Zone
(NP4) in between the C. danicus Zone (NP3) and the F. tympaniformis Zone
(NP5). Thus, Martini’s C. tenuis Zone probably corresponds to the lower
part of the C. tenuis Zone at Pont Labau. As C. danicus is not present in this
section (Hay and Mohler’s C. danicus warrants the determinations C. con-
suetus and C. californicus) or in the Caravaca and Nahal Avdat sections, the
upper boundary of our C. tenuis Zone is drawn at the first occurrence of
E. macellus.

In this zone Chiasmolithus danicus is seen to evolve from late forms of
Cruciplacolithus edwardsii. Other species appearing in this zone and be-
longing to one or other of the lineages are Ericsonia subpertusa which devel-
oped from circular forms of E. cava, and Prinsius martinii which evolved
from P. dimorphosus type 2.

Reference locality: Section Caravaca, Barranco del Gredero, samples SP601 —
605. In this section the zone has a thickness of 21 m. »
Distribution: Caravaca: SP601—605; Nahal Avdat: IR67—75; Fakse: DN67—
71; Bredstrup Klint: DN72-76; Klintholm: DN78—80; Limhamn: S135,
136.

Age: Early Paleocene.

Ellipsolithus macellus Zone Martini, 1971

Definition: Interval zone from the entry of Ellipsolithus macellus to the
appearance of Fasciculithus tympaniformis.

Remarks: There are no evolutionary events which would give a better defini-
tion for the base of this zone.

Cruciplacolithus latipons nov. sp. and Chiasmolithus consuetus both devel-
oped from Cruciplacolithus primus during the time-span of this zone, the
former species in the early part, the latter in the later part.

Ericsonia eopelagica evolved from Ericsonia cava in the course of the early
part of the zone.

Chiasmolithus bidens which descends from Chiasmolithus danicus and
Prinsius bisulcus which developed from P. martinii, enter the record in the
upper part of the zone.

The earliest representatives of the Sphenolithus lineage and of the Fasci-
culithus lineage are found in the upper part of the zone.

Age: Early Paleocene.
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Fasciculithus tympaniformis Zone Mohler and Hay, 1967

Definition: Interval zone from the appearance of Fasciculithus tympanifor-
mis to the first occurrence of Heliolithus kleinpellii.

Remarks: The first radiation of Fasciculithus is found in the E. macellus and
F. tympaniformis Zones, but F. tympaniformis is the only species which has
a range that extends beyond the upper boundary of the zone.

Heliolithus elegans (Roth) nov. comb., the ancestor of Heliolithus canta-
briae and of the Discoaster group 1 developed from Fasciculithus bitectus
nov. sp. in the course of this zone.

The first representative of the genus Toweius, T. pertusus is derived from
Prinsius bisulcus in the lower part of the zone.

Age: Middle Paleocene.

Heliolithus kleinpellii Zone Mohler and Hay, 1967

Definition: Interval zone from the entry of Heliolithus kleinpellii to the first
occurrence of Discoaster mohleri.

Remarks: H. kleinpellii is the final species in the Heliolithus lineage, which
shows a trend towards reduction in the thickness of all cycles present. The
earliest Discoaster species, Discoaster bramlettei (Bukry and Percival) nov.
comb., appears in the upper part of this zone; it descends from Heliolithus
elegans.

Age: Middle Paleocene.

Discoaster mohleri Zone Hay, 1964, emend. this paper

Definition: Interval zone from the appearance of Discoaster mohleri to the
entry of Discoaster multiradiatus.

Remarks: Bukry and Percival (1971) changed Hay’s Discoaster gemmeus
Zone to Discoaster mohleri Zone for taxonomical reasons.

Here the Discoaster mohleri Zone is given a wider scope than Hay origin-
ally intended. This author placed the upper boundary of his zone at the
appearance of Heliolithus riedelii.

In most sections, however, this species is lacking; it seems to have had a
limited geographical distribution. In the present zonation the name D.
mohleri Zone is used for the combined D. mohleri Zone and Heliolithus
riedelii Zone (Bramlette and Sullivan, 1961). The latter zone was made to
correspond to the interval from the first occurrence of H. riedelii to the
entry of Discoaster multiradiatus.

As a substitute for the latter zone Bukry (1973) introduced the Discoaster
nobilis Zone, which should be more or less equivalent with the H. riedelii
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Zone. In our sections we found that D. nobilis appears at the same level as
D. multiradiatus, which makes Bukry’s zone less useful.

D. mohleri is a descendant of Discoaster bramlettei, found in the upper
part of the H. kleinpellii Zone, and in turn is found to be ancestral to the
group of Discoaster species which show no interference in cross-polarized
light.

The first representative of the genus Zygodiscus s.s. appears in the D.
mohleri Zone. This species, Zygodiscus clausus nov. sp., is ancestral to
Z. adamas which appears in this zone as well.

Ericsonia universa is seen to follow from E. robusta in the upper part
of the zone.

Age: Late Paleocene.

Discoaster multiradiatus Zone Bramlette and Sullivan, 1961

Definition: Interval zone from the entry of Discoaster multiradiatus to the
appearance of Tribrachiatus nunnii (Brénnimann and Stradner) nov. comb.
Remarks: The nominate species is found to have developed from Helio-
lithus megastypus (Bramlette and Sullivan) nov. comb. in the upper part of
the preceding zone. It is the earliest representative of a group of Discoaster
species which do show interference in cross-polarized light. The mean num-
ber of rays in D. multiradiatus decreases in this zone and the next higher
zone.

The genus Rhomboaster appears in the lower part of the zone with
Rhomboaster intermedia nov. sp.; radiation in this genus is observed in
the upper part of the zone. The earliest representative of the related genus
Tribrachiatus, T. spineus (Shafik and Stradner) nov. comb., appears in the
upper part of the zone.

In Fasciculithus there is a second radiation in this zone.

Age: Late Paleocene.

Tribrachiatus contortus Zone Hay, 1964

Definition: Interval zone from the first occurrence of Tribrachiatus nunnii
(Brénnimann and Stradner) nov. comb. to the last occurrence of Tribrachia-
tus contortus.
Remarks: The Tribrachiatus nunnii-T. contortus-T. orthostylus lineage seems
to allow for a detailed biostratigraphical subdivision, but unfortunately the
former two species have a limited geographical distribution.

The Paleocene/Eocene boundary is generally placed at the base of this
zone (Martini, 1971; Perch-Nielsen, 1975). If T. nunnii is absent from the
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associations, this boundary is hard to recognize. Bukry (1975) therefore
placed the boundary at the appearance level of Discoaster diastypus, which
is somewhat higher in the T. contortus Zone.

The mean number of rays in D. multiradiatus in this zone is lower than
21 in our assemblages.

The upper boundary of this zone is hard te recognize when T. contortus
is absent, as is the case in the Caravaca section; here the boundary is placed
above the appearance of T. orthostylus and below the entry of Discoaster
barbadiensis, on the basis of evidence from the Nahal Avdat section.

Age: Early Eocene.

Discoaster binodosus Zone Mohler and Hay, 1967

Definition: Interval zone from the last occurrence of Tribrachiatus contortus
to the entry of Discoaster lodoensis.
Remarks: In this partial range zone the earliest Discoaster species with free,
ornamented arms are found; probably they are a further development from
D. ornatus.

In the group of Discoaster species with lack interference, Discoaster barba-
diensis evolves from D. multiradiatus.

Discoaster pacificus, which belongs to the D. diastypus lineage, evolves
from D. diastypus in the range of this zone.
Age: Early Eocene.

Tribrachiatus orthostylus Zone Brénnimann and Stradner, 1960

Definition: Interval zone from the first occurrence of Discoaster lodoensis
to the last occurrence of Tribrachiatus orthostylus.

Remarks: The name of this partial range zone was changed by Proto Decima
et al. (1975) from Marthasterites tribrachiatus Zone to Tribrachiatus ortho-
stylus Zone for taxonomical reasons.

Discoaster kuepperi developed from Discoaster robustus in the time inter-
val corresponding to the lower part of this zone. A differentiation of Dis-
coaster species with free, ornamented arms is found in the upper part of the
zone. Helicosphaera is thought to have evolved from Zygodiscus, via Lopho-
dolithus in the course of this zone.

Age: Early Eocene.

Discoaster lodoensis Zone Bréonnimann and Stradner, 1960

Definition: Interval zone from the exit of Tribrachiatus orthostylus to the
appearance of Discoaster sublodoensis.
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Remarks: Transitional forms between D. lodoensis and D. sublodoensis
occur in the upper part of this partial range zone. The first species of Reti-
culofenestra, Reticulofenestra dictyoda probably evolved from Toweius
occultatus in the same interval.

Age: Late Early Eocene — Early Middle Eocene.

Discoaster sublodoensis Zone Hay, 1964

Definition: Interval zone from the entry of Discoaster sublodoensis to the
appearance of Nannotetrina fulgens.

Remarks: Nannotetrina cristata, the oldest species of the genus which evolv-
ed from Micula decussata, is found in the upper part of this zone.

Age: Middle Eocene.

Nannotetrina fulgens Zone Hay, 1967, emend. Martini, 1971

Definition: Interval zone from the appearance of Nannotetrina fulgens to the
last occurrence of Rhabdosphaera gladius.
Rewmarks: The name of this zone was changed by Proto Decima et al. (1975)
from Chiphragmalithus alatus Zone to N. fulgens Zone for taxonomical
reasons.

Only the lower, and possibly the middle, part of this zone correspond to
the uppermost part of our Aspe section.

Sphenolithus obtusus and S. furcatolithoides are seen to develop from
S. radians in the lower part of this zone.
Age: Middle Eocene.
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Fig. 29  Lineages in the genus Cruciplacolithus.




Chapter V

THE LINEAGES

The relationships, trends, morphoclines and lineages (or, better, lines of
descent; see Chapter TI) suggested in this chapter are based primarily on
observations in the L.M., using the method described in Chapter I. The
indispensable information about the ultrastructure of the species was obtain-
ed by S.EM. investigations, and from S.EMM. and T.E.M. micrographs
available in the literature.

Most of the information given below results from our own observations
of the tropical assemblages found in the thick and continuous sediment
series of Caravaca, Aspe and Nahal Avdat.

Lineages are described in the following families (arranged in the order of
appearance of the first representative of each family): 1. the Coccolithaceae,
2. the Noélaerhabdaceae, 3. the Sphenolithaceae, 4. the Fasciculithaceae,
5. the Heliolithaceae, 6. the Discoasteraceae, 7. the Zygodiscaceae. Finally,
lineages are presented, which comprise the genera Micula, Rhomboaster,
Tribrachiatus and Nannotetrina (8).

For the description of the genera and species considered hereafter, the
reader is referred to Chapter VL.

LINEAGES IN THE COCCOLITHACEAE
l.a. Lineages in the genus Cruciplacolithus (fig. 29)

1.a.1. Morphoclines in Cruciplacolithus primus s L.

As already indicated by its name, this species is the first, true representa-
tive of the genus. The earliest forms are very small (3—5 u), have a narrow
central area and a fragile central cross. The number of elements in the nar-
row margin varies from 25 to 30. The central cross is in line with the axes of
the ellipse.

In progressively higher assemblages from the C. primus Zone, the maxi-
mum size of the specimens increases to 9 u (figs. 30, 31). These larger forms
show a wider margin with up to 66 elements, and a larger central area, but
the central cross is still aligned with the axes of the ellipse.

Somewhat above the level of first occurrence of forms larger than 9 u (in
the upper part of the C. primus Zone), we started to find specimens in which
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the Y, -bars were no longer parallel to the Y-axis. The size of these specimens
ranges from 6 to 10 u. Such forms have been assigned to Cruciplacolithus
edwardsii nov. sp.

After the branching off of C. edwardsii, C. primus continues its range in
the assemblages, but only in smaller forms (3—5 ). In the uppermost part

61



of the C. primus Zone and in the P. dimorphosus Zone the maximum length
of specimens of C. primus increases again, until finally forms of 10 u are
found. In these larger forms, several elements at the tips of the bars show an
optical orientation and a form, which differ from the other elements in the
bars. Somewhat higher, small triangular protuberances (so-called feet) appear
which invariably point counter-clockwise in distal view. The forms with such
feet have been assigned to Cruciplacolithus tenuis.

After the branching off of C. tenuis, C. primus continues to be present
in the assemblages, but again in smaller forms only (3—6 u). The species be-
gins to decrease in numbers in the C. tenuis Zone and it becomes rare in
the E. macellus Zone.

In the latter zone C. primus is seen to give rise to Chiasmolithus consuetus
(tig. 37); the species is probably also ancestral to Cruciplacolithus latipons,
which appears in the same zone.

1.a.2. The morphocline in Cruciplacolithus edwardsii

In early forms of this species in the C. primus Zone, only the Y, -bars
make an angle with the Y-axis. The rotation from the Y-axis is in clockwise
direction in distal view. In somewhat younger assemblages the X, -bars make
an angle with the X-axis as well, again in clockwise direction. In order to
get an impression of the changes in this species we carried out a biometric
study in which the following parameters were measured (fig. 32): (1) the
angle between the X, -bars and the X-axis (LXX, ), (2) the angle between the
Y, -bars and the Y-axis (LYY, ).

/
LY Y
\/

/

/
X-axis of -
ellipse S lé X X!
Y-axis of
ellipse

Fig. 32  Parameters measured in Cruciplacolithus edwardsii.
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In our study we used L.M. observations on fixed mounts in cross-polarized
light. Thirty specimens were measured in each of the samples used for this
comparison. Some selection was inevitable as only well preserved specimens
which were lying flat could be used for measuring.

For specimens lying with the distal side upwards the working procedure
for measuring the angles of rotation consists of the following steps: (1) rota-
tion of the object table until the X-axis of the specimen is parallel to the X-
cross-hair, (2) reading of the scale > X, (3) anti-clockwise rotation of the
table until the X, -bars are parallel to the X-cross-hair, (4) reading of the
scale » Y; X-Y gives the angle XX, ; (5) further anti-clockwise rotation of
the table until the Y, -bars are parallel to the Y-cross-hair, (6) reading of the
scale - Z; X-Z gives the angle YY, ; LXX,; + 90 — YY, gives the angle X; Y.
For specimens lying with the proximal side upwards, the table was rotated
in the opposite direction.

As the interval containing C. edwardsii is thickest in the Caravaca section
the measurements were first performed on a set of 7 samples from this
Spanish locality. The results are given in figure 33. The following conclusions
can be drawn: (1) the mean angle of rotation of the bars increases in progres-
sively younger assemblages, (2) the mean angle of rotation of the Y, -bars is
invariably higher than that of the X, -bars, (3) the mean angle X, Y, is smal-
ler than 90°.

In order to check this conclusion the same measurements were performed
on a set of 3 samples from the corresponding stratigraphic interval in the
Nahal Avdat section. The results of these measurements are given in figure
34. From this figure it can be concluded that the same trend occurs in this
section.

In both the Caravaca and the Nahal Avdat sections, the species disappears
rather suddenly from the record. Near the disappearance level, in the lower
part of the C. tenuis Zone, the bars are no longer straight, but in distal view
they are slightly curved clockwise. In cross-polarized light and with the
gypsum plate the bars begin to show a patchy colour distribution. These
youngest forms of C. edwardsii are probably transitional to Chiasmolithus
danicus, but typical specimens of the latter species do not occur in sections
in the Tethys realm.

1.a.3. The morphocline in Cruciplacolithus tenuis (figs. 28, 30, 31)

In the C. tenuis to F. tympaniformis zonal interval, the maximum length
of specimens of C. tenuis increases from 11 p to 14 u in the Caravaca sec-
tion, and from 12 u to 15 u in the Nahal Avdat section. Above the F. tym-
paniformis Zone the maximum length measured was 18 u, but the frequency
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of the species decreases. In the D. mohleri Zone forms begin to occur in
which the bars make an angle with the axes of the ellipse, in clockwise direc-
tion in distal view. These forms have been assigned to Cruciplacolithus fre-
quens (Perch-Nielsen) nov. comb. The bars in this species remain normal to
each other, and the angle of rotation never exceeds 15°. Both C. tenuis and
C. frequens disappear in the D. multiradiatus Zone.
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1.a.4. Relationships between Cruciplacolithus latipons nov. sp., Crucipla-
colithus cribellus (Bramlette and Sullivan) nov. comb. and Crucipla-
colithus eodelus (Bukry and Percival) nov. comb. (fig. 28)

Cruciplacolithus latipons starts its range in the E. macellus Zone. The
species is thought to have developed from C. primus. The main transforma-
tion is seen in the increase in the width of the bars, which become blade-like.
The species is rare in the E. macellus Zone and occurs sporadically in the
F. tympaniformis to D. multiradiatus Zonal interval.

Cruciplacolithus latipons is thought to be ancestral to C. cribellus, which
appears in the D. multiradiatus Zone. The development towards C. cribellus
includes the following steps: (1) further lateral growth of the bars, so that
the central area becomes completely closed. All bars must have grown to
the same extent because there are diagonal sutures in the central plate of
C. cribellus, (2) perforation of the central plate.

Also C. eodelus is considered to have developed from the exceedingly
rare C. latipons. This species also appears in the D. multiradiatus Zone. It is
thought that in this development the bars became reduced to narrow struc-
tures, which are no longer parallel to the axes of the ellipse but which make
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a small angle with them in clockwise direction (in distal view). Simultane-
ously the wall became narrower and its inner margin steeper.

Cruciplacolithus delus is seen to evolve from C. eodelus in the course of
the T. contortus Zone by gradually acquiring a more quadrangular outline
and a stronger vaulting of the coccolith.

1.a.5. Changes in Cruciplacolithus in the sections in Scandinavia

C. primus is the first representative of the genus in the Scandinavian sec-
tions as well. In this region the species remains small in the C. primus Zone,
and C. edwardsii does not occur in this zone as it does in the Tethys sec-
tions. The gradual transition from C. primus to C. tenuis was not found
either; the latter species enters the assemblages rather suddenly.

The specimens of C. edwardsii found in the lower part of the C. tenuis
Zone are comparable with the youngest forms found in Spain and Israel;i.e.
they seem to be forms which are transitional between C. edwardsii and
Chiasmolithus danicus. Somewhat higher in the Scandinavian C. tenuis Zone
the first typical specimens of Chiasmolithus danicus are found, which are
characterized by strongly curved, rather wide bars.

1.2.6. The origin of the genus Cruciplacolithus

C. primus might have evolved from Cruciplacolithus? inseadus in the
course of the B. sparsus Zone in that the tangential bars in the central area
completely disappeared. This species in turn might have developed from
representatives of the Cretaceous genus Sollasites. Notwithstanding a per-
sistent search, we could find no trace of Cruciplacolithus? inseadus in our
assemblages.

1.b. Lineages in the genus Ericsonia (fig. 35)

The first representative of this genus is Ericsonia cava, which appears
just below the boundary between the C. primus and P. dimorphosus Zones.
These early forms are small (3—5 u) and have a narrow, open central area.
They are clearly seen to evolve from small forms of C. primus in that the
central cross becomes reduced. In the P. dimorphosus — E. macellus zonal
interval the maximum length increases to about 7 u, but the frequency
decreases after reaching a peak in the P. dimorphosus Zone of the Tethys
sections.

E. eopelagica, which appears in the E. macellus Zone, probably developed
from E. cava, but we did not observe the transition. This development re-
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quired no more than an increase in the relative width of the margin and
a change to a less steep outward slope of the shields.

E. cava is also ancestral to E. subpertusa. In the upper part of the P. di-
morphosus Zone we found variants of E. cava with a more circular outline.
The number of these circular forms increases in progressively younger assem-

blages. In these forms the following gradual changes take place: (1) the wall

ZONE

Discoaster —’

binodosus

E.formosa

Tribrachiatus
contortus

Discoaster @E,robusm Euniversa
multiradiatus

Discoaster -/J—/—"
mohieri @
—
Heliolithus

kieinpeliil

Fasciculithus
tympaniformis

Ellipsolithus | - -~
macellus

@
E.subpertusa

Cruciplacolithus

Cruciptacolithus primus smaliforms
tenuis
>
@ Circutar
g forms ot
£cava
E.caya
Prinsius /

dimorphosus

Crucipiacolithus
primus

Fig. 35 Lineages in the genus Ericsonia.
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gradually shifts to a more distal position with regard to the shields; in the
end the outer margin of the wall projects beyond the outer margin of the
proximal shield. This projection can be observed best in the light microscope
(“focus effect”, see Chapter VI), (2) the outward slope of the shields be-
comes steeper, (3) the sutures in the wall, which are counter-clockwise
oblique in earlier forms, become hook-shaped; i.e., near the inner margin of
the wall they are oblique clockwise, but in the middle of the wall they bend
in the opposite direction (fig. 36). The circular forms that show this hooked
type of sutures, steeply sloping shields and the “focus effect” of the wall
have been assigned to the species E. subpertusa.

Circular form E.subpertusa hypotheticaiform E.robusta
of E.cava

Fig. 36 Changes in the orientation of the sutures in the wall in the development of E. robusta
from circular forms of E. cava.

The ratio between the width of the margin and the diameter of the central
opening is highly variable in E. subpertusa; it varies from 2 to about 0.5,

E. robusta is seen to develop from E. subpertusa in the course of the
D. mohleri Zone by the following structural changes: (1) an increase in
the width of the wall, (2) a further lateral shift of the wall, to such an ex-
tent that it almost completely covers the distal shield, (3) an enlargement of
the clockwise oblique parts of the hook-shaped sutures, to such an extent
that almost the entire suture becomes straight and oblique clockwise.

E. robusta is in turn ancestral to E. universa, which also appears in the
D. mohleri Zone. This change includes an increase in the height of the outer
margin of the wall, and a proximal elongation of the proximal cycle of the
distal shield.

The change from an elliptical outline to a circular form is repeated in the
T. contortus Zone. In this zone individuals in the assemblages of Ericsonia
eopelagica develop a circular outline that is characteristic of Ericsonia
formosa. This species and E. eopelagica form an important part of the
Eocene floras.
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1.c. Lineages in the genus Chiasmolithus (fig. 37)

Lineages in this genus have been described by Gartner (1970), who
divided the genus into two groups on the basis of the construction of the
bars. For a further subdivision of these two groups the shape of the bars
has been taken into account. The relations suggested below largely conform
to those proposed by Gartner; a different opinion is expressed about the
origin of the two groups however.

1.c.1. Lineages in group 1 (forms with non-split bars)

The eatliest representative of this group is Chiasmolithus consuetus, which
appears in the E. macellus Zone. The species evolved from Cruciplacolithus
primus in the course of the lower part of this zone. Intermediate forms
between both species have been found only in the Caravaca section. At first,
C. primus forms are found in which the bars are still aligned with the axes
of the ellipse but in which the margin is Chiasmolithuslike. Somewhat
higher in the section the central cross of these forms begins to rotate clock-
wise in distal view. The angle of rotation increases rapidly to forms in which
the angles XX, and YY, are about 45°. During (and after) this rotation the
bars remain normal to each other.

The early forms of C. consuetus are relatively small (3-8 1), but the maxi-
mum size increases in younger assemblages. In the D. multiradiatus Zone the
first specimens larger than 12 u appear; they have been assigned to C. cali-
fornicus. In higher zones the gradation between C. consuetus and C. cali-
fornicus disappears. The latter species gradually disappears from the assem-
blages in the D. sublodoensis Zone, but C. consuetus ranges well into the
N. fulgens Zone. In the course of this zone, C. titus evolved from C. consue-
tus by developing a strong bend of the X, -bars, clockwise in distal view.

1.c.2. Lineages in group 2 (forms with split bars)

Chiasmolithus bidens is the earliest representative of this group. In the
Caravaca and Nahal Avdat sections the species enters suddenly in the E.
macellus Zone, but in the sections in Scandinavia we found intermediates
between C. danicus and C. bidens in the same zone. C. bidens probably
evolved from C. danicus in boreal waters and migrated afterwards to war-
mer waters. In Spain and Israel the first occurrence of C. bidens coincides
approximately with that of C. consuetus; the latter species has not been
found in Scandinavia. The distribution of C. consuetus thus seems to have
been restricted to more tropical waters.
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The descendants of C. danicus can be divided into the following two
groups on the basis of the shape of the bars:

Group 1; as in C. danicus, the Y, -bars are straight and the X, -bars are
curved (clockwise in distal view) in the species of this group, wich are C.
bidens, C. solitus and C. gigas. C. solitus is thought to have evolved from
C. bidens in the course of the T. contortus Zone; C. solitus is in turn thought
to be ancestral to C. gigas, which appears in the N. fulgens Zone.

Group 2; in the species belonging to this group both the X, -bars and
the Y, -bars are strongly curved; the former clockwise in distal view, the
latter in the opposite direction. The oldest species showing this type of
bars is C. eograndis, which is considered to have developed from C. bidens
in the T. contortus Zone. C. eograndis is considered to be ancestral to
C. grandis, which appears in the D. binodosus Zone, and to C. expansus,
which enters the record in the T. orthostylus Zone.

LINEAGES IN THE NOELAERHABDACEAE (fig. 38)

2.a. Lineages in the genus Prinsius

Prinsius petalosus (Ellis and Lohman) nov. comb. is considered to be
the earliest representative of the genus. The species was found only in
the Caravaca section, where it enters the assemblages in the C. primus
Zone. After the species has reached its maximum frequency in the upper
part of this zone, variants begin to occur in which the distal crown of peta-
loid elements is almost completely reduced. These forms are considered
to be transitional between P. petalosus and P. dimorphosus type 1. In
addition to this reduction the following steps are presumed to have occurred
in the evolution to P. dimorphosus type 1: (a) an increase in the size of the
coccoliths (from about 1 u to 3 u), (b) a decrease in the number of cocco-
liths in the sphere (from 45 to 10), (c) a change in the outline of the cocco-
lith, namely from elliptical to circular.

Prinsius dimorphosus type 1 shows only a single centro-distal cycle; this
cycle is considered to be homologous with the basal parts of the distal crown
in P. petalosus.

P. dimorphosus type 2 evolved from P. dimorphosus type 1, probably in
the course of the P. dimorphosus Zone. In this type there are two, superpos-
ed centro-distal cycles. The lower cycle is probably a distal continuation of
the proximal shield, inserted between the distal shield and the upper centro-
distal cycle. Specimens of type 2 generally have a somewhat more elliptical
outline than those of type 1. The presence of specimens of type 2 could be
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established with certainty only in the Scandinavian sections. Both types are
known to occur on the same coccosphere (Perch-Nielsen, 1969a).

The elliptical Prinsius martinii is seen to develop from P. dimorphosus
type 2 in the course of the C. tenuis Zone, during which the following
changes took place: (a) an increase in the number of elements in the margin
and in the lower centro-distal cycle, i.e. from 13 to about 30, (b) a change
from a predominantly circular outline to a predominantly elliptical outline,
(c) a more regular arrangement of the elements in the lower centro-distal
cycle.

Prinsius bisulcus shows a higher number of elements in the margin and
in the lower centro-distal cycle than P. martinii, from which it is seen to
develop in the course of the E. macellus Zone. The elements near the poles
in the upper centro-distal cycle became more regularly arranged; two sutures
along the X-axis are formed. The centro-distal cycles became pierced by a
small number of pores. Early forms of P. bisulcus are small and subelliptical
to elliptical; they have a small number of pores. Later forms are larger, more
distinctly elliptical and have more pores.

2.b. Lineages in the genus Toweius

Toweius pertusus (Sullivan) nov. comb., the first species in Toweius, is
seen to develop from early forms of P. bisulcus; it appears in the lower part
of the F. tympaniformis Zone. The following changes are observed in the
transition from Prinsius to Toweius: (a) a further increase in the number of
elements in the margin, in the lower centro-distal cycle, and especially in the
upper centro-distal cycle, (b) a more regular arrangement of the elements in
the upper centro-distal cycle, and an increase in the thickness of this cycle,
(c) coalescing of the elements of the proximal shield in such a way that a
proximal central plate is formed; this plate is closely pressed against the
upper centro-distal cycle, (d) an increase in the number of pores in the
central area. These pores pierce both the proximal plate and the upper
centro-distal cycle.

The maximum size of the coccoliths of T. pertusus increases in the F.
tympaniformis to D. multiradiatus zonal interval. The number of pores
increases in this interval from about 6 to a maximum of 24. This trend
towards the formation of a more open central area is apparent in several
descendants of T. pertusus.

In T. eminens s.l., which appears in the D. multiradiatus Zone, groups
of pores coalesce to form a small number (4 to 7) of larger openings. In
T. occultatus, which is thought to have developed from T. eminens s.l.
in the course of the upper part of the D. multiradiatus Zone, the bars be-
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tween these larger openings disappear, so that a single, large central opening
is formed.

The largest and thickest species in the genus is 7. magnicrassus (Bukry)
nov. comb., which is thought to have developed from T. pertusus in the
course of the D. binodosus Zone. The central area in this species was probably
closed by a reticule.

Toweius gammation (Bramlette and Sullivan) nov. comb., which appears
in the D. binodosus Zone, evolved from T. occultatus. In intermediate
forms the central opening gradually becomes smaller. In addition there is
a complete reduction of the proximal cycle of the distal shield and of
the upper centro-distal cycle.

2.c. Lineages in the genus Reticulofenestra

Only two species of this genus occur in our material. The oldest species
is Reticulofenestra dictyoda, which appears in the D. lodoensis Zone. It
descends either from Toweius occultatus or from Toweius pertusus, al-
though specimens of the latter species have not been observed at such a
high level in our sections.

The following essential changes in morphology took place in the develop-
ment from Toweius to Reticulofenestra: (a) the disappearance of a separate
lower centro-distal cycle; the course of the sutures in the inner margin of the
upper cycle of the distal shield indicates that in Reticulofenestra the lower
centro-distal cycle fused with the distal shield; (b) thinning of the upper
centro-distal cycle, and an increase in the number of pores in this cycle and
in the central part of the proximal shield, resulting in a finely perforated,
central reticule; (c) an increase in the distance between the upper and lower
cycles of the distal shield, and an increase in the degree of imbrication of the
clements in the upper cycle of this shield.

In the D. lodoensis and D. sublodoensis Zones the maximum size of
Reticulofenestra dictyoda increases from 5 u to 10 u. In the N. fulgens Zone
the first variants larger than 10.5 u were observed. These forms have been
assigned to R. umbilicus. The diameter of the central area and the width of
the marginal part of the centro-distal cycle are highly variable in this species.

LINEAGES IN THE SPHENOLITHACEAE

3.a. Lineages in the genus Sphenolithus (fig. 39)

The first representative of this genus, S. primus, appears in the E. macellus
Zone. Early forms are rather small (4 u), but the height and the diameter
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Fig. 39
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increase to about 8 u in the H. kleinpellii Zone. The first species seen to
develop from S. primus is S. anarrhopus, in the course of the H. kleinpellii
Zone. As in almost all later, direct and indirect descendants of S. primus,
the column remains unchanged, but the morphology of the cone alters: one
of the topmost elements in the cone becomes enlarged to a blade-like spine,
while the total number of superposed cycles in the cone decreases to two or
three.

In S. radians, which is thought to have developed from S. primus in the
course of the T. contortus Zone, four of the topmost elements in the cone
are enlarged to a centro-distal spine. There are two or three superposed
cycles in the basal part of the cone.

S. spiniger is observed to develop from S. radians in the course of the
N. fulgens Zone. Both species show the same construction, but in the former
the hight of the cone has become smaller than that of the column.

Another descendant of S. radians, seen to develop in this interval, is S.
obtusus. In this species the number of cycles in the lower part of the cone
is reduced to only one. This cycle has probably coalesced with the column,
which would explain the obtuse angle formed by the extinction lines.

S. furcatolithoides also shows a single cycle in the lower part of the cone.
This species enters the record in the N. fulgens Zone, and is seen to develop
from S. radians. The number of large elements in the cone is reduced to two
in this species.

LINEAGES IN THE FASCICULITHACEAE

4.a. Lineages in the genus Fasciculithus (fig. 40)

The oldest species in this genus is the large and robust F. magnus, which
first occurs in the E. macellus Zone. The larger part of the thick column
shows radially arranged elements; in a thin, upper slice, however, the sutures
are anti-clockwise oblique. This different orientation of the elements is
probably the result of torsion. The central body is relatively small.

A first radiation in the genus occurred in the course of the E. macellus and
F. tympaniformis Zones. All species in this interval have a central body.

F. magnus is thought to be ancestral to both F. magnicordis nov. sp. and
F. ulii, which appear in the E. macellus Zone. In the former descendant the
central body became relatively larger than in F. magnus, but in F. ulii it
became reduced.

Like F. magnus, F. ulii shows an upper slice with anti-clockwise oblique
sutures, but in the latter species this slice is surmounted by a distal cycle of
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clockwise imbricating elements (dome).

In F. janii the column shows a well differentiated “upper slice” which
surrounds the dome.

In F. bitectus nov. sp. this dome is relatively flat and covers a distinct,
separate cycle of elements (median cycle) which is considered homologous
with the “upper slice” of the column of F. ulii.

In F. billii the dome is relatively low; a well-differentiated “upper slice”
is not present in the column.

In F. tympaniformis there is no clear distinction between a column and
a dome; in our opinion these units coalesced in the development from F.
ulii. A central body is present in early forms, but it disappears in the upper
part of the F. tympaniformis Zone.

A second period of radiation in the genus occurred in the course of the
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D. mohleri and D. multiradiatus Zones. The species which evolved in in this
time span can be roughly subdivided into three groups; F. tympaniformis is
ancestral to all three.

The species in the first group are medium-sized and have a more or less
triangular outline in side view. The oldest species in this group is F. clinatus,
which is seen to develop from F. tympaniformis by a gradual change in its
outline in the course of the D. mohleri Zone.

F. alanii and F. lillianae most probably descend from F. clinatus. In the
former species the column shows fenestrae, and the cone is relatively high;
in the latter species the cone has disappeared, and there are fewer elements
in the column.

The species in the second group are large and have a parallel-sided or
proximally tapering column. The sturdy F. bobii is considered to have
evolved from F. tympaniformis in the course of the upper part of the D.
mohleri Zone. It shows a single, distal row of fenestrae. Both F. tonii and
F. schaubii probably developed from F. bobii in the course of the D. multira-
diatus Zomne. In the former species the number of rows of fenestrae has
increased to two or three;in the latter species the maximum number of rows
is four.

The species in the third and youngest group, which developed from F.
tympaniformis, are relatively small and have a star-like outline in proximal
or distal view. F. involutus, which appears in the D. multiradiatus Zone,
is the first representative of this group. Its cone is low and the column shows
regularly arranged fenestrae. In F. thomasii, which is seen to develop from
F. involutus in the time span corresponding to the upper part of the D.
multiradiatus Zone, the cone is transformed into a distally flaring cycle, and
the fenestrae become smaller.

LINEAGES IN THE HELIOLITHACEAE

5.a. Lineages in the genus Heliolithus (fig. 41)

Heliolithus elegans (Roth) nov. comb. is considered to be the first re-
presentative of the genus. The species appears in the F. tympaniformis Zone.
In our opinion the species evolved from Fasciculithus bitectus nov. sp. The
most essential transformation in this development is the change in the
orientation of the elements in the column: instead of being radially orientat-
ed they become arranged tangentially, and are oblique anti-clockwise in
distal view. As a result the sutures in the column acquire the same orienta-
tion as those in the median cycle and in the distal cycle (= dome in Fasciculi-
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thus). In addition the diameter of the median cycle increases, so that it
becomes visible in distal or proximal view.

The following trends can be observed in the H. elegans — H. cantabriae —
H. kleinpellii morphocline: (a) a decrease in the height of the column, (b)
an increase in the diameter of the distal cycle, (¢) the formation of a central
channel (opening).
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Fig. 41  Lineages in the genus Heliolithus.

H. megastypus (Bramlette and Sullivan) nov. comb. evolved from H.
cantabriae in the course of the D. mohleri Zone. In this development the
median cycle becomes considerably wider than the column, while the distal
cycle is reduced.

LINEAGES IN THE DISCOASTERACEAE

6.a. Lineages in Discoaster group 1 (species without a regular extinction
cross, fig. 42)

Discoaster bramlettei (Bukry and Percival) nov. comb., the first represen-
tative of this group of Discoaster is seen to evolve from Heliolithus elegans
(Bukry) nov. comb. in the time span corresponding to the upper part of the
H. kleinpellii Zone. In this change from Heliolithus to Discoaster the follow-
ing transformations took place (fig. 43): (a) reduction of the column and a
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change in position of its most distal part with regard to the other cycles, (b)
reduction of the distal cycle, and (c) an increase in the diameter of the
median cycle.

D. bramlettei shows a large variation in the structure of the centre; there
are forms with remnants of the column and the distal cycle, and the centre
may be open or closed. In somewhat later forms the number of elements
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decreases; they are transitional to D. mohleri.

In D. mohleri, D. nobilis and D. mediosus the outer parts of the rays be-
come free. In D. nobilis these parts are curved counter-clockwise in distal
view, while they are radial in D. mediosus.
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gip o D bramlettei
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S0/

f

Hypothetical form.
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distal
view

Fig. 43  The transition from Heliolithus elegans to Discoaster bramlettei.

D. falcatus and the closely related D. splendidus probably evolved from
D. nobilis. These thin species have a short range in the D. multiradiatus
Zone. The thin species in the other group of Discoaster occur in the same
stratigraphic interval.

D. ornatus, which appears in the T. contortus Zone, differs from D.
mohleri only in its narrow interradial incisions, but the origin of D. ornatus
poses a problem. The species in considered to have evolved from D. mohleri,
but no overlap in ranges was observed in our sections.

D. ornatus is thought to be ancestral to two other groups of Discoaster
found in the Eocene, the D. binodosus group and the D. deflandrei group. In
the former the arms show a terminal bifurcation with a sharp angle between
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both tips, and each arm has at least one set of paired, lateral nodes.

In D. binodosus, which starts its range in the zone named after this
species, the arms are relatively long and the nodes are situated close to the
central disc or near the middle of the arms. In D. gemmifer, D. cruciformis,
D. mirus and D. distinctus, which appear in the T. orthostylus Zone, the
nodes have shifted to a more terminal position. They coalesced with the
bifurcated tips of the arms in the first three species.

In the species belonging to the D. deflandrei group the arms also bifurcate,
but the terminal angle is obtuse. The arms are not ornamented. D. deflandrei,
the oldest species in this group, is thought to have evolved from D. bino-
dosus in the course of the D. binodosus Zone. D. deflandrei is in turn con-
sidered to be ancestral to D. colletii, which appears in the D. lodoensis Zone.
The rare D. nonaradiatus is probably closely related to D. colletii.

6.b. Lineages in Discoaster group 2 (species which show a regular extinction

cross, fig. 44)

The ancestor of this group is Heliolithus megastypus. D. multiradiatus, the
oldest species in the group, is seen to evolve from H. megastypus in the
course of the upper part of the D. mohleri Zone. In this transition the
changes in morphology are the same as those enumerated for the transition
from H. elegans to D. bramlettei: reduction of the column, reduction of the
distal cycle, increase in diameter of the median cycle, and rearrangement of
these structures.

The variation in the early representatives of D. multiradiatus is comparable
to the variation in the eatly forms of D. bramlettei; again there are variants
with remnants of the distal cycle and of the column, and the centre may be
open or closed. In the small D. lenticularis, which starts its range in the
D. multiradiatus Zone, the distal cycle is retained in a reduced form.

The closely related thin species, D. perpolithus and D. elegans, evolved in
the later part of the D. multiradiatus Zone from variants of D. multiradiatus
with a proximal stem. This stem is formed by an enlargement of the central
parts of the elements, in proximal direction; it is not homologous with the
column in Heliolithus.

The Eocene descendants of D. multiradiatus can be.divided into the D.
diastypus group and the D. barbadiensis group.

The species in the former group show both a proximal and a distal cone
(or stem). In the lineage D. diastypus — D. pacificus — D. lodoensis — D.
sublodoensis the following trends have been observed: (a) a decrease in the
number of rays (arms) from about 15 to 5 and, (b) a decrease in the dia-
meter and height of the proximal and distal cones (stems).
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The species in the D. barbadiensis group show only the proximal cone
(or stem). In the lineage D. barbadiensis — D. robustus — D. kuepperi the
maximum number of rays decreases from 18 to 12, and the diameter of the
proximal side of the proximal stem (or cone) increases.
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Fig. 44  Lineages in the genus Discoaster (Group 2, species with a regular extinction cross).

In the time equivalent of the D. binodosus Zone, D. barbadiensis is seen
to evolve from late forms of D. multiradiatus with a proximal stem. This
species is considered ancestral to D. saipanensis which appears in the D.
sublodoensis Zone, and to D. bifax which enters the record in the N. fulgens
Zone.
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6.c. The morphocline in D. multiradiatus

The investigation of the assemblages with D. multiradiatus gave the
impression that the number of rays in this species decreases in progressively
younger assemblages, a change already suggested by Moshkovitz (1967). In
order to test this hypothesis and to establish a possible relation with the
diameter of the nannoliths, 30 specimens were measured and the number
of rays counted in each of 8 samples from the Caravaca section and in 10
samples from Nahal Avdat. The numerical results are given in figures 45 and
46. From these figures the following, rough conclusions can be drawn: (a)
the mean number of rays decreases in progressively younger assemblages,
(b) the mean number of rays is generally more than 21 below the boundary
between the D. multiradiatus and T. contortus Zones; less than 21 above
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Fig. 45 The number of rays in assemblages (N = 30) of Discoaster multiradiatus in the D. multi-

radiatus- and T. contortus Zones in the Caravaca section, a. Histograms, b, Means.
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this boundary. No positive or negative correlation could be shown between
the number of rays and the diameter of the nannoliths. The diameter varies
from 9 to 17 p in the investigated samples.
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Fig. 46 The number of rays in assemblages (N = 30) of Discoaster multiradiatus in the D. multi-
radiatus- and T. contortus Zones in the Nahal Avdat section. a. Histograms, b. Means.

In addition two samples from the section near Pont Labau (S.W. France)
were incorporated in this study. Hay and Mohler (1967) assigned both these
samples (827 and 873) to the D. multiradiatus Zone. The mean number of
rays is 23.2 in sample 827, and 17.9 in sample 837 (see fig. 47). As the last
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figure is far below 21 this sample was suspected to belong to the T. contor-
tus Zone. After a long search this assignment was confirmed by the discovery
of two specimens of T. nunnii, which ranges from the lower boundary of the
T. contortus Zone upwards.
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Fig. 47 The number of rays in two assemblages (N = 30) of Discoaster multiradiatus from the
section at Pont Labau. a. Means, b. Histograms.

LINEAGES IN THE ZYGODISCACEAE (fig. 48)

7.a. Lineages in the genus Zygodiscus

Zygodiscus clausus nov. sp. is the first representative of the genus Zygo-
discus. The species enters the record in the D. mohleri Zone. Eatly specimens
show a closed central plate and a relatively wide bar. This bar makes a small
angle in clockwise direction with the X-axis of the coccolith in distal view.
In these early forms the bar is homogenous, and in the centre it can hardly
be differentiated from the central plate. In somewhat later forms the bar is
well differentiated and has rotated in a clockwise direction, in such a way
that it makes a small angle in counter-clockwise direction with the Y-axis.
The ultrastructure of the bar has also changed: the optical behaviour on one
side of the axis differs from that on the other side.

Z. adamas is seen to evolve from late forms of Z. clausus in the course of
the D. mohleri Zone. The most drastic change in this development is a tor-
sion of both longitudinal halves of the bar, which results in a diamond-
shaped, compact cross-structure in Z. adamas. Simultaneously with this pro-
cess the central plate opens at each side of the central structure. In early
specimens of Z. adamas the central cross is broad and the openings are small.
In later forms the cross is narrower and the openings are larger. At the peri-
phery the central plate bends in a distal direction to form a low margin.

Z. plectopons is seen to evolve from Z. adamas towards the end of the
D. mohleri Zone. In Z. plectopons the openings at each side of the narrow,
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central cross increase in size to such an extent that only a narrow strip of the
central plate is left. The margin is considerably higher than in Z. adamas; it is
also wider, probably because of the presence of a rim. The narrow, central
cross-bar makes a small angle with the Y-axis in anti-clockwise direction in
distal view. It is connected to the central plate along a V-shaped suture. In
the early, smaller specimens the crossed ultra-structure of the bar-like,
central cross is still recognizable in cross-polarized light; in later forms the
central structure consists of two parallel laths, separated by a median suture.
Z. plectopons is thought to be ancestral to Lophodolithus nascens.
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Fig. 48 Lineages in the family Zygodiscaceae.

7.b. Lineages in the genus Lophodolithus

In our opinion the following two structural changes took place in the
development from Z. plectopons to L. nascens in the course of the T. or-
thostylus Zone: (a) an increase in the height of the margin at one pole, (b)
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the formation of a flange, which is widest at the side where the margin is
highest. L. mochlophorus and L. reniformis are connected with L. nascens
in the T. orthostylus Zone; in the former species a crenulation of the flange
developed, in the latter there was a change in the outline.

L. nascens is considered to be the ancestor of Helicosphaera seminulum,
which makes its appearance in the upper part of the T. orthostylus Zone.
The essential change in this development is a bend of the margin and of
the flange in proximal direction. As a result of this curvature the wall be-
comes evenly concavo-convex, while the elements of the rim are orientated
in a helicoidal way.

7.c. Lineages in the genus Helicosphaera

Only two species belonging to Helicosphaera occur in the investigated
interval. H. lophota is seen to evolve from H. seminulum in the course of
the D. lodoensis Zone by an anti-clockwise rotation of the central bar.

For later lineages in the genus, the reader is referred to Haq (1973b).

THE MICULA — RHOMBOASTER — TRIBRACHIATUS LINEAGE (fig. 49)

8.a. Introduction

In our opinion the frequent occurrence of species of the Cretaceous
genus Micula in the Paleocene and Lower Eocene is not due to reworking.
It it thought that at least M. decussata survived the massive extinction at
the end of the Cretaceous.

Similarities in construction suggest that this species is ancestral to the
genera Rhomboaster and Nannotetrina.

8.b. The Micula-Rhomboaster lineage

In the lower part of the D. multiradiatus Zone nannoliths were found
with a thombohedral outline. They consist of several calcite units. This
Rhomboaster intermedia nov. sp. it considered transitional between M.
decussata (which is cube-shaped and composed of at least 8 elements) and
Rhomboaster bitrifida nov. sp. (which has the basic shape of a rhombohe-
dron, and which is composed of a single calcite unit).

In Rhomboaster intermedia six of the twelve edges are thickened: the
3—2, 3—4 and 3—3a edges, and the 1a—1, 1a—2a and 1a—4a edges. Rhom-
boaster bitrifida originated from R. intermedia in the course of the D.
multiradiatus Zone. This development included the following changes: (a)
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fusion of the elements to a single, homogenous calcite unit, (b) depression
of the faces and edges, and (c) “reduction” of the corners 3 and 1a, and
“prolongation” of the other six corners.

In R. calcitrapa, which is seen to evolve from R. bitrifida, these six corners
are elongated even further, so that spine-like protrusions are formed.
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Fig. 49 The Micula-Rhomboaster-Tribrachiatus lineage and the Micula-Nannotetrina lineage,

8.c. The Rhomboaster-Tribrachiatus lineage

A basic change in construction occurred in the development of the genus
Tribrachiatus from Rhomboaster: the two superposed, arrow-head-like struc-
tures in Rhomboaster are transformed into two superposed, triradiate struc-
tures in Tribrachiatus. The former corners 4, 2 and 3a form the upper
triradiate structure, the corners 1, 2a and 4a the lower one.
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The oldest species of Tribrachiatus is T. spineus, which probably evolved
from R. calcitrapa in the later part of the D. multiradiatus Zone. T. nunnii,
the index species for the lower boundary of the T. contortus Zone is thought
to have evolved from R. bitrifida.
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Fig. 50 Histograms (N = 30) showing the replacement in time of members of the Rhomboaster —
Tribrachiatus lineage in the Nahal Avdat section.
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8.d. The Tribrachiatus morphocline

In the T. nunnii — T. contortus — T. orthostylus morphocline the upper
triradiate structure rotates with respect to the lower one; the total angle of
rotation is 60°. The relative direction of this rotation can be deduced with
the aid of the slightly curved ridges on the arms; if the upper structure is
considered fixed, the rotation is clockwise. The upper and lower triradiate
structures become fused in a late stage of the rotation.

The first specimens of T. orthostylus occur in the uppermost part of the
T. contortus Zone. From the histograms of fig. 50 it can be concluded that
the species in this morphocline gradually replace each other.

8.e. Origin of the genus Nannotetrina and relations in this genus (fig. 49)

The oldest species of Nannotetrina is N. cristata, which appears in the
D. sublodoensis Zone. When a specimen of this species is looked at from the
closed, smooth side, the sutures appear slightly curved counter-clockwise. In
cross-polarized light, and with the gypsum plate, the second and fourth
quadrants are blue, and the others are yellow. The only other species which
shows a similar pattern of sutures and colours is Micula decussata, in proximal
or distal view and at a low focus level. Because of this similarity M. decus-
sata is considered to be ancestral to Nannotetrina.

N. cristata thus corresponds basically to one half of a specimen of M.
decussata; arbitrarily the smooth, closed side is considered distal.

N. fulgens is seen to evolve from N. cristata by an increase in the length
of the sides of the base in clockwise direction, so that spine-like projections
are formed. In certain variants of this species the sides of the base are reduc-
ed, which results in four-rayed forms (= Nannotetrina alata).

N. pappii is observed to follow from N. cristata by a clockwise rotation of
the bars and the sutures, in distal view. The species starts its range in the
N. fulgens Zone.
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Chapter VI

TAXONOMY

All species encountered in the investigated sections are discussed in this
chapter. For most genera the form and orientation of the extinction cross
as well as the colour distribution are given. The patterns are based on ob-
servations in a Leitz Orthoplan light microscope, which gives the real image
(not the inverted one, as is the case in some other L.M. types). The position
of the polarizers, and the orientation of the gypsum plate, as well as the posi-
tion of the n, and the n,, in this plate are given in fig. 4.

All descriptions refer to a standard orientation of the fossils with respect
to the polarization directions; unless otherwise stated these descriptions refer
to the distal side of the specimens. As a rule the convex side of a coccolith
is considered to be the distal side. The longer axis in elliptical coccoliths is
called X-axis, the shorter, Y-axis. Most descriptive terms are taken over from
Hay et al. (1966), Hay and Mohler (1967) and from the recommendations of
the “Round Table on Calcareous Nannofossils” (Farinacci, 1971), but for
several genera new descriptive terms are defined.

Calcareous nannofossils are here regarded as plant remains, and conse-
quently the rules of the I.C.B.N. are followed. Use was made of the “An-
notated Indexes and Bibliographies” of Loeblich and Tappan (1966-1973),
and the “Catalogue of Calcareous Nannofossils” (Farinacci, 1969—-1974).
The families, genera and species are dealt with in time order for an easier
review of the assumed lineages; an alphabetical index is given on page 180.
All samples, holotypes and paratypoids are stored in the micropaleontologi-
cal collection of the Utrecht State University.

KingdomPLANTAE Linné, 1753
Division HAPTOPHYTA v. d. Hoek, 1978
Class HapTOPHYCEAE Christensen, 1962

Ordo coccoLITHOPHORALES Schiller, 1926
Family BRAARUDOSPHAERACEAE Deflandre, 1947

Remarks: Nannoliths composed of five elements and showing a five-fold
symmetry belong to this family. The division in genera is based on charac-
teristics of the outer margin of the elements.
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Genus Braarudosphaera Deflandre, 1947

Type species: Pontosphaera bigelowi Deflandre, 1947
Remarks: This genus is restricted to nannoliths with five outward curving or
trapezoidal elements.

Braarudosphaera bigelowii (Gran and Braarud) Deflandre

Pontosphaera bigelowi Gran and Braarud, 1935, p. 338, fig. 67.

Braarudosphaera bigelowi (Gran and Braarud) Deflandre, 1947, p. 439, textfigs. 1—5;Haq, 1971, p. 41,
pl. 11, figs. 3, 4.
For further references see Haq, 1971a.

Remarks: The pentaliths of this well-known and easily identifiable species
show a considerable variation in size. Complete pentagondodekahedrals were
only found in the B. sparsus Zone in the Caravaca section.

Dimensions: diameter: 5—15 u.

Distribution: Spain: B. sparsus Zone — D. sublodoensis Zone; Israel: T.
orthostylus Zone — D. sublodoensis Zone; Scandinavia: B. sparsus Zone —
C. tenuis Zone.

Braarudosphaera alta nov. sp.
(pl. 2, fig. 3; pl. 9, figs. 2, 3)

Braarudosphaera aff. B, discula Bramlette and Riedel, 1954, Romein, 1977, p. 269, pl. 1, figs. 2a-c.

Derivation of name: From altus (lat.), high.

Description: This species of Braarudosphaera has a high, slightly tapering,
cylindrical body, composed of many parallel layers. Specimens show a
rounded to circular outline in distal or proximal view, and a square to
rectangular outline in side view.

Differential diagnosis: The species resembles Braarudosphaera discula Bram-
lette and Riedel in proximal or distal view, but the latter species consists of
only one layer of elements. Micrantholithus procerus Bukry and Bramlette
has a subelliptical outline in side view, and the elements show indentations.
The species might be confused (in side views) with species of Nannoconus;
these, however, show a helicoid arrangement of the elements.

Dimensions: height: 8—12 u, diameter: 8—10 u.

Holotype: T 360, pl. 2, fig. 3, sample SP566. C. primus Zone.

Type locality: Barranco del Gredero.

Stratum: Jorquera Formation Member B.

Age: Early Paleocene.

Paratypoids: T364a,b, pl. 9, figs. 2, 3, sample SP566.

Distribution: Spain: B. sparsus Zone, C. primus Zone.
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Genus Micrantholithus Deflandre, 1954
Type species: Micrantholithus flos Deflandre, 1950

Micrantholithus attenuatus Bramlette and Sullivan
Micrantholithus attenuatus Bramlette and Sullivan, 1961, p. 154, pl. 8, figs. 8, 9—11.

Reinarks: Only isolated, V-shaped elements of this species have been found.
Dimensions: length: 10-12 u.
Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone.

Micrantholithus crenulatus Bramlette and Sullivan

Micrantholithus crenulatus Bramlette and Sullivan, 1961, p. 155, pl. 9, figs. 3, 4; Sullivan, 1964,
p. 189, pl. 8, figs. 5—7; Sullivan, 1965, p. 39, pl. 8, fig. 6.

Remarks: This pentalith is composed of triangular elements with a crenulat-
ed outer margin. The Lower Cretaceous Micrantholithus hoschulzii (Rein-
hardt) Thierstein shows the same outline and composition, but this species
has not been reported from the Upper Cretaceous and the Lower Tertiary so
far.

Dimensions: diameter: 10—12 u.

Distribution: Spain: D. lodoensis Zone — N. fulgens Zone; Israel D. lodoen-
sis Zone — D. sublodoensis Zone.

Micrantholithus flos Deflandre

Micrantholithus flos Deflandre, 1950, p. 1157, textfigs, 8—11; Deflandre and Fert, 1954, p. 166, pl.
13, figs. 10, 11; textfigs. 113, 114; Bramlette and Sullivan, 1961, p. 155, pl. 9, fig. 8.

Remarks: The triangular elements of this pentalith are concave marginally,
and their sides are thickened.

Dimensions: diameter 12—13 u.

Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone.

Family Biscutaceak Black, 1971

Genus Biscutum Black, 1959

Type species: Biscutum testudinarium Black, 1959

Remarks: Black defined this genus as a group of imperforate coccoliths
composed of more than one layer of elements, which are closely appressed.
We now know too that the species are elliptical, that the elements at the
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poles of the ellipse (both in the distal and in the proximal shield) are larger
than the other elements, and that the extinction lines in the wall are dextro-

gyre.

Biscutum castrorum Black

(pl. 1, figs. 2, 3)

Biscutum castrorum Black, 1959, p. 326, pl. 10, fig. 2; Perch-Nielsen, 1968, p. 79, text-fig. 40; pl. 28,
figs. 1—5.

Coccolithus sp. B Edwards, 1967, pl. 1, figs. 10, 13.

Biscutum aff. B. castrorum Black, Perch-Nielsen, 1969b, p. 57, pl. 3, fig. 1.

Conococcolithus panis Edwards, 1973, p. 73, figs. 2—21.

Remarks: The shields of this long-elliptical species are composed of 18—27
elements. The elements of the distal shield slope outwards for most of their
length; near the central area they slope inwards. The sutures are subradial.
The elements of the proximal shield extend into and close the proximal
central area. Distally, this area is filled in with a single cycle of centrally
sloping, triangular elements.

B. castrorum differs from Biscutum constants (Gorka) Black, 1959 not
only in its larger size and in the higher number of elements, but also in the
different construction of the proximal central area: in B. constans the
proximal parts of the elements in the distal central area cycle extend into the
proximal central area (see Noél, 1970, pl. 33, figs. 1-10).

Dimensions: length: 57 .
Distribution: Istacl: B. sparsus Zone, C. primus Zone; Scandinavia: B. spar-
sus Zone — E. macellus Zone.

Biscutum parvulum nov. sp.
(pl. 1, fig. 10; pl. 2, figs. 1, 2)

Biscutum sp. Romein, 1977, p. 270, pl. 1, figs. 4a, b,

Derivation of name: From parvulus (lat.), small.

Description: The distal shield of this very small, elliptical coccolith is com-
posed of about 16 elements, separated by subradial, sometimes notched
sutures. The central area is closed by two rows of triangular elements, one on
each side of the longer axis of the ellipse. Each row consists of about eight
elements, sloping down to this axis. The spherical coccospheres are compos-
ed of about 16 coccoliths. Unfortunately, our attempts to obtain good
photographs of the proximal side failed.

Differential diagnosis: B. constans (Gorka) is larger than B. parvulum (57 u)
and has ovoid coccospheres. B. castrorum shows a higher number of ele-
ments (18—27).
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Dimensions: length of coccolith: 2—3 u; diameter of sphere: 5 u.

Holotype: T 359a, pl. 2, fig. 1, sample SP566, C. primus Zone.

Type locality: Barranco del Gredero.

Stratum: Jorquera Formation, Member B.

Age: Early Paleocene.

Paratypoid: T 359b, pl. 2, fig. 2, from sample SP566.

Distribution: Spain: B. sparsus Zone, C. primus Zone; Israel: B. sparsus
Zone, C. primus Zone.

Family ELLIPSAGELOSPHAERACEAE Noél, 1965

Genus Cyclagelosphaera Noél, 1965

Type species: Cyclagelosphaera margereli Noél, 1965

Remarks: This genus includes circular coccoliths, which are composed of a
distal shield with anti-clockwise oblique sutures, a monocyclic proximal
shield the elements of which almost reach the centre, and a central area
which is closed distally by one or two cycles of elements.

Cyclagelosphaera reinhardtii (Perch-Nielsen) Romein, 1977

Tergestiella barnesae (Black) Reinhardt, 1966, partim, p. 15, pl. 1, figs. 2a, b; pl. 12, fig. 2; pl. 23,
fig. 6; text-figs. 2a, b, c;non pl. 2, figs. 1a, b.

Markalius reinhardtii Perch-Nielsen, 1968, p. 76, pl. 23, figs. 6—8; text-fig. 38; Perch-Nielsen, 1969b,
p. 63, pl. 3, figs. 2—4; pl. 7, figs. 13, 14,

Cyclagelosphaera reinhardtii (Perch-Nielsen) Romein, 1977, p. 274.

Remarks: In distal view and between crossed nicols, the central area shows
strongly dextrogyre extinction lines; on the shiclds these lines widen to
radial, dark zones. The species can easily be differentiated from Markalius
astroporus (Stradner): in cross-polarized light the shields of C. reinhardtii
are bright, while they are faintly illuminated in M. astroporus; when the
gypsum plate is inserted, the blue and yellow zones in the shields in C,
reinhardtii continue in the central area, while they alternate in M. astroporus.
Dimensions: diameter: 5—8 p.

Distribution: Spain: B. sparsus Zone — D. multiradiatus Zone; Israel: B.
sparsus Zone — E. macellus Zone; Scandinavia: B. sparsus Zone — E. macel-
lus Zone.

Genus Markalius Bramlette and Martini, 1964

Type species: Cyclococcolithus leptoporus Murray and Blackman var. inver-
sus Deflandre and Fert, 1954.
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Remarks: Bramlette and Martini introduced this genus for circular coccoliths
composed of two closely appressed, monocyclic shields and a central “plug”
of elements; the sutures of the distal shield should be strongly oblique clock-
wise in distal view. Perch-Nielsen (1965) emended the genus in such a way
that two more species could be included in the otherwise monotypic genus
(M. reinhardtii and M. circumradiatus). These species, however, show anti-
clockwise oblique sutures in distal view, and a high, central cycle of ele-
ments, which is typical for species of Cyclagelosphaera.

Markalius astroporus (Stradner) Hay and Mohler
(pl. 1, fig. 7)

Cyclococcolithus astroporus Stradner, in Gohrbandt, 1963, p. 75, pl. 9, figs. 5—7; text-figs. 2a, b, 3.

Markalius inversus (Deflandre) Bramlette and Martini, 1964, partim, p. 302, pl. 2, figs. 4—9, non
pl. 7, fig. 2a; Martini, 1964, p. 49, pl. 6, figs. 9, 10; Perch-Nielsen, 1968, p. 72, pl. 24, figs. 1-8;
pl. 25, fig. 1; text-fig. 35.

Markalius astroporus (Stradner) Hay and Mohler, 1967, p. 1528, pl. 196, figs. 32--35; pl. 198, figs. 2,
6; Shafik and Stradner, 1971, p. 84, pl. 3, figs. 3, 4.

Markalius nielsenae Shumenko, 1976, p. 28, pl. 5, figs. 5, 6.

Remarks: Specimens show variation not only in the number of elements
(18-36), hut also in the size and the shape of the central area. The ratio
between the total diameter and the diameter of the central area varies from
4 to 2; the area may be open or closed.

M. astroporus and M. nielsenae are placed in synonomy because the
discriminatory feature (the presence of one cycle or two cycles in the central
area) is beyond the resolution power of the L.M.

In distal view and in cross-polarized light, the central area shows strongly
dextrogyre extinction lines. These become vague in the distal shield where
they bend in the opposite direction. In the same view but at a lower focus,
the proximal shield shows a vague, dextrogyre extinction figure.

Dimensions: diameter: 5—9 u.
Distribution: Spain: B. sparsus Zone — D. mohleri Zone; Israel: B. sparsus
Zone — C. tenuis Zone; Scandinavia: B. sparsus Zone — E. macellus Zone.

Genus Cruciplacolithus Hay and Mohler, 1967

Type species: Heliorthus tenuis Stradner, 1961
Synonym: Campylosphaera
Description:
Shape: The species in this genus are (sub)elliptical in plane view and con-
cavo-convex in side view.,
Construction: The species are constructed with a wide or narrow, com-
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posite margin, surrounding a central area which is bridged by a central
cross-structure parallel, or almost parallel to the axes of the ellipse.

Margin: The margin is composed of three cycles of elements: an inward
sloping wall, surrounded by an outward sloping, composite distal shield,
which lies upon a proximal shield, which also slopes outwards.
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Wall: Tn distal view this cycle shows anti-clockwise imbricating elements,
separated by anti-clockwise oblique sutures. In proximal view, the outer strip
of the wall is covered by the inner strip of the proximal shield. The inner
strip of the wall shows anti-clockwise oblique sutures in this view.

Distal shield: This shield is composed of a distal cycle and a narrower
proximal cycle. These cycles are free-standing over most of their width, but
they fuse near the wall. The proximal cycle is closely appressed with the
proximal shield.

In distal view the distal cycle shows clockwise imbricating elements, se-
parated by clockwise oblique sutures.

In proximal view the elements of the proximal cycle show anti-clockwise
imbrication and anti-clockwise oblique sutures in the strip which is not
covered by the proximal shield. :

Proximal shield: This shield is somewhat narrower than the proximal
cycle of the distal shield. In proximal view it shows clockwise imbricating
clements, separated by clockwise oblique sutures.

Central structure: This structure has the form of a cross. The four bars
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are generally straight, normal to and bisecting each other. The cross is at-
tached to the lower distal side of the wall. It is composed of calcite plates
stacked one on top of the other. The bars in the direction of the X-axis are
called the X, -bars, those in the direction of the Y-axis the Y, -bars.

Specific criteria: The species are based on (a) the degree of vaulting of the
coccolith, and (b) the form and orientation of the central cross.

Standard orientations:

Distal view: Convex side upwards; X-axis of the coccolith parallel to the
X-cross-hair,

Side view: X-axis of the coccolith parallel to the X-cross-hair; convex

side of the coccolith pointing to the positive direction of the Y-cross-hair.
Extinction lines: These lines are sharpest in the wall and in the proximal
shield, and they are vague in the distal shield. The lines are laevogyre in
distal view. In the standard orientation for distal view, imaginary lines
connecting the extinction lines in opposite quadrants in the wall form an
angle of about 20° with the Y-axis and of a few degrees with the X-axis,
both in anti-clockwise direction.
Colour distribution: In the standard orientation for distal view the sectors
enclosed by the extinction lines in the margin, along the X-axis, are blue,
the others yellow. In the same orientation the Y, -bars are blue, the others
yellow.

In the standard orientation for side view the left cross-section of the distal

shield and the right crosssections of the wall and the proximal shield are
blue; the other sections are yellow.
Differential diagnosis: In the closely related genus Chiasmolithus, the wall
lies in a more distal position with respect to the distal shield than in Cruci-
placolithus. In our opinion the position of this cycle is a better diagnostic
feature than the position of the central cross. The construction of the margin
in Ericsonia is basically the same as in Cruciplacolithus, but in the former
genus the central area is open.

Cruciplacolithus primus Perch-Nielsen s.l.

Coccolithus helis Stradner. Bramlette and Martini, 1964, partim, p. 298, pl. 1, figs. 10—12, non
pl. 7, figs. 5, 6; Martini, 1964, p. 48, pl. 6, figs. 5, 6; Moshkovitz, 1967, p. 148, pl. 2, fig. 1; pl. 5,
fig. 11.

Non Coccolithus helis Stradner, in Gohrbandt, 1963, p. 74, pl. 8, fig. 16; pl. 9, figs. 1, 2; Edwards,
1966, text-figs. 9, 12; Radomski, 1968, p. 600, pl. 45, figs. 17, 18.

Cruciplacolithus primus Perch-Nielsen, 1977, p. 746, pl. 17, figs. 7, 8; pL. 50, figs. 11, 12.

Cruciplacolithus aff. C. tenuis (Stradner) Hay and Mohler, Romein, 1977, p. 271, pl. 1, fig. 6.

Remarks: Perch-Nielsen introduced this name for small forms of Cruciplaco-
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lithus, which have a simple crossstructure without feet, which is orientated
along the axes of the ellipse. The name is used here in a wider sense to in-
clude forms which share the characteristics of the cross-structure but which
have larger dimensions. The number of elements in the margin varies from
25 to 66.

Dimensions: length: 3—10 p.

Distribution: Spain: C. primus Zone — E. macellus Zone; Israel: C. primus
Zone — E. macellus Zone; Scandinavia: C. primus Zone, C. tenuis Zone.

Cruciplacolithus edwardsii nov. sp.
(pl. 2, figs. 7, 8; pl. 9, figs. 9,10)
Coccolithus helis Stradner, Edwards, 1966, text-fig. 9, 12.

Chiasmolithus helis (Stradner) Locker, 1968, pl. 1, figs. 3, 4.
Cruciplacolithus tenuis (Stradner) Hay and Mohler, Roth, 1973, pl. 13, fig. 2; pl. 17, fig. 1.

Description: This species of Cruciplacolithus is characterized by a central
cross, the bars of which make an angle in clockwise direction with the axes
of the ellipse in distal view. The angles XX, and YY, are generally smaller
in earlier forms of this species than in later ones (see chapter IV). The num-
ber of elements in the margin is about 60.

Remarks: In a strict sense these forms should be assigned to the genus Chias-
molithus. Here they are placed in Cruciplacolithus since especially the earlier
forms still have a typical Cruciplacolithus-like margin.

Differential diagnosis: The species differs from Chiasmolithus consuetus in
having longer bars, which are not normal to each other, and from Chias-
molithus danicus in having non-curved, more slender bars.

Dimensions: length: 610 .

Holotype: T361, pl. 2, fig. 7, from sample SP590, P. dimorphosus Zone.
Type locality: Barranco del Gredero.

Stratum: Jorquera Formation, Member B.

Age: Early Paleocene.

Paratypoids: T 362, pl. 2, fig. 8; T 366a, b, pl. 9, figs. 9, 10, sample SP590.
Distribution: Spain: C. primus Zone — C. tenuis Zone; Israel: C. primus
Zone — C. tenuis Zone; Scandinavia: C. primus Zone — C. tenuis Zone.

Cruciplacolithus tenuis (Stradner) Hay and Mohler

Heliorthus tenuis Stradner, 1961, p. 84, text-figs. 64, 65.

Coccolithus helis Stradner, in Gohrbandt, 1963, p. 74, pl. 8, fig. 16;pl. 9, figs. 1, 2 (all proximal views
and not distal ones as indicated by Gartner, or mirror images).

Cruciplacolithus tenuis (Stradner) Hay and Mohler, 1967; Hay and Mohler, 1967, p. 1527, pl. 196,
figs. 29—31 (proximal views and not distal ones as indicated by Hay and Mohler, or mirror images);
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pl. 198, figs. 1, 17;Perch-Nielsen, 1972, pl. 4; Haq and Lohmann, 1976, pl. 3, figs. 3, 4.
Cruciplacolithus notus Perch-Nielsen, 1977, p. 746, pl. 17, fig. 4; pl. 50, fig. 2.

Remarks: As in C. primus, the bars of the central cross are aligned with the
major axes of the ellipse. In C. tenuis, however, the tips of the bars show
triangular protrusions (feet). These feet always point anti-clockwise in distal
view. In the standard orientation for distal view the optical behaviour of a
foot is opposite to that of the adjacent bar.

Our investigation of the holotype of H. tenuis from Haidhof (kindly pro-
vided by Dr. Stradner) revealed that this specimen has feet. However, in his
drawing of the holotype Stradner did not indicate their presence.
Dimensions: length: 714 p.

Distribution: Spain: C. tenuis Zone — D. mohleri Zone; Israel: C. tenuis
Zone — D. multiradiatus Zone; Scandinavia: C. tenuis Zone, E. macellus
Zone.

Cruciplacolithus latipons nov. sp.
(pl. 9, figs. 7, 8)

Derivation of name: from latus (lat.), broad, and pons (lat.), bridge.
Description: The relatively wide margin of this rather flat species is com-
posed of about 40 elements. The wall is narrow with respect to the distal
shield. The small central opening is almost closed by the central cross struc-
ture, which is aligned with the major axes of the ellipse.

In cross-polarized light, the shields and the cross structure show a low
birefringence, but the wall is bright. The bars show small black dots (which
probably indicates the presence of pores) and a vague median extinction line.
Differential diagnosis: The species differs from C. primus in the wider bars,
and from C. tenuis in the absence of feet. C. eodelus has more slender bars,
and shows a stronger distal vaulting.

Dimensions: length: 5-8 u.

Holotype: T 365a, pl. 9, fig. 7, from sample SP614, F. tympaniformis Zone.
Type locality: Barrenco del Gredero.

Stratum: Jorquera Formation, Member C.

Age: Middle Paleocene.

Paratypoid: T 365b, pl. 9, fig. 8, sample SP614.

Distribution: Spain: E. macellus Zone — D. multiradiatus Zone; Israel: E.
macellus Zone.
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Cruciplacolithus frequens (Perch-Nielsen) nov. comb.
(pl. 9, fig. 6)

Chiasmolithus frequens Perch-Nielsen, 1977, p. 746, pl. 18, figs. 2, 4; pl. 19, figs. 1, 3, 5; pl. 50, fig. 5,
6.

Remarks: The bars of the central cross have feet, which point counter-clock-
wise in distal view, as in C. tenuis. The species differ in the orientation of the
cross: in C. frequens it makes an angle of up to 15° with the axes of the
ellipse in anti-clockwise direction in distal view.

The number of elements in the margin varies from 50 to 66. The cocco-
liths are assigned to the genus Cruciplacolithus because of the Cruciplaco-
lithus-like construction of the margin.

Dimensions: length: 12—14 p.
Distribution: Spain: D. mohleri Zone — D. multiradiatus Zone; Israel: D.
multiradiatus Zone.

Cruciplacolithus eodelus (Bukry and Percival) nov. comb.
Campylosphaera eodela Bukry and Percival, 1971, p. 125, pl. 1, figs. 14,

Remarks: This species differs from C. delus (Bramlette and Sullivan) nov.
comb. in the lower number of elements in the margin, in its smaller size and
in its more elliptical outline. Transitional forms between both species occur
frequently in the T. contortus Zone.

Dimensions: length: 610 u.

Distribution: Spain: D. multiradiatus Zone — T. contortus Zone; Israel: T.
contortus Zone.

Cruciplacolithus cribellus (Bramlette and Sullivan) nov. comb.

Coccolithites cribellum Bramlette and Sullivan, 1961, p. 151, pl. 7, figs. 5, 6.

Coccolithus cribellum (Bramlette and Sullivan) Sullivan, 1964, p. 181, pl. 3, fig. 5; Sullivan, 1965,
p. 31, pl. 3, figs. 1—4; Stradner, 1969, p. 412, pl. 85, figs. 5—8.

Ericsonia cf. E. cribella (Bramlette and Sullivan) Perch-Nielsen, 1972, p. 1020, pl. 4, fig. 6.

Remarks: The margin of this species is composed of 27 to 45 elements. The
central area is closed by a perforated plate, consisting of four sub-plates join-
ed along the diagonals. The circular pores (6—18) are arranged in such a way
that “bridges” are formed along the main axes of the ellipse. The number of
pores is lower, and the diameter of the central area is smaller in earlier forms
than in later ones. In most specimens, however, the pores are obscured by
overgrowth.

In the standard orientation for distal view, and with the gypsum plate, a
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sector shaped like an egg-timer along the X-axis, bordered by the diagonals
and the wall, is blue, the other sectors in the central area are yellow.

C. cribellus might be a junior synonym of Discolithus fenestratus Deflan-
dre and Fert, 1954; in our opinion, however, the T.E.M. micrograph of the
holotype of the latter species is of too bad a quality to place the species in
synonomy.

Dimensions: length: 614 u.
Distribution: Spain: D. multiradiatus Zone — N. fulgens Zone; Israel: D.
binodosus Zone — D. sublodoensis Zone.

Cruciplacolithus delus (Bramlette and Sullivan) Perch-Nielsen

Coccolithus delus Bramlette and Sullivan, 1961, p. 151, pl. 7, figs. 1, 2; Sullivan, 1964, p. 180, pl. 1,
figs. 8, 9.

Cyathosphaera crux (Deflandre) Hay and Towe, 1961, p. 507, pl. 2, fig. 1.

Coccolithus delus (Bramlette and Sullivan) Perch-Nielsen, 1967, p. 22, pl. 1, figs. 1-3.

Campylosphaera dela (Bramlette and Sullivan) Hay and Mohler, 1967, p. 1531, pl. 198, fig. 14; Strad-
ner, 1969, p. 414, pl. 85, figs. 1—4.

Cruciplacolithus delus (Bramlette and Sullivan) Perch-Nielsen, 1971d, p. 22, pl. 13, figs. 7, 8; Perch-
Nielsen, 1972, pl. 4, fig. 2;Haq and Lohmann, 1976, pl. 9, fig. 3.

s

Remarks: This species is easily distinguished from others in the genus by its

subquadrangular outline, and strong distal vaulting. The margin is composed

of 50—70 elements. The slender bars are normal to each other and make a

small angle with the axes of the ellipse in clockwise direction in distal view.
The extinction lines in the wall show an irregular pattern, probably be-

cause of the steepness of the wall. With the gypsum plate, the second and

fourth quadrants of the wall, and the Y -bars are blue.

Dimensions: length: 8—12 u.

Distribution: Spain: T. contortus Zone — N. fulgens Zone; Israel: T, contor-

tus Zone — D. sublodoensis Zone.

Genus Ericsonia Black, 1964

Type species: Ericsonia occidentalis Black 1964
Introduction

In 1964 Black introduced the genus Ericsonia for “circular or elliptical
coccoliths with a well-defined central opening, surrounded by three or more
apparently concentric rings of granules, which are differently orientated in
adjacent rings”. The holotype of the type species was depicted in proximal
view, and probably the generic definition refers only to the proximal side.
The holotype, a tracing of which is given above, shows the following three
cycles: 1. an outer cycle with subradial sutures, 2. a median cycle with
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counter-clockwise oblique sutures; the elements imbricate anti-clockwise,
3. an inner cycle showing clockwise imbricating elements, separated by
clockwise oblique sutures.

proximal side

Tracing of E.occidentalis Black

It is assumed here that cycle 1 represents the proximal side of the distal
shield. As for the other cycles two possibilities exist: (a). cycle 2 represents
the proximal shield, and cycle 3 the proximal side of the wall, or (b). cycle
2 represents the (rather wide) proximal cycle of the distal shield, and cycle 3
the proximal shield. In this case the wall should have disappeared. The latter
interpretation seems to be the most likely one, as the other species assigned
to Ericsonia by Black (E. alternans, E. ovalis) show four cycles, the inner-
most one of which is the proximal side of the wall. If this interpretation is
true, Ericsonia differs from Coccolithus by the presence of a well differen-
tiated proximal cycle of the distal shield, which projects beyond the proximal
shield.

Strictly speaking, Ericsonia is a junior synonym of Coccolithus. The type
species C. pelagicus (lectotype, designated by Braarud et al., 1964) shows
three cycles in proximal view: distal shield, proximal shield and wall. Tt
seems justifiable, however, to retain the name Ericsonia for a group of
Paleocene and Eocene coccoliths, which have a well differentiated proximal
cycle of the distal shield.

In addition, we prefer to avoid the “loaded” name Coccolithus Schwarz,
1894, of which the type species C. oceanicus Schwarz, 1894 was proposed
“for all the forms hitherto described, recent and fossil, and for which the
clays from the Lias of the Dorset coast were designated: as the type locality
(Braarud et al., 1964)”".

Description:

Shape: The species in this genus are subelliptical or circular in plan view

and concavo-convex in side view.
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Construction: The species are composed of a wide or narrow, high or low,
composite margin, surrounding an open central area. The margin shows
basically the same construction as in Cruciplacolithus.

Specific criteria: The species are based on the outline of the coccolith and on
the relative position, form and height of the wall.

Standard orientations: See under Cruciplacolithus.

Extinction lines: In elliptical species the extinction pattern is the same as
in Cruciplacolithus. In circular species imaginary lines connecting the gyres
in opposite quadrants make an angle of about 20° with the polarization
directions, anti-clockwise in distal view.

Colour patterns: In elliptical species the colour pattern is the same as in
Cruciplacolithus. In circular species the second and the fourth quadrants are
blue, the other two are yellow.

Differential diagnosis: The difference between Ericsonia and Coccolithus was
already indicated in the introduction. The genus differs from Cruciplaco-
lithus and Chiasmolithus in the open central area.

Ericsonia cava (Hay and Mohler) Perch-Nielsen
(pl. 2, fig. 4, 5)
Coccolithus sp. Martini, 1964, p. 49, pl. 6, figs. 7, 8; pl. 7, figs. 9, 10.
Coccolithus cavus Hay and Mohler, 1967, p. 1524, pl. 196, figs. 1—3; pl. 197, figs. 5, 7, 10, 12; Perch-

Nielsen, 1969a, p. 322, pl. 33, figs. 3—6; Roth, 1973, p. 729, pl. 14, figs. 1, 2, 4, 5.
Ericsonia cava (Hay and Mohler) Perch-Nielsen, 1969b, p. 61, pl. 2, figs. 7, &.

Remarks: The wall and the shields of this elliptical to subcircular species are
composed of 30 to 46 elements. Distally, the wall overlaps the inner strip of
the distal shield.

E. cava can be distinguished from E. eopelagica by its steeper distal shield,
the overlap of the wall on the distal shield, and by its smaller size.
Dimensions: length: 3—7 u.

Distribution: Spain: C. primus Zone — E. macellus Zone; Israel: P. dimor-
phosus Zone — C. tenuis Zone; Scandinavia: C. tenuis Zone — E. macellus
Zone.

Ericsonia subpertusa Hay and Mohler

(pl. 2, fig. 6)

Markalius inversus (Deflandre) Bramlette and Martini, 1964, partim, p. 302, pl. 7, figs. 2a, b, non pl. 2,
figs. 4—9.

Ericsonia subpertusa Hay and Mohler, 1967, p. 1531, pl. 198, figs. 11, 15, 18; pl. 199, figs. 1-3;
Roth, 1973, p. 730, pl. 12, fig. 5; Haq and Lohmann, 1976, pl. 1, figs. 7, 8; Perch-Nielsen, 1977,
pl. 16, fig. 3.
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Ericsonia aff. E. subpertusa Hay and Mohler, Perch-Nielsen, 196 9a, partim, p. 325, text-fig. 4, non
text-fig. 3.
Ericsonia? subpertusa Hay and Mohler, Perch-Nielsen, 1969b, p. 62, pl. 2, figs. 1, 2.

Remarks: The number of elements in the margin of this species varies from
36 to 50. The distal shield shows a steep outward slope. The inner, distal
side of this shield is covered by the elements of the gently inward sloping
wall. This wall is composed of strongly clockwise imbricating, plate-like ele-
ments. The sutures are oblique clockwise near the centre, and bend in the
opposite direction at about half their length. The opposite direction of the
sutures in the wall and the distal shield produce a characteristic herringbone
pattern in the L.M.

distal cycle distal

distal Shie’d}margin
proximal cycle ]| Shield

wall

proximal shield
wall

E.subpertusa

wall

distal cycle distal
proximal cycle shield

proximal shield

cross- section
+-nicols, 1A, standard orientation

distal
+-nicols, 1A

Another typical feature of the species is the “focus effect” in cross-
polarized light. As in all other species in the genus, the wall and the proximal
shield are bright. When the species is observed from the distal side, and if the
focus is raised, the outer margin of the bright zone does not remain in the
same place as in all other species of Ericsonia, but shifts outwards. This is
a reflection of the fact that the outer margin of the wall projects beyond
that of the proximal shield.

Dimensions: diameter: 4—9 u.

Distribution: Spain: C. tenuis Zone — D. multiradiatus Zone; Israel: C.
tenmis Zone — T. contortus Zone; Scandinavia: C. tenuis Zone, E. macellus
Zone.
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Ericsonia eopelagica (Bramlette and Riedel) nov. comb.

Tremalithus eopelagicus Bramlette and Riedel, 1954, p. 392, pl. 38, figs. 2a, b.

Coccolithus eopelagicus (Bramlette and Riedel) Bramlette and Sullivan, 1961, p. 141; Hay, Mohler and
Wade, 1966, p. 385, pl. 1, fig. 1; Haq and Lohmann, 1976, pl. 8, figs. 10—12; pl. 13, figs. 3, 4.

Coccolithus crassus Bramlette and Sullivan, 1961, p. 139, pl. 1, figs. 4a-d; Sullivan, 1964, p. 180, pl. 3,
figs. 4a, b.

Coccolithus sarsiae Black, 1962, p. 125, pl. 8, fig. 2; pl. 9, figs. 2—6.

Coccolithus muiri Black, 1964, p. 309, pl. 50, figs. 5, 6.

Ericsonia ovalis Black, 1964, p. 312, pl. 52, figs. 3, 4; Haq, 1968, p. 21, pl. 1, figs. 4—9; pl. 2, figs.
1-4; pl. 4, figs. 1, 2; Edwards, 1972, pl. 6, figs. 5, 6.

Ericsonia occidentalis Black, 1964, p. 311, pl. 52, figs. 1, 2.

Coccolithus lithos Hay, Mohler and Wade, 1966, p. 385, pl. 1, figs. 6—9.

Ericsonia insolita Perch-Nielsen, 1971, p. 13, pl. 1, fig. 1; pl. 7, figs. 4, 6; pl. 61, figs. 14, 15.

Coccolithus pelagicus (Wallich) Schiller. Wise and Wind, 1977, pl. 9, figs. 5, 6.

Remarks: Bramlette and Riedel introduced this species for large sized cocco-
liths (1620 u) which have a high number of elements in their margin (up to
60). The name is used here in a wider sense to include similarly constructed
Paleocene coccoliths which have a smaller size and a lower number of ele-
ments (28—46).

Dimensions: length: 5-20 u.

Distribution: Spain: E. macellus Zone — N. fulgens Zone; Israel: E. macellus
Zone — D. sublodoensis Zone; Scandinavia: E. macellus Zone.

Ericsonia robusta (Bramlette and Sullivan) Perch-Nielsen

Cyclolithus? robustus Bramlette and Sullivan, 1961, p. 141, pl. 2, fig. 7.
Heliolithus sp. Wind and Wise, 1977, partim, p. 296, pl. 14, figs. 46, non pl. 13, figs. 5, 6.
Heliolithus sp. Wind and Wise, 1977, p. 296, pl. 13, figs. 3, 4; pl. 14, figs. 7—10.
Ericsonia cf. E. robusta (Bramlette and Sullivan) Perch-Nielsen, Perch-Nielsen, 1977, partim, pl. 16,
figs. 1, 4, 5, non pl. 16, fig. 6.
Non Ericsonia robusta (Bramlette and Sullivan) Perch-Nielsen, 1977, p. 774, pl. 16, figs. 2, 7.
Remarks: The wall and the shields of this circular species are composed of
50 to 60 elements. The slightly inward sloping wall covers the distal shield
almost completely. The wall shows hook-shaped sutures, which are oblique
clockwise for their larger part. The subvertical distal shield shows slightly
clockwise oblique sutures.
In proximal view the following cycles can be observed (from the centre
outwards):
(a) the inner strip of the wall, with anti-clockwise oblique sutures,
(b) the proximal shield with clockwise oblique sutures,
(c) the proximal cycle of the distal shield with anti-clockwise oblique
sutures,
(d) the proximal side of the distal cycle of the distal shield, with anti-clock-
wise oblique sutures,
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(e) (in oblique proximal view) the outer strip of the wall, with anti-clock-

wise oblique sutures.

The ratio between the diameter of the central opening and the width of

the margin varies from 5 to 1.

In the standard orientation for distal view, imaginary lines connecting the
dextrogyre extinction lines make an angle of about 30° with the polarization
directions in clockwise direction. With the gypsum plate, the second and the

fourth quadrants are blue.

The species differs from E. subpertusa in the more distal position of the
wall and in the opposite direction of the larger part of the sutures in this

wall,

distal

E.robusta

+-nicols, 1a

wall
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proximal cycie ] shield
proximal shield
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cross-section
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In their illustrations of the distal side of Heliolithus sp. (pl. 14, figs. 5, 6)
and of Heliolithus sp. A (pl. 14, figs. 7, 8), Wind and Wise depicted the

proximal side of E. robusta.
Dimensions: diameter: 8—12 u.

Distribution: Spain: D. multiradiatus Zone; Israel: D. mohleri Zone — D.

multiradiatus Zone,

Ericsonia universa (Wind and Wise) nov. comb.

(pl. 10, fig. 14)

Heliolithus sp. Wind and Wise, 1977, partim, p. 296, pl. 13, figs. 5, 6, non pl. 14, figs. 4—6.
Heliolithus universus Wind and Wise, 1977, p. 296, pl. 12, figs. 1—6; pl. 13, figs. 1, 2; pl. 14, figs. 1-3.
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Remarks: The high, distally flaring wall is characteristic of this species,
which has 40 to 60 elements in its margin. The sutures in the wall are obli-
que clockwise. The distal shield can be observed in oblique distal view: its
elements imbricate counter-clockwise, and they are separated by clockwise
oblique sutures.

W.a” ’5‘33\‘}’\’))/)\,),;;}; St el
distal syedeef ;'—\\ %/,/l proximal shield
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//’////////l”\.

proximal

E.universa

distal cycle }distal
proximal cycle [ shield

cross-section
+-nicals, 1a, standard orientation

In proximal view the following cycles can be seen (from the centre out-
wards):
(a) the relatively narrow proximal shield with clockwise oblique sutures,
(b) the wide, somewhat flaring, proximal cycle of the distal shield with

counter-clockwise oblique sutures.

The height of the wall is variable, and intermediate forms between this
species and E. robusta occur in the D. mohleri Zone.

The extinction and colour patterns are the same as in E. robusta.

In their illustrations of this species (as H. universus), Wind and Wise
depicted the proximal side in pl. 14, figs. 2, 3.
Dimensions: diameter: 8—16 u.
Distribution: Spain: D. multiradiatus Zone; Israel: D. mohleri Zone — D.
multiradiatus Zone.

Ericsonia pacificana (Bukry) nov. comb.

Coccolithus? sp. Radomski, 1968, p. 568, pl. 46, figs. 3, 4.
Striatococcolithus pacificanus Bukry, 1971b, p. 323, pl. 7, figs. 3—8.
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Remarks: In proximal view this narrow elliptical species shows a configura-
tion which is typical for Ericsonia, but in distal view a different construction
can be observed. The species has no wall. Instead the distal shield slopes
steeply inwards near the natrow, elliptical opening (as in M. astroporus).
Near the centre the sutures are oblique clockwise; at about one third of their
length they bend in the opposite direction. The number of elements in the
margin varies from 38 to 45.

Since the extinction and colour patterns are comparable to those in
Ericsonia, the species is transferred to this genus.
Dimensions: length: 8—14 y.
Distribution: Spain: T. contortus Zone — N. fulgens Zone; Israel: D. bino-
dosus Zone — D. sublodoensis Zone.

Ericsonia formosa (Kamptner) nov. comb.

Cyathosphaera diaphragma Hay and Towe, 1962, partim, p. 510, pl. 6, figs. 2, 5, non pl. 6, figs. 1, 3,
4,6.

Cyclococcolithus formosus Kamptner, 1963, p. 163, pl. 2, fig. 8; Reinhardt, 1967, p. 209, pl. 1, figs.
3,4,7,8;pl 6, figs. 3, 6; text-fig. 11;Haq and Lohmann, 1976, pl. 8, fig. 7; pl. 1, fig.'12.

Coccolithus lusitanicus Black, 1964, p. 308, pl. 50, figs. 1, 2.

Ericsonia alternans Black, 1964, p. 312, pl. 50, fig. 4; Perch-Nielsen, 1971, p. 11, pl. 1, figs. 9—11;
Edwards and Perch-Nielsen, 1975, pl. 11, fig. 11,

Cyclococcolithus lusitanicus (Black) Hay, Mohler and Wade, 1966, p. 390, pl. 7, figs. 3—6; Bramlette
and Wilcoxon, 1967, p. 103, pl. 3, figs. 16, 17.

Cyclococcolithus orbis Gartner and Smith, 1967, p. 4, pl. 4, figs. 1-3.

Cyclococcolithina formosa (Kamptner) Wilcoxon, 1970, p. 82; Gartner, 1971, p. 109; Edwards,
1973a, pl. 7, figs. 1-5.

Cyclococcolithina lusitanica {Black) Wilcoxon, 1970, p. 82.

Coccolithus formosus (Kamptner) Wise, 1973, p. 593, pl. 4, figs. 1—6.

Remarks: This circular to subcircular species of Ericsonia shows 40 to 50
elements in each of its margin cycles. It differs from E. eopelagica only in
its more circular outline. The distal edges of the wall and the distal shield
lie at the same level, while in E.subpertusa the wall is superposed on the
distal shicld. Intermediate forms between E. eopelagica and E. formosa
occur in the T. contortus Zone,

Dimensions: diameter: 6--11 u.

Distribution: Spain: T. contortus Zone — N. fulgens Zone; Israel: D. bino-
dosus Zone — D. sublodoensis Zone.

Genus Chiasmolithus Hay, Mohler and Wade, 1966

Type species: Tremalithus oamaruensis Deflandre, 1954
Description:
Shape: The species in this genus are subelliptical in plane view and con-
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cavo-convex in side view.

Construction: The species are constructed with a wide or narrow, compo-
site margin, which surrounds an open central area spanned by a central cross-
structure.

Margin: As in Cruciplacolithus the margin is composed of a composite
distal shield, a wall and a proximal shield with an equal number of elements.
The directions of imbrication, and the directions of the sutures in the differ-
ent cycles are also the same as in Cruciplacolithus. In Chiasmolithus, how-
ever, the wall lies in a more distal position with respect to the shields, and
generally it slopes more steeply inwards than in Cruciplacolithus.

In some species the wall shows triangular projections into the central area

(teeth).
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Central area: The central area is spanned by a distally vaulting, modified
X- or H-shaped cross-structure. The bars of this structure are never parallel
to the axesof the ellipse. They are attached to the lower distal side of the
wall. The bars in the direction of the X-axis are called X, -bars, those in the
direction of the Y-axis, Y, -bars. On the basis of the construction of the bars
two groups can be distinguished (Gartner, 1970):

Group 1: The cross-bars are composed of tabular calcite elements stacked
one on the top of the other. In cross-polarized light the bars react as homo-
geneous units.

Group 2: Distally, the bars are organized in a different way than proxim-
ally: distally they show lath-like elements, parallel to the axis of the bar;
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proximally the elements are perpendicular to, and interfinger with each
other along this axis. In cross-polarized light the bars show an extinction
line along the axis, which gives them a split appearance.

Species of this group may show a minutely perforated plate in the inter-
areas between the bars.
Standard orientations and extinction lines: See under Cruciplacolithus.
Colour distribution: The distribution of the blue and yellow sectors in the
margin is the same as in Cruciplacolithus. In the species belonging to group
1 the colours of the bars are the same as in Cruciplacolithus; in group 2 they
are opposite on either side of the median extinction line.
Differential diagnosis: Chiasmolithus differs from Cruciplacolithus in the
more distal position of the wall with respect to the shields; in addition the
bars of the central cross are never aligned with the major axes of the ellipse.

Chiasmolithus danicus (Brotzen) Bramlette and Martini

(pl. 3, fig. 1)

Cribrosphaerella danica Brotzen, 1959, p. 25, text-fig. 9/1-8.

Coccolithus danicus (Brotzen) Bramlette and Martini, 1964, p. 298, pl. 1, figs. 15, 16; Martlm 1964,
p. 48, pl. 6, figs. 3, 4.

Chiasmolithus danicus (Brotzen) Hay and Mohler, 19672, p. 1526, (non pl. 196, figs. 16, 21, 22;
pl. 198, figs. 8, 12, 13); Gartner, 1970, p. 942, pl. 10; Perch-Nielsen, 1972, pl. 4, figs. 3, 5; Haq
and Lohmann, 1976, pl. 3, figs. 5-7.

Non Chiasmolithus danicus (Brotzen) Hay and Mohler, Roth, 1973, p. 732, pl. 13, figs. 3—5.

Remarks: Each cycle in the margin is composed of 50 to 60 elements. The
bars of the central cross are wide and sturdy, so that they almost close the
central area. The Y, -bars are strongly curved clockwise in distal view, in
such a way that the central parts are subparallel to the X-axis of the ellipse.
The angle XX, varies from 23° to 39°; the angle YY,, from 16° to 38°
(clockwise in distal view).

The bars are composed of plate-like and lath-like elements, both distally
and proximally; in cross-polarized light they display a pattern which is inter-
mediate between that of species of group 1 and group 2.

Dimensions: length: 9-12 u.
Distribution: Scandinavia: C. tenuis Zone — E. macellus Zone.

GROUP 1

Chiasmolithus consuetus (Bramlette and Sullivan) Hay and Mohler

Coccolithus consuetus Bramlette and Sullivan, 1961, p. 139, pl. 1, figs. 2a-c; Stradner, in Gohrbandt,
1963, p. 74, pl. 8, figs. 10-13,
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Chiasmolithus consuetus (Bramlette and Sullivan) Hay and Mohler, 1967, partim, p. 1526, pl. 198,
fig. 16, non pl. 196, figs. 23—25; Gartner, 1970, p. 942, fig. 9; Perch-Nielsen, 1977, pl. 19, figs.
2,4,6.

Chiasmolithus bidens (Bramlette and Sullivan) Hay and Mohler, 1967a, partim, p. 1526, pl. 196, figs.
14,15,17,non pl. 197, figs. 4, 9, 14,

Chiasmolithus danicus (Bramlette and Sullivan) Hay and Mohler, 1967a, partim, p. 1526, pl. 198, figs.
12,13, non pl. 196, figs. 16, 21, 22; pl. 198, fig. 8.

Remarks: The wall and the shields of this species are each composed of 44 to
50 elements. The line along which the wall and the distal shield meet has a
characteristic serrated appearance in the L.M. The ratio between the width
of the distal shield and the width of the wall varies from 2 to 3.

The bars of the central cross seem to be straight and perpendicular to
each other in the L.M. S.E.M. micrographs, however, reveal that the X, -bars
are slightly curved and that they are somewhat offset in the centre, in anti-
clockwise direction. The bars form an angle with the main axes of the ellipse
in clockwise direction; this angle varies from 20° to 55° (generally about
45°), and it is not dependent on size or stratigraphic level.

Early specimens are small, but sizes increase in higher stratigraphic levels.
Dimensions: length: 512 .

Distribution: Spain: E. macellus Zone — N. fulgens Zone; Israel: E. macellus
Zone — D. sublodoensis Zone.

Chiasmolithus californicus (Sullivan) Hay and Mohler

Coccolithus aff. C. gigas Bramlette and Sullivan, 1961, p. 140, pl. 1, figs. 7a-d.

Coccolithus californicus Sullivan, 1964, p. 180, pl. 2, figs. 3, 4.

Chiasmolithus californicus (Sullivan) Hay and Mohler, 1967a, p. 1527, pl. 196, figs. 18—20; pl. 198,
fig. 5; Gartner, 1970, p. 941, fig. 8; Haq and Lohmann, 1976, pl. 9, fig. 7; pl. 3, fig. 9.

Chiasmolithus danicus (Brotzen) Hay and Mohler, 1967a, partim, p. 1526, pl. 196, figs. 16, 21, 22,
non pl. 198, figs. 8, 12, 13.

Remarks: C. californicus shows the same construction as C. consuetus; the
species differ only in their size (C. californicus has about 60 elements in its
margin cycles). The angles XX; and YY, vary over the same range as in
C. consuetus,

Dimensions: length: 1317 p.

Distribution: Spain: T. contortus Zone — D. sublodoensis Zone; Israel: D.
multiradiatus Zone — T. orthostylus Zone.

Chiasmolithus titus Gartner
Chiasmolithus titus Gartner, 1970, p. 945, fig. 17,

Remarks: This species is very similar to C. consuetus, but it differs in the
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markedly dextrogyre-curved X, -bars. As a consequence of this curvature the
bars are almost parallel to the Y, -bars. The species differs from C. solitus in
the non-split character of the bars.

Dimensions: length: 7—9 u.

Distribution: Spain: N. fulgens Zone.

GROUP 2

Chiasmolithus bidens (Bramlette and Sullivan) Hay and Mohler

Coccolithus bidens Bramlette and Sullivan, 1961, p. 139, pl. 1, fig. 1; Stradner, in Gohrbandt, 1963,
p. 72, pl. 8, figs. 1, 2; Sullivan, 1964, p. 180, pl. 1, fig. 10,

Chiasmolithus bidens (Bramlette and Sullivan) Hay and Mohler, 1967a, partim, p., 1526, pl. 197, figs.
4,9, 14, non pl. 196, figs. 14, 15, 17; Gartner, 1970, p. 941, pl. 7; Edwards, 1973a, pl. 5, figs. 5, 6;
Perch-Nielsen, 1977, pl. 18, figs. 5, 6.

Chiasmolithus consuetus (Bramlette and Sullivan) Hay and Mohler, 1967a, partim, p. 1526, pl. 196,
figs. 23, 24, 25, non pl. 198, fig. 16.

Chiasmolithus solitus (Bramlette and Sullivan) Locker, 1968, pl. 1, figs. 5, 6.

Chiasmolithus eograndis Perch-Nielsen, Haq and Lohmann, 1976, pl. 9, fig. 11.

Chiasmolithus cf. C. eograndis Perch-Nielsen, Wise and Wind, 1977, pl. 9, figs. 2, 3.

Remarks: The wall and the shields are each composed of 51 to 75 elements.
In the central cross-structure the Y, -bars are in an even line, but the X, -bars
are centrally offset, anti-clockwise, in distal view. The angles XX; and YY,
vary from 40° to 50° in clockwise direction. In well preserved specimens the
inter-areas between the bars are closed by perforated plates.

The species owes its name to two tooth-ike projections of the wall into
the central area. These teeth are placed symmetrically with respect to the X-
axis. In early populations of the species the teeth are absent; in progressively
later populations, which are generally composed of somewhat larger forms,
small indentations, and later, teeth occur.

Dimensions: length: 6—13 u.
Distribution: Spain: E. macellus Zone — D. multiradiatus Zone; Israel: E.
macellus Zone — T. contortus Zone; Scandinavia: E. macellus Zone.

Chiasmolithus eograndis Perch-Nielsen

(pl. 3, fig. 2)

Chiasmolithus eograndis Perch-Nielsen, 1971d, p. 16, pl. 10, figs. 5, 6; pl. 13, figs. 1—4; pl. 60, figs.
17, 18; Edwards and Perch-Nielsen, 1975, pl. 6, figs. 6,10, 14, 15; pl. 7, figs. 4, 7.

Remarks: The wall and the shields of this species are constructed of 60--100
elements each. In typical specimens the more or less Hshaped central
structure has wide bars, which almost close the central area. The species may
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be hard to differentiate from C. bidens and C. grandis. S.E.M. micrographs
have revealed the presence of perforated plates in the interareas.
Dimensions: length: 11-13 p.

Distribution: Spain: T. contortus Zone — D, lodoensis Zone; Israel: D. bino-
dosus Zone — T. orthostylus Zone.

Chiasmolithus solitus (Bramlette and Sullivan) Locker

Coccolithus solitus Bramlette and Sullivan, 1961, p. 140, pl. 2, fig. 4; Sullivan, 1964, p. 181, pl. 1, fig.
13.

Chiasmolithus solitus (Bramlette and Sullivan) Locker, 1968, p. 221, pl. 1, figs. 5, 6; Gartner, 1970,
p. 945, fig. 16; Perch-Nielsen, 1971d, p. 21, pl. 11, fig. 1; pl. 12, figs. 1-5; pl. 13, fig. 5; pl. 14,
fig. 11; pl. 60, figs. 19, 20.

Remarks: The rather high wall and the relatively narrow shields are com-
posed of 46 to 60 elements each. The Y, -bars are straight and make an angle
with the Y-axis in clockwise direction in distal view. The X, -bars are curved
dextrogyre.

In cross-polarized light the wall is very bright, and the shields are only
faintly illuminated.
Dimensions: length: 12 u.
Distribution: Spain: D. lodoensis Zone — N. fulgens Zone; Israel: T. contor-
tus Zone — D. sublodoensis Zone.

Chiasmolithus grandis (Bramlette and Riedel) Radomski

Coccolithus grandis Bramlette and Riedel, 1954, p. 391, pl. 38, fig. 1; Deflandre, in Deflandre and
Fert, 1954, p. 152, text-fig, 48;Bramlette and Sullivan, 1961, p. 140, pl. 2, figs. 13,

Chiasmolithus grandis (Bramlette and Riedel) Radomski, 1968, p. 560, pl. 44, figs. 3, 4; Gartner,
1970, p. 944, figs. 11/3; 14; Perch-Nielsen, 19714, p. 18, pl. 9, figs. 1, 2; pl. 10, fig. 4; pl. 60, figs.
1,2.

Remarks: This large species of Chiasmolithus has 80 to 100 elements in its
high, steeply inward sloping wall and in its relatively narrow shields. Charac-
teristic is the presence of four teeth; imaginary lines connecting these teeth
in opposite quadrants, make a small angle with the main axes of the ellipse,
anti-clockwise in distal view.

The X, -bars are curved dextrogyre, the Y, -bars laevogyre, in distal view.
Dimensions: length: 1624 u.
Distribution: Spain: T. orthostylus Zone — N. fulgens Zone; Israel: D. bino-
dosus Zone — D. sublodoensis Zone.
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Chiasmolithus expansus (Bramlette and Sullivan) Gartner

Coccolithus expansus Bramlette and Sullivan, 1961, p. 139, pl. 1, fig. 5; Sullivan, 1965, p. 32, pl. 2,
fig. 5;Hay, Mohler and Wade, 1966, p. 366.

Chiasmolithus expansus (Bramlette and Sullivan) Gartner, 1970, p. 943, fig. 11/1, 2; Perch-Nielsen,
1971d,p.17,pl. 9, fig. 3; pl. 10, figs. 1—3; pl. 11, fig. 5; pl. 60, figs. 9, 10,

Remarks: The high wall and the relatively narrow shields are each composed
of a large number of elements (60—80). The slender, strongly distally arching
bars of the central structure are curved in such a way that the central part is
more or less parallel to the X-axis of the ellipse. The species differs from C.
grandis, mainly in the absence of teeth; as a consequence, overgrown speci-
mens are hard to differentiate from C. grandis.

Dimensions: length: 1520 u.

Distribution: Spain: T. orthostylus Zone — N. fulgens Zone; Israel: T.
orthostylus Zone — D. sublodoensis Zone.

Chiasmolithus gigas (Bramlette and Sullivan) Gartner

Coccolithus gigas Bramlette and Sullivan, 1961, p. 140, pl. 1, fig. 7; Sullivan, 1965, p. 32, pl. 2, fig. 6.
Chiasmolithus gigas (Bramlette and Sullivan) Gartner, 1970, p. 943, figs. 12, 13/1a-.

Remarks: This large species has about 50 elements in its wall and in its wide
shields. The curved bars in the relatively small central area make a small
angle with the main axes of the ellipse in clockwise direction, in distal view.
Dimensions: length: 20—24 u.

Distribution: Spain: N. fulgens Zone.

Family AHMUELLERELLACEAE Reinhardt, 1965 emend. Hoffmann, 1970

Genus Placozygus Hoffmann, 1970
Type species: Glaukolithus fibuliformis Reinhardt, 1964

Placozygus sigmoides (Bramlette and Sullivan) nov. comb.

(pl. 1, fig. 8)

Zygodiscus sigmoides Bramlette and Sullivan, 1961, p. 149, pl. 4, figs. 11a-e; Bramlette and Martini,
1964, p. 303, pl. 4, figs. 4, 5; Perch-Nielsen, 1969b, p. 65, pl. 5, figs. 1—3; Haq and Lohmann,
1976, pl. 3, figs. 1, 2; Wise and Wind, 1977, p. 309, pl. 43, figs. 5,6. .

Zygodiscus simplex Bramlette and Sullivan, 1961, p. 151, pl. 6, figs. 19—22; Hay and Mohler, 1967a,
partim, p. 1532, pl. 200, figs. 2, 3, 5, non pl. 199, figs. 11, 15, 22; pl. 200, fig. 6; pl. 201, fig. 3.

Zygodiscus adamas Bramlette and Sullivan, Stradner, in Gohrbandt, 1963, p. 76, pl. 9, figs. 13, 14.

Remarks: The margin of this species is composed of a low wall, surmounted
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by a high rim. The wall consists of plate-like, non imbricating elements; the
rim of strongly inclined, clockwise imbricating elements.

The basal part of the distally arching bar is also formed by non imbricat-
ing plate-like elements. The distal part consists of two bundles of rod-like
elements, which meet in the centre. Each bundle makes a small angle with
the Y-axis, in anti-clockwise direction; this produces the sigmoid pattern of
the bar in the L.M.

The central spine is composed of helicoidally arranged, short, lath-like
elements. In most of our specimens the spine has broken off.

Typical specimens of the species are relatively flat, they show large
openings at each side of the bar, and their length varies from 7 to 9 . In
the Paleocene, variants occur, which are thicker, which have a wider wall and
rim, and smaller openings. Their length varies from 12 to 14 p. The species
is transferred to the genus Placozygus because of the construction of the bar
and the margin. The extinction lines in the margin are dextrogyre in distal
view.

Dimensions: length 7—14 .
Distribution: Spain: C. primus Zone — T. contortus Zone; Israel: C. primus
Zone — T. contortus Zone; Scandinavia: C. primus Zone — L. macellus Zone.

Family NOELAERHABDACEAE Jerkovi¢, 1970

Remarks: The type genus of the family Prinsiaceae (Hay and Mohler, 1967)
was designated by Edwards (1973b); the name Noélaerhabdaceae, introduc-
ed by Jerkovi¢, 1970 for this group of coccoliths has, however, priority.

Genus Prinsius Hay and Mohler, 1967

Type species: Coccolithus bisulcus Stradner, 1963
Description:

Shape: The species in this genus are subelliptical to circular in plane view,
and concavo-convex in side view. )

Construction: The species have a relatively wide, composite margin, which
surrounds a fully or partly closed central area.

Margin: The margin is composed of a thick, composite distal shield and a
thin proximal shield. Both shields slope outwards, and are constructed of
an equal number of elements.

Distal shield: This shield consists of a thick distal cycle and a somewhat
smaller and thinner proximal cycle. The cycles are free-standing over most
of their width, but they coalesce near the central area. The distal cycle
shows slightly clockwise imbricating elements, separated by subradial to

118



slightly clockwise oblique sutures.

In proximal view, the sutures are subradial in both cycles.

Proximal shield: This shield is smaller than, and closely appressed with,
the proximal cycle of the distal shield. The sutures are subradial in proximal
view. The longish, wedge-shaped elements bend in distal direction near the
central area; somewhat higher up they bend again, now in centro-lateral
direction to close the central area.

distal shield distal
shield
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- lower | distal eycle
z
// : distal cyele ] distal
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cross-section
+-nicols, 1A, standard orientation
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Central area: The central area is closed by two, partly superposed cycles
of elements: an upper centro-distal cycle and a lower one.

Lower centro-distal cycle: This cycle has a serrated outline. It covers the
inner edge of the distal shield, and it slopes outwards to the upper, central
part of the proximal shield. The central part of this cycle is covered by the
upper centro-distal cycle. The sutures between the elements are strongly
oblique clockwise in distal view. The number of elements equals that in the
shields.

Upper centro-distal cycle: This gently inwards sloping cycle has a some-
what smaller diameter than the lower one. It is composed of irregularly
shaped elements, which close or almost close the central area. Proximally
the cycle is in contact with the central part of the proximal shield. The num-
ber of elements in the cycle is generally lower than in the other cycle.
Specific criteria: The species are based on the outline and on the construc-
tion of the central area.

Standard orientations

Distal view: Convex side of coccolith upwards; X-axis parallel to the X-

cross-hair.
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Side view: X-axis parallel to the X-cross-hair; convex side pointing to the
positive direction of the Y-cross-hair.

Extinction lines: The lines are most distinct in the central area, and vague in
the shields. In the central area they are strongly dextrogyre in distal view.
In circular species the lines are straight in the central part of the central
area; they make a small angle with the polarization directions, anti-clockwise
in distal view.

Colour patterns: In the standard orientation for distal view, the sectors in
the central area enclosed by the extinction lines, along the X-axis are blue;
the others are yellow.

In the standard orientation for side view, the left cross-section of the
distal shield and the right cross-section of the upper centro-distal cycle are
blue; the other sections are yellow.

Differential diagnosis: Prinsius differs from the closely related Toweius in
the essentially closed central area and in the irregular arrangement of the
elements in the upper centro-distal cycle. :

Prinsius petalosus (Ellis and Lohman) nov. comb.

Toweius petalosus Ellis and Lohman, 1973, p. 107, pl. 1, figs. 1-11; Romein, 1977, p. 275, pl. 2,
figs. Sa-c.

Remarks: The shields of this extremely small species are composed of 9 to
17 elements. The distal central area is filled in by a crown of petaloid ele-
ments, which are separated by anti-clockwise oblique sutures in distal view.

The species is transferred to the genus Prinsius because of its small size,
the low number of elements in the shields, and its behaviour in cross-polariz-
ed light.

In the uppermost part of the C. primus Zone, specimens with reduced
crowns occur; they are considered as transitional forms between P. petalosus
and P. dimorphosus type 1.

Dimensions: length of coccolith: 1-2 u; diameter of coccosphere: 6—8 u.
Distribution: Spain: C. primus Zone — P, dimorphosus Zone.

Prinsius dimorphosus (Perch-Nielsen) Perch-Nielsen
(pl. 3, figs. 3—6)

Coccospheres, in Bramlette and Martini, 1964, p. 320, pl. 1, figs. 19, 20.

Vollstindiges Gehaus, Martini, 1964, p. 52, pl. 7, figs. 5, 6.

Fossil coccosphere, in Black, 1965, p. 132, fig. 3.

Biscutum? dimorphosum Perch-Nielsen, 19692, p. 318, pl. 32, figs, 1—3a, 4; text-fig, 1; Perch-Nielsen,
1969b, p. 57, pl. 4, figs. 6—12.

Biscutum dimorphosum Perch-Nielsen, Perch-Nielsen, 1972, pl. 8, fig. 2.

Prinsius dimorphosus (Perch-Nielsen) Perch-Nielsen, 1977, p. 794, pl. 30, figs. 1013,
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Remarks: As already indicated by its name, two types of coccoliths can be
distinguished in this species; both types were found to occur on the same
coccosphere (Perch-Nielsen, 1969a, text-fig. 1).

Specimens of type 1 have a circular outline. They show 9 to 11 elements
in their shields and central area. When viewed from the distal side, the
sutures in the distal shield have the form of a modified Z; they are slightly
oblique clockwise for most of their length, but they bend in the opposite
direction near the central area. Thus a kind of peg-in-hole connection exists
between the elements. The distal central area, except for a small central
pore, is closed by a cycle of triangular elements.

In proximal view three cycles are visible: the distal cycle of the distal
shield, the proximal cycle of the distal shield, and the proximal shield. The
latter two cycles are closely appressed.

The elements of the proximal shield are widest near the outer margin of
the coccolith, and they narrow towards the centre, where they bend in distal
direction. The elements extend to the inner edge of the distal shield; their
distal terminations can be observed in distal views of specimens in which
the distal central area elements have disappeared (pl. 3, fig. 4). The elements
of the proximal shield may form a grill-like structure in the proximal central
area.

Dimensions: diameter: 2—3 pu.

Distribution: Spain: P. dimorphosus Zone — C. tenuis Zone; Israel: P,
dimorphosus Zone — E. macellus Zone; Scandinavia: C. tenuis Zone — E.
macellus Zone.

Specimens of P. dimorphosus type 2 differ from those of type 1 in having
a more elliptical outline, a higher number of elements in their shields (11—
13), and in the presence of two superposed cycles of elements in the distal
central area (upper an lower centro-distal cycle). The elements of the proxi-
mal shield form a grilllike structure in the centre.

Dimensions: length: 2—3 u.
Distribution: Scandinavia: C. tenuis Zone, E. macellus Zone.

Prinsius martinii (Perch-Nielsen) Haq
(pl. 3, figs. 7, 8)

Ericsonia? martinii Perch-Nielsen, 1969a, p. 324, pl. 32, figs. 3b, 5-7; text-fig. 2; Perch-Nielsen,
1969b, p. 61, pl. 4, figs. 13, 14.

Prinsius martinii (Perch-Nielsen) Haq, 1971a, partim, p, 18, pl. 5, figs. 2, 3, 5, 10, non pl. 5, fig. 1;
Edwards, 1973b, p. 86, fig. 83; Haq and Lohmann, 1976, pl. 1, fig. 5; pl. 14, figs. 1, 2; Perch-
Nielsen, 1977, pl. 30, fig. 3.

Remarks: This elliptical species differs from P. dimorphosus type 2 in the
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higher number of elements in the shields (25—32), and in its larger dimen-
sions. The central area is distally closed by the irregularly arranged elements
of the upper centro-distal cycle, and proximally by the central part of the
proximal shield.

Dimensions: length: 45 u.

Distribution: Spain: C. tenuis Zone — D. mohleri Zone; Israel: C. tenuis
Zone — D. mohleri Zone; Scandinavia: C. tenuis Zone — E. macellus Zone.

Prinsius bisulcus (Stradner) Hay and Mohler

Coccolithus bisulcus Stradner, in Gohrbandt, 1963, p. 72, pl. 8, figs. 3—6; text-fig. 3.
Prinsius bisulcus (Stradner) Hay and Mohler, 1967, p. 1529, pl. 196, figs. 10—13; pl. 197, fig. 6; Roth,
1973, p. 732, pl. 17, fig. 2; Wise and Wind, 1977, pl. 6, figs. 3—6.

Remarks: In the L.M., in normal light, the species is characterized by the
presence of darker lines along the X-axis, one at each pole of the central
area. S.E.M. micrographs indicate that these lines represent fissures between
the elements in the upper centro-distal cycle. The fissures probably coincide
with sutures in the underlying proximal shield.

Up to six pores are present in the central area and are arranged along the
sutures in the upper centro-distal cycle. These pores are thought to cor-
respond to openings in the proximal shield.

The shields and the lower centro-distal cycle are composed of 35—40 ele-
ments.

Dimensions: length: 6—10 u.
Distribution: Spain: E. macellus Zone — D. multiradiatus Zone; Israel: E.
macellus Zone — D. mohleri Zone; Scandinavia: E. macellus Zone.

Genus Toweius Hay and Mohler, 1967

Type species: Toweius craticulus Hay and Mohler, 1967
Description:

Shape: The species are elliptical, subcircular or circular in plane view, and
concavo-convex in side view.

Construction: The species are composed of a relatively wide, composite
margin, and two modified, partly superposed cycles of elementsin the central
area.

Margin: The margin is composed of a thick, composite distal shield and a
thin proximal shield. Both shields slope outwards and consist of an equal
number of elements.

Distal shield: This shield consists of a thick distal cycle and a thinner and
smaller proximal cycle, which are free-standing over most of their width but
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which coalesce near the central area.

The elements of the distal cycle imbricate clockwise in distal view; the
sutures are subradial to slightly oblique anti-clockwise.

In proximal view the sutures in the distal cycle are oblique anti-clockwise,
and those in the proximal cycle clockwise.

Proximal shield: This shield is closely appressed with the proximal cycle
of the distal shield. The shield bends in distal direction near the central area,
and somewhat higher up it takes part in the formation of a perforated
central plate. The sutures are oblique anti-clockwise in proximal view.
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Central area: As stated above, the proximal side of the central area is
closed by the proximal shield. Distally, the area is closed by an upper and a
lower centro-distal cycle. The number of elements in these cycles equals that
in the shield.

Lower centro-distal cycle: This cycle slopes steeply inwards; probably
it fuses with the proximal shield in the centre. The cycle has a serrated out-
line and covers the inner margin of the distal shield. The lath-like elements
in the cycle are separated by strongly clockwise oblique sutures. The larger
part of this cycle is covered by the upper centro-distal cycle.

Upper centro-distal cycle: The surface of this thick cycle slopes gently
inwards, but the sides are steep. Internally, the elements imbricate anti-clock-
wise; more distally the elements bend and become imbricated clockwise. At
the surface of the cyle the sutures are slightly oblique clockwise. The cycle
may be pierced by pores or openings. At its base, the cycle is closely ap-
pressed with the proximal shield.
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Specific criteria: The species are based on the size of the coccolith, the
number and form of the openings in the central area, and the number of
centro-distal cycles.

Standard orientations

Distal view: X-axis parallel to the X-cross-hair; concave side of coccolith
downwards.

Side view: X-axis parallel to the X-cross-hair; convex side in the positive
direction of the Y-cross-hair.

Extinction lines: The lines are sharper in the central area than in the shields.
In the former area they are strongly dextrogyre, in the latter laevogyre. In
circular species the lines in the central area form an angle of about 20° with
the polarization directions, counter clockwise, in distal view.

Colour patterns: In the standard orientation for distal view, the sectors in
the central area enclosed by the extinction lines, and along the X-axis, are
blue; the other sectors are yellow.

In the standard orientation for side view the left cross-section of the distal

shield, and the right cross-section of the upper centro-distal cycle are blue,
the other sections are yellow.
Differential diagnosis: The genus differs from the closely related genus
Prinsius in the thicker, and more regularly constructed upper centro-distal
cycle. It also differs from the closely related genera Reticulofenestra, Cri-
brocentrum and Dictyococcites in the arrangement of the pores in the
central area, in the presence of two centro-distal cycles (the other genera
have only one cycle), and in the smaller degree of imbrication of the ele-
ments in the upper cycle of the distal shield.

Toweius pertusus (Sullivan) nov. comb.

(pl. 3, fig. 9)

Coccolithus pertusus Sullivan, 1965, p. 32, pl. 3, figs. 5, 6.

Toweius craticulus Hay and Mohler, 1967, p. 1530, pl. 196, figs. 7—9; pl. 197, figs. 2, 3; Edwards and
Perch-Nielsen, 1975, pl. 3, figs. 3, 6, 8, 9; pl. 8, fig. 2;Haq and Lohmann, 1976, pl. 1, figs. 9—-11;
Perch-Nielsen, 1977, pl. 30, fig. 4.

Toweius helianthus (Hay and Towe) Hay and Mohlet, 1967, p. 1530, pl. 197, fig. 8.

Toweius sp. Perch-Nielsen, 1971, p. 32, pl. 8, figs. 1—4, 7; Perch-Nielsen, 1972, pl. 7, figs. 1, 2; Perch-
Nielsen, 1977, pl. 30, figs. 5, 8, 9.

Ericsonia robusta (Bramlette and Sullivan) Edwards and Perch-Nielsen, 1975, pl. 8, fig. 2.

Remarks: The pores in the thick, upper centro-distal cycle of this elliptical
to oval species are arranged in a single or double cycle. Their number varies
from 6 in early populations to 24 in later ones. Eatrly specimens show
furrows along the X-axis; they are transitional between T. pertusus and
P. bisulcus.
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Dimensions: length (diameter): 4—9 u.
Distribution: Spain: F. tympaniformis Zone — T. orthostylus Zone; Israel:
E. macellus Zone — D. binodosus Zone.

Toweius eminens (Bramlette and Sullivan) Gartner s.l.
(pl. 4, fig. 1)

Coccolithus eminens Bramlette and Sullivan, 1961, p. 139, pl. 1, fig. 3; Radomski, 1968, p. 564, pl.
45, figs. 7, 8.

Cruciplacolithus eminens (Bramlette and Sullivan) Hay and Mohler, 1967, partim, p. 1527, pl. 196,
figs. 26—28, non pl. 198, figs. 9, 10.

Toweius eminens (Bramlette and Sullivan) Gartner, 1971, p. 114, pl. 5, figs. 4—6;Haq and Lohmann,
1976, pl. 4, fig. 1; Wise and Wind, 1977, p. 296, pl. 5, figs. 1-3.

Toweius tovae Perch-Nielsen, 1971c, p. 359, pl. 13, figs. 13, 5; pl. 14, figs. 8, 9; Wise and Wind,
1977, p. 296, pl. 5, fig. 6; pl. 6, fig. 1.

Remarks: The species is characterized by the presence of 4 to 7 large,
radially arranged, triangular openings in the upper centro-distal cycle. Perch-
Nielsen (1971c) separated forms with 6 or 7 openings from T. eminens (with
4 openings), giving them the name 7. tovae. In our opinion, the variation in
the number of openings represents intraspecific variation.

Intermediate forms between this species and T. pertusus occur frequently
in the D. mohleri Zone.
Dimensions: length (diameter): 6—8 .
Distribution: Spain: D. mohleri Zone — T. contortus Zone; Israel: D. mohleri
Zone - T. contortus Zone.

Toweius occultatus (Locker) Perch-Nielsen

Coccolithus occultatus Locker, 1967, p. 764, pl. 1, fig. 5; pl. 2, figs. 9, 10.

Toweius occultatus {Locker) Perch-Nielsen, 1971a, p. 32, pl. 17, figs. 1, 2, 4, 7; pl. 18, fig. 6.

Toweius callosus Perch-Nielsen, 1971a, p. 31, pl. 17, figs. 3, 5, 6; pl. 18, fig. 5; pl. 61, figs. 32, 33;
Edwards and Perch-Nielsen, 1975, pl. 3, fig. 12; pL. 6, fig. 9.

Toweius cf., T. occultatus (Locker) Perch-Nielsen, Edwards and Perch-Nielsen, 1975, pl. 3, fig. 13.

Remarks: The upper centro-distal cycle of this species shows a variable
degree of reduction: forms with two to four, inwards projecting remnants
of this cycle occur, as well as forms with a large or small, smooth and cit-
cular opening.

Forms, intermediate between this species and T. eminens occur frequently
in the D. multiradiatus Zone.
Dimensions: diameter: 6—8 u.
Distribution: Spain: T. contortus Zone — D. lodoensis Zone; Israel: D. multi-
radiatus Zone — D, lodoensis Zone.
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Toweius gammation (Bramlette and Sullivan) nov. comb.

(pl. 4, figs. 4, 5)

Coccolithites gammation Bramlette and Sullivan, 1961, p. 152, pL. 7, figs. 7, 14.
Cyclococcolithus gammation (Bramlette and Sullivan) Sullivan, 1964, p. 181, pl. 3, fig. 7.
Markalius sp. Wise and Constans, 1977, pl. 1, figs. 3, 4.

Remarks: The lower centro-distal cycle and the shields are each composed
of 41 to 60 elements. This circular species differs from all others in the genus
in the absence of both the upper centro-distal cycle, and the proximal cycle
of the distal shield. The elements of the proximal shield may or may not
close the central area. The forms have been assigned to Toweius because of
the extinction pattern. Intermediate forms between this species and 7.
occultatus have been observed in the D. binodosus Zone.

Dimensions: diameter: 58 u.

Distribution: Spain: D. binodosus Zone — N. fulgens Zone; Israel: D. bino-
dosus Zone — D. sublodoensis Zone.

Toweius magnicrassus (Bukry) nov. comb.

(pl. 4, figs. 2, 3)
Coccolithus magnicrassus Bukry, 1971, p. 309, pl. 2, figs. 1-5.

Remarks: This large and robust, elliptical to subcircular species has 55—80
elements in each of its cycles. The upper centro-distal cycle surrounds an
irregular to smooth elliptical central opening. The presence of a reticule in
this opening is suspected, but T.E.M. or S.E.M. micrographs of well-preserved
specimens are not yet available. The species differs from T. occultatus in its
larger size and in the relatively wider shields. The species was transferred to
Toweius because of its construction and extinction pattern.

Dimensions: length (diameter): 10—16 u.

Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel: D.
binodosus Zone — D. sublodoensis Zone.

Genus Reticulofenestra Hay, Mohler and Wade, 1966

Type species: Reticulofenestra caucasica Hay, Mohler and Wade, 1966
Description: ‘ ’

Shape: The species are subelliptical in plane view, and concavo-convex in
side view.

Construction: The coccoliths in this genus have a relatively wide margin
and a central area closed by a narrow, inner cycle of elements and by a
central reticule.
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Margin: The slightly outwards sloping margin is composed of a composite
distal shield and a smaller proximal shield. The number of elements is the
same in both shields.

Distal shield: This shield is constructed of a thick distal cycle and a thinner
proximal cycle. The cyles are free, and widely spaced over most of their
width, but they fuse near the central area. In distal view the distal cycle
shows strongly clockwise imbricating elements, separated by slightly coun-
ter-clockwise oblique sutures.

distal cycle of
distal shield

OEERY
Tret>

T
Y

Reticulofenestra

centro-distal cycle

distal cycle }dish,
proximal cycle

proximal shield
reticule

cross-section
+-nicols, ta,standard orientation

+-nicols, ta, standard orientation

Proximal shield: This shield is slightly wider than, and closely appressed
with the proximal cycle of the distal shield. In proximal view the sutures
are slightly oblique anti-clockwise.

As in Prinsius and Toweius the elements bend in distal direction near the
central area, and, somewhat higher up, in centro-lateral direction to take
part in the formation of the central reticule.

Central area: This area is concave in distal view. It is filled in with a single
centro-distal cycle, which forms the central reticule.

Centro-distal cycle: This rather narrow cycle is composed of strongly anti-
clockwise imbricating elements. The sutures are slightly oblique clockwise.
At the base of the cycle the elements bend towards the centre, where they
form the reticule.

Central reticule: Each element of the centro-distal cycle forms a thin and
long lath which extends to the centre of the coccolith. The narrowly spaced
laths are connected by very small and short transverse laths.
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Specific criteria: The species are based on the size of the coccolith, on the
relative proportions of margin and central area, and on characteristics of the
margin.

Standard orientations: See under Toweius.

Extinction lines: The extinction lines are sharpest in the central area. Here
they are strongly dextrogyre in distal view. The central parts of the lines are
straight, and they form an angle of about 20° in anti-clockwise direction with
the polarization directions in distal view. In the margin the lines widen to
V-like sectors.

Colour patterns: In the standard orientation for distal view the sectors lying
along the X-axis and enclosed by the extinction lines in the central area are
blue. The other sectors are yellow.

In the standard orientation for side view the right crosssection of the
distal shield, the proximal shield and the centro-distal cycle are blue; the
other sectors are yellow.

Differential diagnosis: See under Toweius.

Reticulofenestra dictyoda (Deflandre and Fert) Stradner
(pl. 4, fig. 6)

Discolithus dictyodus Deflandre and Fert, 1954, p. 140, partim, text-fig. 15, non text-fig. 16.

Cyclococcolithus dictyodus (Deflandre and Fert) Hay and Towe, 1962, p. 503, pl. 5, fig. 4; pl. 7,
fig. 1.

Coccolithus marismontium Black, 1964, p. 309, pl. 51, figs. 14, pl. 52, fig. 3.

Non Reticulofenestra dictyoda (Deflandre and Fert) Stradner, in Stradner and Edwards, 1968, p. 19,
pl. 12—14; pl. 22, fig. 4; text-fig. 2¢.

Reticulofenestra dictyoda (Deflandre and Fert) Stradner, Perch-Nielsen, 1971d, p. 30, pl. 25, figs.
1—3;Perch-Nielsen, 1977, pl. 30, fig. 2.

Toweius callosus Perch-Nielsen, 1971d, partim, p. 31, pl. 61, figs. 32, 33, non pl. 17, figs. 3, 5, 6; pl.
18, fig. 5.

Remarks: The shields and the centro-distal cycle of this elliptical to sub-
elliptical species are composed of 40 to 60 elements. The relatively small
central area is closed by a reticule. The sutures in the distal shield are strong-
ly oblique clockwise from the central area to about the middle of the shield,
but then they bend in subradial direction. Intermediate forms between this
species and R. umbilicus occur in the N. fulgens Zone.

Dimensions: length: 5-13 u.

Distribution: Spain: D. lodoensis Zone — N. fulgens Zone; Israel: D. lodoen-
sis Zone — D, sublodoensis Zone. '

Reticulofenestra umbilicus (Levin) Martini and Ritzkowski

Coccolithus umbilicus Levin, 1965, p. 265, pl. 41, fig. 2; Gartner and Smith, 1967, p. 3, pl. 1, figs. 3,
4; pl. 2, figs. 13,
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Coccolithus cf. C. placomorphus (Kamptner) Reinhardt, 1966, p. 21, pl. 22, figs. 29, 30; pl. 20, fig. 3.

Coccolithus pelycomorphus Reinhardt, 1966, p. 515, pl. 1, figs. 2, 6; text-fig. 5; Reinhardt, 1967,
p. 206, pl. 1, figs. 10, 11, 14; pl. 5, fig. 10; pl. 7, fig. 4; text-fig. 6.

Apertapetra samodurovi Hay, Mohler and Wade, 1966, partim, p. 388, pl. 6, figs. 1—3, non pl. 6, figs.
4-17.

Reticulofenestra caucasica Hay, Mohler and Wade, 1966, partim, p. 386, pl. 2, fig. 5; pl. 3, figs. 1, 2;
pl. 4, figs. 1, 2, non pl. 2, figs. 6—8; Perch-Nielsen, 1967, p. 26, pl. 1, figs. 9—11.

Non Reticulofenestra caucasica Hay, Mohler and Wade, Levin and Joerger, 1967, p. 168, pl. 2, fig. 2.

Reticulofenestra placomorpha {Kamptner) Stradner, Hag, 1968, p. 29, pl. 3, fig. 3; Stradner and
Edwards, 1968, partim, p. 22, pl. 19, 20, 22—24; pl. 25, figs. 1, 2, non pl. 21.

Reticulofenestra umbilica (levin) Martini and Ritzkowski, 1968, p. 137; Perch-Nielsen, 1971d, p. 30,
pl. 21, fig. 7; pl. 23, figs. 1, 2; pl. 24, figs. 1-3.

Remarks: The wide shields and the narrow centro-distal cycle of this large,
elliptical species are each composed of about 100 elements. The inner strip
of the distal shield which has anti-clockwise oblique sutures is relatively
narrow. The relative proportions of the margin and the central area vary
widely.

Dimensions: length: 11-21 p.

Distribution: Spain: N. fulgens Zone.

Family zvGoDISCACEAE Hay and Mohler, 1967

Genus Zygodiscus Bramlette and Sullivan, 1961

Type species: Zygodiscus adamas Bramlette and Sullivan, 1961
Introduction:

This genus was introduced by Bramlette and Sullivan for “coccoliths with
an elliptical rim, a transverse bar with more than one segment of different
calcite orientation, and some vestige, at least, of a basal plate”. The type
species, Z. adamas is a Tertiary species, but since 1961 many Jurassic and
Cretaceous species have been assigned to the genus. Although these species
fulfil the minimum requirements for the genus, they differ considerably
from the type species in their ultrastructure. The description of the genus
given below pertains only to the Tertiary representatives of the genus.
Description:

Shape: The species are elliptical in plane view, and slightly concavo-convex
in side view.

Construction: The species are composed of a high or low, composite mar-
gin, a complex bar along the Y-axis, and a wide or narrow central plate.

Margin: The distally flaring margin is composed of an inner cycle (wall)
and an outer one (rim). The wall is a continuation of the central plate; it is
composed of elements which imbricate clockwise in distal view. The ele-
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ments of the rim imbricate in the opposite direction in the same view.

Bar: This structure is basically composed of two laths, which cross in the
centre. The bar makes a small angle with the Y-axis, counter-clockwise in
distal view.

Central plate: This plate either closes the central area or it surrounds the
openings at each side of the bar. The plate probably consists of radially
orientated elements (electron micrographs could not be found in the litera-
ture).

rim R
margin rim
wall

central plate % central plate m

side

bar
distal proximal

Zygodiscus

central
area
wall (clockwise imbrication)

rim (anti-clockwise imbrication)

central plate

cross-section
+-nicols, A, standard orientation

t+-nicols, 1A, standard orientation

Specific criteria: The species are based on the shape of the bar and on the
size of the openings in the central plate.
Standard orientations

Distal view: Convex side upwards; X-axis parallel to the X-cross-hair.

Side view: X-axis parallel to the X-cross-hair; convex side pointing in the
positive direction of the Y-cross-hair.
Extinction lines: The lines are sharpest in the central plate. They are dextro-
gyre in distal view. One line is almost parallel to the X-axis, the other makes
an angle with the Y-axis, anti-clockwise in distal view.
Colour patterns: In the standard orientation for distal view, the smaller sec-
tors enclosed by the extinction lines are blue, the others are yellow. In the
standard orientation for side view, the cross-sections of the rim are blue; the
other sections are yellow.
Differential diagnosiS' Zygodiscus differs from the closely related genus
Lophodolithus in the absence of a flange. Species of Pontosphaera show a
similar extinction and colour pattern, but they lack a complex bar.

Zygodiscus clausus nov. sp.
(pl. 10, figs. 3, 4)

Derivation of name: From claudere (lat.): to close.
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Description: The species is composed of a closed, elliptical plate, which
is somewhat thickened marginally, and a wide, barlike central structure.
This bar is well differentiated from the plate only at its poles; centrally it
seems to be continuous with the plate. In early specimens the bar makes
a small angle with the X-axis in clockwise direction; in later specimens the
angle increases to such an extent that the bar makes a small angle with
the Y-axis in anti-clockwise direction.

Differential diagnosis: This species differs from all others in the genus by
its closed central area.

Dimensions: length: 10—13 .

Holotype: T 369a, pl. 10, fig. 3 from sample SP619, D. mohleri Zone.

Type locality: Barranco del Gredero.

Stratum: Jorquera Formation, Member C.

Age: Middle Paleocene.

Paratypoid: T 369b, pl. 10, fig. 4, sample SP619.

Distribution: Spain: D. mohleri Zone.

Zygodiscus adamas Bramlette and Sullivan
(pl. 10, fig. 5)
Zygodiscus adamas Bramlette and Sullivan, 1961, p. 148, pl. 4, figs. 9, 10; Sullivan, 1964, p. 186,
pl. 6, figs. 4—6; Hay and Mohler, 1967a, p. 1532, pl. 198, figs. 3, 4, 7; pl. 199, figs. 8—10.

Non Zygodiscus adamas Bramlette and Sullivan, Stradner, in Gohrbandt, 1963, p. 76, pl. 9, figs. 13,
14,

Remarks: The diamond-shaped central cross-structure is characteristic of
the species. The structure consists of an upper and a lower lath, which cross
in the centre. The upper lath makes an angle of about 40° with the Y-axis in
anti-clockwise direction; the lower lath forms about the same angle with this
axis in the opposite direction. This construction can best be observed in
cross-polarized light; in the standard orientation for distal view, and with the
gypsum plate, the upper lath is yellow, and the tips of the lower one are
blue.

In early specimens the openings at each side of the central structure are
small, and the marginal ridge is low. In later forms the openings are wider,
and the ridge is higher.

Dimensions: length: 10—13 u.
Distribution: Spain: D. mohleri Zone, D. multiradiatus Zone.

Zygodiscus plectopons Bramlette and Sullivan
(pl. 10, fig. 6)

Zygodiscus plectopons Bramlette and Sullivan, 1961, p. 148, pl. 4, fig. 12; Sullivan, 1964, p. 187, pl.
5, fig. 8; Sullivan, 1965, p. 38, pl. 6, fig. 7.
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Zygodiscus aff. Z. plectopons Bramlette and Sullivan, 1961, p. 158, pl. 4, fig. 13.

Zygodiscus herlyni Sullivan, 1964, p. 168, pl. 6, figs. 1—3.

Remarks: The plate-openings at each side of the bar are larger in later forms
than in earlier ones. At its edge the plate curves in distal direction to form a
wall. In later specimens the wall is thickened, probably by an outer cycle of
elements (rim).

Dimensions: length: 8-14 p.

Distribution: Spain: D. mohleri Zone — T. orthostylus Zone; Israel: T.
contortus Zone — T. orthostylus Zone.

Genus Neochiastozygus Perch-Nielsen, 1971

Type species: Neochiastozygus perfectus Perch-Nielsen, 1971
Description:
Shape: The species have the form of shallow baskets, which are elliptical
in plane view. The smaller, slightly concave side is considered to be proximal.
Construction: The species are composed of a relatively narrow, composite
margin, and a central cross-structure that bridges the open central area along
the Y-axis.

Neochiastozygus

- B

2 -
2 H—rim
2 17

\”//,_ __

cross-section )
+-nicols, Ix, standard orientation

+nicols, 1, standard orientation

Margin: This structure consists of an inner cycle of elements (wall) and an
outer one (rim). These cycles are closely appressed, and they show an equal
number of elements.

Wall: The elements in the inwards sloping wall show a strong, clockwise
imbrication in distal view. The elements are widest at the base and taper in

132



distal direction. In proximal view the sutures between the elements are sub-
radial.

Rim: The rim which also slopes inwards is generally narrower than the
wall. In most species it is composed of lath-like elements, which strongly im-
bricate counter-clockwise in distal view. The rim does not extend in proximal
direction as far as the wall.

Central structure: The structure generally has the form of an X. It is at-
tached to the lower distal side of the wall. Generally, each bar of the X is
composed of two laths, parallel to the axis of the bar.

Specific criteria: The species are based on (a) the relative proportions of the
wall and the rim, (b) the construction of the rim, (c) the shape, construction
and orientation of the cross-structure.

Standard orientations:

Distal view: X-axis parallel to the X-cross-hair; widest side of the margin
upwards.

Side view: X-axis parallel to the X-cross-hair; widest side of the margin in
the positive direction of the Y-cross-hair.

Extinction lines: The extinction lines can best be observed in the wall. Here
they are dextrogyre in distal view. The bars of the cross-structure show a
median extinction line, which gives them a split appearance.

Colour patterns: In the standard orientation for distal view the wall-sectors
lying along the X-axis and enclosed by the extinction lines are blue; the
other sectors in the wall are yellow.

In the same orientation, the bars which make an angle with the Y-axis in
anti-clockwise direction are evenly blue, the others are yellow.

In the standard orientation for side view, the left cross-section of the wall,
and the right cross-section of the rim are blue; the other sections are yellow.
Differential diagnosis: In Neococcolithes, the margin consists of only a single
cycle of elements, and the cross-bars have a non-split appearance in cross-

polarized light.

Neochiastozygus denticulatus (Perch-Nielsen) Perch-Nielsen

Heliorthus? denticulatus Perch-Nielsen, 1969b, p. 62, pl. 5, fig. 5.
Neochiastozygus denticulatus {Perch-Nielsen) Perch-Nielsen, 1971b, p. 60, pl. 6, fig. 7; pl. 7, figs.
10-12.

Remarks: The orientation of the rather wide cross-bars make this species
easily recognizable: in distal view the bars make a small angle with the axes
of the ellipse in counter-clockwise direction.

Dimensions: length: 5—6 pu.
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Distribution: Spain: P. dimorphosus Zone — C. tenuis Zone; Israel: P. di-
morphosus Zone — C. tenuis Zone; Scandinavia: C. tenuis Zone.

Neochiastozygus modestus Perch-Nielsen

Neochiastozygus modestus Perch-Nielsen, 1971b, p. 62, pl. 5, figs. 5—8; pl. 7, figs. 22, 23; Perch-
Nielsen, 1977, pl. 38, fig. 11; pl. 39, figs. 1, 3, 4, 6, 9; pl. 40, figs. 7—10.

Remarks: Distally, the wall and the rim are about the same height. The wall

is somewhat wider than the rim. Each bar of the central cross is composed

of two laths, parallel to the axis of the bar.

Dimensions: length: 4—6 u.

Distribution: Spain: P. dimorphosus Zone — F. tympaniformis Zone; Israel:

C. tenuis Zone — F. tympaniformis Zone.

Neochiastozygus saepes Perch-Nielsen

Heliorthus? distentus (Bramlette and Sullivan) Perch-Nielsen, 1969b, p. 63, pl. 5, fig. 9.
Neochiastozygus saepes Perch-Nielsen, 1971b, p. 64, pl. 6, figs. 3—6; pl. 7, figs. 7-9.

Remarks: Typical specimens have a serrated, subelliptical outline in plane
view. The wall is low and narrow; the rim is high and wide and is composed
of elements separated by subvertical sutures. The relatively narrow central
area is spanned by an X-ike cross-structure.

Dimensions: length: 68 u.

Distribution: Spain: C. tenuis Zone; Israel: C. tenuis Zone.

Neochiastozygus aff. N. saepes Perch-Nielsen

Zygolithus concinnus Martini, Stradner, 1963, partim, pl. 4, fig. 8a, non pl. 4, fig. 8b.

Remarks: These forms have a paperclip-like outline in plane view. The wall
and the rim are about the same width, but the rim is higher. The rim consists
of block-ike elements, separated by subvertical sutures. The cross-bars form
a wide X.

Dimensions: length: 5-7 u.

Distribution: Spain: C. tenuis Zone, E. macellus Zone; Israel: C. tenuis Zone,
E. macellus Zone.

Neochiastozygus imbriei Haq and Lohmann

Neochiastozygus imbriei Haq and Lohmann, 1976, p. 183, pl. 4,‘ﬁg. 3; Perch-Nielsen, 1977, pl. 38,
figs. 5, 9; pl. 49, figs. 20, 21.

Remarks: This long-elliptical species has a low, narrow wall and a high rim.
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The latter is composed of lath-like elements, separated by subvertical su-
tures. In typical specimens, the narrow bars make a small angle with the
X-axis. Forms that are intermediate between this species and Neochiastozy-
gus aff. N. saepes occur in the C. tenuis Zone.

N. imbriei differs from N. denticulatus in its narrower cross-bars, which all
make a high angle with the Y-axis.
Dimensions: length: 5--7 u.
Distribution: Spain: C. tenuis Zone; Israel: C. tenuis Zone.

Neochiastozygus perfectus Perch-Nielsen

Neochiastozygus perfectus Perch-Nielsen, 1971b, p. 63, pl. 6, figs. 1, 2; pl. 7, figs. 24, 25; Perch-
Nielsen, 1977, pl. 38, figs. 6, 10, 12.

Remarks: Distally, the rim is higher and narrower than the wall. In the L.M.
this feature can best be observed in cross-polarized light, and with the gyp-
sum plate. Typical specimens have a slender X-like cross-structure, composed
of bars which are slightly thickened near the wall. :

Dimensions: length: 79 u.

Distribution: Scandinavia: C. tenuis Zone, E. macellus Zone.

Neochiastozygus distentus (Bramlette and Sullivan) Perch-Nielsen

Zygolithus distentus Bramlette and Sullivan, 1961, p, 150, pl. 6, figs. 4—7.

Non Zygolithus distentus Bramlette and Sullivan, Stradner, 1963, p. 77, pl. 10, figs. 4, 5.

Non Heliorthus distentus (Bramlette and Sullivan) Perch-Nielsen, 1969b, p. 63, pl. 5, fig. 9.

Neochiastozygus distentus (Bramlette and Sullivan) Perch-Nielsen, 1971b, p. 61, pl. 4, figs. 1—4;
pl. 7, figs. 1—3; Perch-Nielsen, 1977, pl. 38, figs. 3, 4, 8; pl. 39, figs. 2, 5, 8; pl. 40, figs. 1-3.

Remarks: The species has a wide wall and a narrow rim. Characteristic for
the species are the wide bars of the central cross; specimens occur in which
the bars close the central area.

Dimensions: length: 710 u.

Distribution: Spain: F. tympaniformis Zone — T. contortus Zone; Israel:
F. tympaniformis Zone — T. contortus Zone.

Neochiastozygus concinnus (Martini) Perch-Nielsen

Zygolithus concinnus Martini, 1961, p. 18, pl. 3, fig. 35; pl. 5, fig. 54; Bramlette and Martini, 1964,
p. 304, pl. 4, figs. 13, 14; pl. 7, fig. 3.

Zygolithus chiastus Martini, Bramlette and Sullivan, 1961, p. 149, partim, pl. 6,fig. 1, non pl. 6, figs.
2,3,

Zygolithus distentus Bramlette and Sullivan, Stradner, 1963, p. 77, pl. 10, figs. 4, 5.

Heliorthus concinnus (Martini) Hay and Mohler, 1967a, p. 1533, pl. 199, figs. 16—18; pl. 201, figs.
6, 7, 10; Perch-Nielsen, 1969b, p. 62, pl. 5, figs. 6—8.

Neochiastozygus concinnus (Martini) Perch-Nielsen, 1971b, p. 59, pl. 4, fig. 6; pL. 7, figs. 4—6.
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Remarks: In this species the cross-structure has the form of a narrow X. In
typical specimens the bars are slender and somewhat thickened near the
wall. In the L.M. a more or less rectangular structure can be observed in the
centre of the cross. The wall and the rim can be well differentiated in cross-
polarized light.

Dimensions: length: 7-10 p.

Distribution: Spain: F. tympaniformis Zone — T. contortus Zone; Israel:
T. contortus Zone.

Neochiastozygus junctus (Bramlette and Sullivan) Perch-Nielsen

Zygolithus junctus Bramlette and Sullivan, 1961, p. 150, pl. 6, fig. 11; Sullivan, 1964, p. 187, pl. 7,
fig. 15,

Heliorthus junctus (Bramlette and Sullivan) Hay and Mohler, 1967a, p. 1533; Stradner, 1969, p. 418,
pl. 87, figs. 9—12.

Neochiastozygus junctus (Bramlette and Sullivan) Perch-Nielsen, 1971b, p. 61, pl. 4, figs. 7, 8;pl. 7,
figs. 18, 19; Edwards and Perch-Nielsen, 1975, pl. 1, fig. 9.

Remarks: The wall of this species, the largest species of Neochiastozygus, is
wide but the rim is narrow. In addition to its large size, the species is cha-
racterized by the small angle which the bars of the cross make with the Y-
axis. The bar-elements are orientated normal to the bar-axes. In cross-polariz-
ed light the bars have a split appearance.

Dimensions: length: 11-13 u.

Distribution: Spain: F. tympaniformis Zone — D. multiradiatus Zone; Israel:
D. mohleri Zone.

Genus Neococcolithes Sujkowski, 1931

Type species: Neococcolithes lososnensis Sujkowski, 1931
Description:

Shape: The species are narrow elliptical in plane view, and have the form
of a truncated cone in side view; the side with the smaller diameter is con-
sidered to be proximal.

Construction: The species are composed of a distally flaring margin and an
X- or H-shaped central structure, which spans the open central area along the
Y-axis.

Margin: The margin consists of a low wall, superposed by a high rim.
These cycles have an equal number of elements.

Wall: This very thin cycle has a triangular cross-section. The sutures are
radial in proximal view.

Rim: This high cycle is constructed of anti-clockwise imbricating, lath-like
elements.
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Central structure: The structure consists of several homogeneous calcite
blocks.
Specific criteria: The species are differentiated on the basis of the outline of
the coccolith and the shape of the central structure.

Standard orientations:
rim
central cross

side view
Neococcolithes
\ rim
A wall

cross- section
+-nicols, 1a, standard orientation

distat
+-nicols, 1a, standard orientation

Distal view: X-axis parallel to the X-cross-hair; widest side of the coccolith
turned upwards.

Proximal view: X-axis parallel to the X-cross-hair; widest side pointing
in the positive direction of the Y-cross-hair.

Extinction lines: These lines can be observed only in the margin; they are
strongly dextrogyre in distal view.

Colour patterns: In the standard orientation for distal view, the smaller sec-
tors in the margin which are enclosed by the extinction lines are blue; the
other sectors are yellow.

In the central structure the colours are vague; the right half of the struc-
ture is bluish, the other half yellowish in the standard orientation for distal
view.,

In the standard orientation for side view, the right cross-section of the
rim is blue, the other is yellow; the colours in the wall are probably reversed.
Differential diagnosis: Neococcolithes differs from Neochiastozygus in the
construction of the central structure and in the composition of the margin,
the latter containing two superposed cycles instead of two enclosing ones.
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Neococcolithes protenus (Bramlette and Sullivan) Hay and Mohler

Zygolithus protenus Bramlette and Sullivan, 1961, p. 150, pl. 6, fig. 15.

Chiphragmalithus protenus (Bramlette and Sullivan) Sullivan, 1964, p. 179, pl. 1, fig. 1.

Neococcolithes protenus (Bramlette and Sullivan) Hay and Mohler 1967, p. 1533, pl. 199, figs. 19—
21; pl. 201, fig. 9; Edwards and Perch-Nielsen, 1975, pl. 1, fig. 11; pl. 3, fig. 11; pl. 6, figs. 7, 8;
plSﬁg6pl9ﬁg4

Non Neococcolithes protenus (Bramlette and Sullivan) Hay and Mohler, Perch-Nielsen, 1969b, p. 64,
pl. 5, fig. 4.

Remarks: Typical specimens show a narrow margin and a slender, X-shaped
cross-structure. Variants with a somewhat wider margin and central cross
occur in the T. orthostylus Zone; they are pobably transitional to N. dubius.
Dimensions: length: 5-7 u.

Distribution: Spain: D. multiradiatus Zone — D. sublodoensis Zone; Israel:
T. contortus Zone — T. orthostylus Zone.

Neococcolithes dubius (Deflandre) Black

Zygolithus dubius Deflandre, in Deflandre and Fert, 1954, p. 149, text-figs. 43, 44, 68; Perch-Nielsen,
1967, p. 28, pl. 5, figs. 13, 14.

Chiphragmalithus dubius (Deflandre) Sullivan, 1964, p. 179, pl. 1, fig. 2.

Neococcolithes dubius (Deflandre) Black, 1967, p. 143; Perch-Nielsen, 1977, pl. 27, fig. 6.

Zygolithus pediculatus Perch-Nielsen, 1967, p. 29, pl. 5, figs. 8—11.

Zygolithus pyramidus Perch-Nielsen, 1967, p. 29, pl. 5, figs. 1—5.

Neococcolithes pediculatus (Perch-Nielsen) Perch-Nielsen, 1971d, p. 48, pl. 40, figs. 4—6; pl. 42, figs.
16—18.

Neococcolithes pyramidus (Perch-Nielsen) Perch-Nielsen, 1971d, p. 48, pl. 42, fig. 13.

Remarks: In this relatively high species the H-shaped central structure is
higher than the margin. The central part of the structure makes a small angle
in clockwise direction with the X-axis in distal view. Specimens with a
thickened margin and/or a thickened central structure are regarded as
variants, not as separate species.

Dimensions: length: 79 u.

Distribution: Spain: T. orthostylus Zone — N. fulgens Zone; Israel: T. ortho-
stylus Zone — D. sublodoensis Zone.

Neococcolithes minutus (Perch-Nielsen) Perch-Nielsen

Zygolithus minutus Perch-Nielsen, 1967, p. 28, pl. 5, figs. 6, 7.
Neococcolithes minutus (Perch-Nielsen) Perch-Nielsen, 1971, p. 47, pl. 42, figs. 14,

Remarks: This species differs from N. dubius only in its more narrow el-
liptical outline.

Dimensions: length: 68 u.

Distribution: Spain: D. sublodoensis Zone, N. fulgens Zone.
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Genus Lophodolithus Deflandre, 1954

Type species: Lophodolithus mochlophorus Deflandre, 1954
Description:

Shape: The species have an ovoid or kidney-shaped outline in plane view
and a wedge-shaped outline in distal view. The widest side of the specimens s
considered to be distal.

Construction: The species are composed of a margin (which forms a
narrow central plate proximally, and a flange distally) and a complex bar.

Margin: The distally flaring margin is composed of an inner cycle (wall)
and an outer one (rim).

Wall: This cycle is a continuation of the central plate in distal direction. It
is constructed of lath-like elements, which imbricate clockwise in distal view.

Rim: The base of this cycle lies somewhat above the level of the central
plate. The cycle is composed of lath-like elements which imbricate counter-
clockwise in distal view.

Flange: This structure is a continuation of the wall and the rim in out-
ward-lateral direction. In distal view the sutures in the distal flange cycle are
slightly oblique clockwise; the sutures in the proximal cycle are oblique
clockwise in proximal view.

Lophodolithus

central plate

/crossAsectian \\

+-nicols, 1a, standard orientation +-nicols, 1», standard orien tation

Central area: The open central area is surrounded by a narrow strip of
the central plate, which consists of radially arranged elements. The central
area is bridged along the Y-axis by a complex bar, which divides the area into
two subcircular openings of unequal size. The bar shows an axial suture and
is connected to the central plate along a V-shaped suture.
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The margin is highest and the flange is widest at the side with the larger
opening in the central area.

Specific criteria: The species are distinguished on the basis of the outline of
the coccolith in plane view and according to the shape of the flange.
Standard orientations:

Distal view: X-axis parallel to the X-cross-hair in such a way that the
highest part of the margin (or the widest side of the flange) is on the left,
and the widest side of the coccolith turned upwards.

Side view: X-axis forming an angle of 45° in clockwise direction with the
X-cross-hair in such a way that the normal to the distal side points to the
right.

Extinction lines: These lines are sharper in the central plate than in the
margin. They are dextrogyre in distal view. In the standard orientation for
distal view, one line makes a small angle with the X-axis in clockwise direction;
the other makes a somewhat larger angle in counter-clockwise direction with
the Y-axis.

Colour patterns: In the standard orientation for distal view, the smaller sec-
tors enclosed by the extinction lines are blue; the other sectors are yellow. In
the standard orientation for side view, the central plate, the wall and the
distal flange cycle are yellow; the rim and the proximal flange cycle are blue.
Differential diagnosis: Lophodolithus differs from the closely related Zygodis-
cus in the presence of a flange. The differences between this genus and Pon-
tosphaera are given under Pontosphaera.

Lophodolithus nascens Bramlette and Sullivan
(pl. 8, fig. 4)
Lophodolithus nascens Bramlette and Sullivan, 1961, p. 145, pl. 4, figs. 7, 8; Perch-Nielsen, 1971,

p. 41, pl. 37, figs. 14,
Lophodolithus cf, L. nascens Bramlette and Sullivan, Perch-Nielsen, 1977, pl. 27, fig. 7; pl. 28, fig. 5.

Remarks: The composite bar makes a small angle with the Y-axis in countet-
clockwise direction in distal view. The width of the flange is variable. Inter-
mediate forms between this species and Z. plectopons were observed in the
T. orthostylus Zone.

Dimensions: length: 8—14 .

Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel: T.
orthostylus Zone — D. sublodoensis Zone.

Lophodolithus mochlophorus Deflandre
Lophodolithus mochlophorus Deflandre, 1954, p. 147, pl. 12, figs. 20—23; Bramlette and Sullivan,

1961, p. 145, pl. 4, fig. 6; Perch-Nielsen, 1971d, p. 40, pl. 38, fig. 1; Wise and Constans, 1976,
pl. 3, fig. 1,
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Remarks: This species has a flange along its total periphery. In the standard
orientation for distal view, the margin is higher, and the flange at the left
pole is wider than in L. nascens.

The flange is crenulated where it is widest.
Dimensions: length: 17—19 u.
Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel: D.
sublodoensis Zone.

Lophodolithus reniformis Bramlette and Sullivan

Lophodolithus reniformis Bramlette and Sullivan, 1961, p. 135, pl. 4, fig. 5; Perch-Nielsen, 1971d,
p. 41, pl. 38, figs. 2, 3.

Remarks: This species differs from L. nascens in its kidney-shaped outline.
This shape is mainly the result of the unequal width of the flange.
Dimensions: length: 811 p.

Distribution: T. orthostylus Zone; Israel: T. orthostylus Zone.

Genus Helicosphaera Kamptner, 1954

Type species: Coccolithus carteri (Wallich) Kamptner, 1941

Introduction: In the present paper the opinion of Jafar and Martini (1975)
about the name of this genus is shared: their re-examination of the original
description of the (extant) “Coccosphaera” carteri Wallich, 1877, gave
strong evidence that Helicopontosphaera Hay and Mohler, 1967 is a junior
synonym of Helicosphaera.

Description:

Shape: The species have an elliptical or ovoid outline in plane view, and
they are convaco-convex in side view. The convex side is considered distal.

Construction: The species are composed of a composite, concavo-convex
margin which spirals counter-clockwise in distal view, a narrow central plate,
and a central bar. :

Margin: This complicated structure consists of a distal cycle (wall) and
a proximal cycle (rim), which are closely appressed.

Wall: This cycle is a continuation of the central plate. It shows strongly
clockwise imbricating elements in distal view. The sutures are subradial
in this view.

Rim: The base of this cycle lies at a somewhat higher level than the
base of the central plate. The cycle spirals counter-clockwise in distal view,
in such a way that it overlaps itself over a short interval. The sutures are
oblique clockwise in proximal view.

Central plate: This plate is very narrow and lines the central openings. It
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is composed of a single cycle of radially orientated elements. The sutures are
radial in both proximal and distal view.
Central bar: This structure shows an axial suture. It is connected to the
central plate along a V-ike suture. The bar invariably makes an angle in
counter-clockwise direction with the Y-axis in distal view.

The margin is wider and more strongly curved at one pole than at the
other.

distal cycle (wall}

distal

Helicosphaera

wall

rim

cross-section along x-axis, +-nicols,
standard orientation

central
area

margin

+-nicols, 1a, standard orientation

central
plate
cross-section along y-axis

Specific criteria: Criteria for distinguishing species are the outline of the coc-
coliths in plane view and the composition of the central area.
Standard orientations: '

Distal view: Convex side of the margin upwards; X-axis parallel to the X-
cross-hair in such a way that the pole where the margin is widest points to
the left.

Side view: X-axis parallel to the X-cross-hair as described above; convex

side of the coccolith pointing in the positive direction of the Y-crosshair.
Extinction lines: In the standard orientation for distal view, the lines are
dextrogyre. The position of the lines is comparable to their position in
Lophodolithus and Zygodiscus.
Colour patterns: In the standard orientation for distal view the smaller
sectors enclosed by the extinction lines are blue; the other sectors are
yellow. In the standard orientation for side view, the cross-section of the
rim are blue, and the sections of the central plate and the wall are yellow.
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Differential diagnosis: Helicosphaera differs from Zygodiscus and Lopho-
dolithus in its concavo-convex margin.

Helicosphaera seminulum Bramlette and Sullivan

Helicosphaera seminulum seminulum Bramlette and Sullivan, 1961, p. 144, pl. 4, figs. 1, 2; Perch-
Nielsen, 1967, p. 25, pl. 3, figs. 4, 5.

Helicosphaera seminulum Bramlette and Sullivan, Hay and Towe, 1962, p. 512, pl. 1, figs. 1, 3, 5.

Non Helicosphaera seminulum Bramlette and Sullivan, Stradner and Edwards, 1968, p. 38, pl. 39, 40.

Helicopontosphaera seminulum (Bramlette and Sullivan) Stradner, 1969, p. 419, pl. 87, figs. 19, 20;
Perch-Nielsen, 19714, p. 44, pl. 34, fig. 4; pl. 35, figs. 1, 2, 5, 6; pl. 37, figs. 6; Haq, 1973b, p. 46,
pl. 1, fig. 4; pl. 3, figs. 7, 8; Wise and Constans, 1976, pl. 1, fig. 1.

Remarks: The species has a smooth, ovoid outline in plane view. The open
central area is transversely spanned by a bar, in such a way that a large
opening is formed at the left side and a smaller one at the right side (in
standard orientation).

Intermediate forms between this species and H. lophota, in which the bar
makes a high angle with the Y-axis, occur in the D. lodoensis Zone.
Dimensions: length: 10—13 u.

Distribution: Spain: T. orthostylus Zone — N. fulgens Zone; Israel T. or-
thostylus Zone — D. sublodoensis Zone.

Helicosphaera lophota Bramlette and Sullivan

Helicosphaera seminulum lophota Bramlette and Sullivan, 1961, p. 144, pl. 4, figs. 3, 4; Perch-Nielsen,
1967, p. 25, pl. 3, figs. 1-3.

Helicosphaera seminulum Bramlette and Sullivan, Stradner and Edwards, 1968, p. 38, pl. 39, 40.

Helicopontosphaera lophota (Bramlette and Sullivan) Perch-Nielsen, 1971d, p. 43, pl. 34, figs. 1, 2;
pl. 36, figs. 1, 2; Haq, 1973b, p. 40, pl. 1, figs. 1—3; pl. 3, figs. 9, 10; Wise and Constans, 1976, pl.
4, fig. 2.

Remarks: The species differs from H. seminulum in the orientation of the
central bar: it makes a small angle with the X-axis in clockwise direction in
distal view. As a consequence the openings at each side of the bar are long
and narrow.

Dimensions: length: 1015 p.

Distribution: Spain: D. lodoensis Zone — N. fulgens Zone; Istrael: D. lodoen-
sis Zone — D. sublodoensis Zone.
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Family sPHENOLITHACEAE Vekshina, 1959

Genus Sphenolithus Deflandre, 1952
Type species: Sphenolithus radians Deflandre, 1952

Description:

Shape: The species have the form of a dome or cone with a concave base.
The pointed or convex side is considered distal, the concave side proximal.

Construction: The species are composed of a relatively low, basal column,
superposed by a cone, which may be differentiated into one or more basal
cycles and a centro-distal spine.

Column: The column has the form of a truncated cone with a flat top and
a concave base. It is composed of 9 to 13 radially arranged elements, which
have a triangular cross-section. The sutures are subradial in proximal view.

centro
distal spine

cone
cone
basal cycles

column

side side
cross-section cross-section

Sphenolithus

side
+-nicols, Ia, standard orientation

distal
+-nicols, 1a

Cone: The composition of this structure is rather variable. Basically it
consists of one or more superposed cycles of wedge-shaped, radially arranged
elements. The diameter of these cycles and the number of elements in them
decrease upwards in the nannolith.
Specific criteria: The species are distinguished according to features such as
the form and construction of the cone, the relative proportions of the
column and the cone, and the angle between the extinction lines in side
view,
Standard orientations:

Distal view: Pointed or convex side upwards; concave side downwards.
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Side view: Convex or pointed side in the positive direction of the Y-cross-
hair; base parallel to the X-cross-hair.
Extinction lines: In the standard orientation for distal view, the lines are
parallel to the polarization directions, and they bisect in the centre of the
nannolith. In the standard orientation for side view, two lines can be observ-
ed: (a) a median line, which is straight in most species, and (b) a line be-
tween the column and the cone. The latter line is straight, and perpendicular
to the median line, or it is irregular and not normal to the median line.
Colour patterns: In the standard orientation for distal view, the second and
the fourth quadrant are blue, the others are yellow.

In the standard orientation for side view, the right half of the column and
the left half of the cone are blue; the other halves are yellow.
Differential diagnosis: Sphenolithus can easily be distinguished from Fasci-
culithus in the L.M. by the opposite colour distribution in the standard
orientation for side view.

Sphenolithus primus Perch-Nielsen

Sphenolithus primus Perch-Nielsen, 1971c, p. 357, pl. 11, fig. 4; pl. 12, figs. 4, 5, 7—12; pl. 14, figs.
22—24;Perch-Nielsen, 1972, pl. 16, fig. 10.
Sphenclithus sp. Perch-Nielsen, 1971c, p. 359, pl. 11, figs. 13, 5, 6.

Remarks: The low column of this beehive-shaped species is composed of 7
to 11 elements. The cone is somewhat higher than the dome; it consists of
three to four superposed cycles of radially arranged, irregular elements. The
number of elements in these cycles decreases in distal direction.

Dimensions: diameter: 5—7 u., height: 48 u.

Distribution: Spain: E. macellus Zone — D. binodosus Zone; Israel: E. macel-
lus Zone — D. binodosus Zone.

Sphenolithus anarthopus Bukry and Bramlette

Sphenolithus anarrhopus Bukry and Bramlette, 1969, p. 140, pl. 3, figs. 5—8.
Sphenolithus sp. 1 Perch-Nielsen, 1971c, p. 358, pl. 12, figs. 1, 6.
Sphenolithus sp. 2 Perch-Nielsen, 1971c, p. 359, pl. 12, figs. 2, 3.
Sphenolithus cf. S. radians Deflandre, Haq, 1971a, p. 34, pl. 10, fig. 9.

Remarks: The species differs from S. primus in the further distal projection
of one of the elements in the centre of the cone. In the standard orientation
for side view, the median extinction line bifurcates to the left and to the
right in the cone.

Dimensions: diameter: 4—6 u., height: 5-7 u.

Distribution: Spain: H. kleinpellii Zone, D. mohleri Zone; Israel: D. mohleri
Zone.
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Sphenolithus radians Deflandre
(pl. 7, fig. 9)

Sphenolithus radians Deflandre, in Grassé, 1952, p. 466, fig. 343, J-K; fig. 363, A-G; Perch-Nielsen,
19714, p. 53, pl. 47, figs. 1-9; pl. 48, figs. 1—7; Perch-Nielsen, 1977, pl. 31, fig. 8.

Remarks: The low column is composed of 7 to 11 elements. The basal part
of the cone consists of 2 to 4 cycles of basically wedge-shaped elements. The
upper part of the cone is formed of about four, radially arranged, blade-like
elements. In early specimens these blades are not as high as in later ones.
Dimensions: diameter: 4—6 u., height: 610 u.

Distribution: Spain: T. contortus Zone — N. fulgens Zone; Israel: T. contor-
tus Zone — D. sublodoensis Zone.

Sphenolithus spiniger Bukry

Sphenolithus spiniger Bukry, 1971, p. 321, pl. 6, figs. 10—12;pl. 7, figs. 1, 2; Perch—nielsen, 1977, pl.
31, figs. 6, 7 (?).

Remarks: In this species the column is higher than the cone. The lower part

of the cone shows two superposed cycles of radially arranged wedges; these

surround three or four subvertical, short, central blades. Specimens have an

equilateral-triangular outline in side view.

Dimensions: diameter: 4 -5 u., height: 47 .

Distribution: Spain: N. fulgens Zone.

Sphenolithus furcatolithoides Locker

Sphenolithus furcatolithoides Locker, 1967, p. 363, pl. 1, figs. 14—16; text-figs. 7, 8; Perch-Nielsen,
19714, p. 53, pl. 49, figs. 1—4; Perch-Nielsen, 1977, pl. 31, figs. 2—5.

Remarks: The species has a low column. The cone is composed of a low
basal cycle, and two high, blade-like central elements, which are joined at their
base, but which diverge distally. In our material the free, outwards bending
parts are generally broken off.

Dimensions: height: 58 u.

Distribution: Spain: N. fulgens Zone.

Sphenolithus obtusus Bukry

Sphenolithus obtusus Bukry, 1971, p. 321, pl. 6, figs. 1—9; Perch-Nielsen, 1977, pl. 31, fig. 1.

Remarks: The species is composed of a low column and a high cone. The
basal cycle of the cone is very thin and hardly observable in the L.M. The
distal part seems to be composed of four blades, which are normal to each
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other. The species owes its name to the obtuse angle formed by the extinc-
tion lines between the column and the cone in side view.

Dimensions: height: 612 p.

Distribution: Spain: N. fulgens Zone.

Family FASCICULITHACEAE Hay and Mohler, 1967

Genus Fasciculithus Bramlette and Sullivan, 1961

Type species: Fasciculithus involutus Bramlette and Sullivan, 1961
Description:

Shape: The species have the form of a massive cylinder. One side of the
cylinder is pointed or convex; the other side shows a conical depression. The
latter side is considered to be proximal, the other distal. The species show
radial symmetry.

Construction: Most species are composed of a high or a low column, super-

posed by a high or low cone.
cone wedge
@centv‘al
bod\/
column

side vertical
distal proximal cross-section

p

side distal
+-nic9|s,1xt tonicols, 1a
standard orientation

Fasciculithus

‘ e fenestrae

face

Column: This structure consists of radially arranged, high, wedge-shaped
elements. The outer surface of each wedge shows a median ridge over the
total height, which gives the column a rosette-like outline in plane view. All
wedges have the same length, or groups of longer and shorter ones alternate.
In the latter case the species have a starlike outline in plane view, and on the
sides of the column slightly concave, larger faces are formed. In these faces
smaller or larger holes may occur, which are here called fenestrae. A com-
mon configuration of these fenestrae is given above. Distally the column is
slightly concave.

Many species show a conical or diamond-shaped body in the distal centre
of the column. This central body can only be observed in side view in the
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L.M.;it is dark in cross-polarized light.

Cone: This structure may have the form of a cone, a dome or a spine. It
is composed of clockwise imbricating (or spiralling) elements. Generally,
their number is lower than the number in the column. The sutures are lae-
vogyre in distal view.

Specific criteria: The species are based on the morphology and the composi-
tion of the column and the cone.
Standard orientations:

Distal view: Cone upwards, concave side of column downwards.

Side view: Cone pointing in the positive direction of the Y-cross-hair, base
of the column parallel to the X-cross-hair.

Extinction lines: In the standard orientation for distal view, the lines are
parallel to the cross-hairs, and bisect each other in the centre of the nanno-
lith.

In the standard orientation for side view, a straight median extinction line
can be observed in the column and the cone. In some species the line is curv-
ed in the cone.

Colour patterns: In the standard orientation for distal view, the second and
the fourth quadrant are blue; the others are yellow.

In the standard orientation for side view, the left half of the nannolith is

blue, the other half is yellow.
Differential diagnosis: In the L.M., and in plane view, Fasciculithus can
easily be distinguished from the closely related Heliolithus with the aid of
the extinction lines; the angle between the lines and the cross-hairs is 0° in
Fasciculithus, while it is about 20° in Heliolithus.

Fasciculithus magnus Bukry and Percival
(pl. 9, fig. 14)

Fasciculithus magnus Bukry and Percival, 1971, p. 131, pl. 4, figs. 9—12; Perch-Nielsen, 1977, pl. 11,
figs. 4—12, pl. 49, figs. 10, 16, 22.

Remarks: This large species is composed of a column and a central body
only; a well-defined cone is absent. The column consists of 2535 wedges
with a smooth outer surface. The base of the column is slightly concave;at
the distal side a deep, conical depression is present. The sutures are radial in
proximal view, but in distal view they are oblique counter-clockwise.

The central body, lying at the base of the distal depression, shows an
equilateral-triangular cross-section in side view. In the same view, vague in-
cisions can be observed in the inner, upper part of the column.

Dimensions: diameter: 10--12 ., height: 1015 u.
Distribution: Spain: E. macellus Zone; Israel: E. macellus Zone.
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Fasciculithus magnicordis nov. sp.

(pl. 9, figs. 12, 13)

Derivation of name: from magnus (lat.), large, and cors (lat.), heart.
Description: This species is composed of a distally tapering column and a
central body. The column consists of 20 to 30 wedges with a smooth outer
surface. The proximal side of the column is flat to slightly concave; the distal
side is concave. The sutures are slightly oblique anti-clockwise in distal view;
in proximal view they are radial.

The central body is relatively large, and it extends from the distal depres-
sion to, or almost to the proximal side. In the L.M. the body shows a cut-
diamond-like cross-section in side view. In the same view, a vague incision
can be observed in the upper, inner part of the column.

Differential diagnosis: F. magnicordis can be distinguished from the closely
related F. magnus by its smaller size, and by its relatively larger central body.
Dimensions: height: 68 u., diameter: 8—10 u.

Holotype: T 367a, pl. 9, fig. 12, from sample SP609, E. macellus Zone.
Type locality: Barranco del Gredero.

Stratum: Jorquera Formation, Member C.

Age: Barly Paleocene.

Paratypoid: T 367b, pl. 9, fig. 13, sample SP609.

Distribution: Spain: E. macellus Zone.

Fasciculithus ulii Perch-Nielsen
(pl. 4, fig. 7)
Fasciculithus ulii Perch-Nielsen, 1971c, p. 350, pl. 2, figs. 1—4; pl. 14, figs. 17, 18; Perch-Nielsen,

1977, pl. 10, figs. 18--20; pl. 11, figs. 1—3; pl. 49, figs. 23—25.
Fasciculithus cf. F. ulii Perch-Nielsen, Roth, 1973, partim, p. 734, pl. 16, fig. 2, non pl. 16, fig. 1.

Remarks: The column and the relatively low cone are composed of 20 to 30
elements. The column has an irregular outer surface. The cone surrounds a
depression, at the base of which the central body lies. This body shows an
equilateral cross-section in side view. In the same view, vague incisions can be
observed in the inner, uppermost part of the column.

Dimensions: diameter: 5—7 p., height: 510 .

Distribution: Spain: E. macellus Zone, F. tympaniformis Zone; Israel: E.
macellus Zone, F. tympaniformis Zone.

Fasciculithus bitectus nov. sp.
(pl. 9, fig. 15)

Derivation of name: “with two roofs” (lat.).
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Description: The column of this species consists of 20 to- 30 elements with
smooth outer surfaces. It tapers slightly in proximal direction, and it shows a
conical basal depression. The central body has a triangular cross-section in
side view; it is larger in earlier specimens than in later ones.

The cone extends both in distal and lateral direction; it extends to, or al-
most to the margin of the column. The cone is covered by a convex, cen-
trally depressed, distal cycle of elements. The sutures in this cycle are obli-
que anti-clockwise in distal view. The diameter of this cycle is larger than
that of the column and the cone.

Differential diagnosis: The species differs from F. janii in the presence of a
distal cycle. It can be distinguished from species of Heliolithus by the orien-
tation of the extinction lines in distal or proximal view: in F. bitectus they
are paralle]l to the polarization directions, while they make an angle with
these in Heliolithus.

Dimensions: diameter: 6—8 ., height: 78 u.

Holotype: T 368a, pl. 9, fig. 15, from sample 1R85, E. macellus Zone.

Type locality: Nahal Avdat.

Stratum: Taqgiye Formation, Lower Marl Member.

Age: Early Paleocene.

Distribution: Spain: E. macellus Zone — F. tympaniformis Zone; Israel: E.
macellus Zone — F. tympaniformis Zone.

Fasciculithus janii Perch-Nielsen
(pl. 5, fig. 1)

Fasciculithus janii Perch-Nielsen, 1971, p. 352, pl. 5, figs. 1—4; pl. 14, figs. 37—39; Perch-Nielsen,
1977, pl. 12, figs. 2—5, 8—18; pl. 49, fig. 26.

Remarks: The column and the cone are composed of 20 to 30 elements. The
column forms an upwards and outwards flaring, distal edge, with anti-clock-
wise imbricating elements. In the L.M., and in side view, vague incisions can
be observed, running inwards from the junction of the edge and the column.
The cone is dome-shaped, and consists of slightly clockwise imbricating
elements. The central body shows a triangular cross-section in side view.
F. janii differs from F. ulii in the presence of a flaring edge and in the
larger diameter of the cone.
Dimensions: diamater: 5—7 ., height: 69 u.
Distribution: Spain: F. tympaniformis Zone; Israel: E. macellus Zone, F.
tympaniformis Zone.
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Fasciculithus tympaniformis Hay and Mobhler

Fasciculithus tympaniformis Hay and Mohler, in Hay et al., 1967, p. 447, pl. 8, figs. 1-5; plL. 9, figs.
1—5; Perch-Nielsen, 1971c, p. 349, pl. 1, figs. 1—5; Edwards and Perch-Nielsen, 1975, pl. 1, figs.
2--8;pl. 5, figs. 1—3.

Fasciculithus involutus Bramlette and Sullivan, Wind and Wise, 1977, p. 295, pl. 14, fig. 12; pl. 15,
figs. 1-6; pl. 16, figs. 1—6; Perch-Nielsen, 1977, pl. 10, figs. 22, 23.

Remarks: The column of this species is composed of 16 to 30 elements with
a smooth outer surface. The column is parallel-sided, or it tapers slightly in
distal direction.

The low cone consists of clockwise imbricating elements, separated by lae-
vogyre sutures. The number of elements is equal to, or lower than that in the
column.

The small central body has a trapezoidal cross-section in side view. It was
observed only in early populations of the species.

In typical specimens the median extinction line bends to the left distally
in the standard orientation for side view.

Dimensions: diameter: 5—8 ., height: 6--9 p.
Distribution: Spain: F. tympaniformis Zone — T. contortus Zone; Israel: F.
tympaniformis Zone — T. contortus Zone.

Fasciculithus billii Perch-Nielsen
Fasciculithus billii Perch-Nielsen, 1971c, p. 352, pl. 4, fig. 11; pl. 5, figs. 5—10; pl. 14, figs. 3133,

Remarks: The column and the cone of this species show 20 to 30 elements.
The column is parallel-sided, but it has deep furrows.

The cone projects slightly beyond the upper edge of the column.

The central body has a subquadrangular outline in side view. F. billii dif-
fers from F. ulii in its low cone; intermediate forms occur frequently in the
F. tympaniformis Zone.

Dimensions: diameter: 5—8 u., height: 5—8 u.
Distribution: Spain: F. tympaniformis Zone; Israel: F. tympaniformis Zone.

Fasciculithus clinatus Bukry

Fasciculithus clinatus Bukry, 1971b, p. 318, pl. 4, figs. 8, 9.

Remarks: F. clinatus differs from F. tympaniformis in its strongly distally
tapering sides; typical specimens show an almost triangular outline in side
view. In the standard orientation for side view the median extinction line
curves to the left or to the right, distally, or it bifurcates to*form a V-like
pattern.
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Intermediate forms between F. tympaniformis and F. clinatus were ob-
served in the D. mohleri Zone.
Dimensions: diameter: 5—6 u., height: 57 p.
Distribution: Spain: D. mohleri Zone, D. multiradiatus Zone; Israel: D,
mohleri Zone, D. multiradiatus Zone.

Fasciculithus bobii Perch-Nielsen
Fasciculithus bobii Perch-Nielsen, 1971c, p. 351, pl. 1, fig. 6; pl. 3, figs. 1—6; pl. 14, figs. 34—36.

Remarks: The parallelsided column of this rare species consists of 20 to
30 wedges. A single cycle of larger fenestrae occurs in the upper part of the
column. Each fenestra extends over one or two wedges. The cone is compos-
ed of a low number of laevogyre ridges.

Dimensions: diameter: 8—10 u., height: 810 p.

Distribution: Spain: D. multiradiatus Zone; Israel: D. mohleri Zone, D. mul-
tiradiatus Zone.

Fasciculithus tonii Perch-Nielsen

Fasciculithus tonii Perch-Nielsen, 1971c¢, p. 354, pl. 7, fig. 4; pl. 14, figs. 15, 16,
Fasciculithus mitreus Gartner, 1971, partim, p. 109, pl. 3, figs. 1, 2, 3a, b, non pl. 3, fig. 4.

Remarks: The column of this large, mitre-shaped species is built up of 20 to
30 wedges of unequal length. Groups of longer elements alternate with
shorter ones, resulting in a star-like outline in plane view. The column shows
two to three superposed cycles of large fenestrae; each fenestra extends over
several wedges. The high and wide cone consists of 10 to 15 elements, which
spiral clockwise in distal view.

Dimensions: diameter: 12—17 u., height: 1417 u.

Distribution: Spain: D. multiradiatus Zone; Israel: D. multiradiatus Zone.

Fasciculithus lillianae Perch-Nielsen
(pl. 5, fig. 3)

Fasciculithus lillianae Perch-Nielsen, 1971c, partim, p. 353, pl. 6, fig. 1; pl. 14, figs. 40—42, non pl. 6,
fig. 3.

Remarks: This species consists only of a column. This column shows 8 to 12,
wide wedges with a smooth outer surface, which twist distally in clockwise
direction.

Dimensions: diameter: 6—10 u., height: 7—11 u.

Distribution: Spain: D. multiradiatus Zone; Israel: D, multiradiatus Zone.
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Fasciculithus alanii Perch-Nielsen

Fasciculithus alanii Perch-Nielsen, 1971c, p. 355, pl. 7, figs. 1-3; pl. 9, fig. 4; pl. 14, figs. 13, 14.
Fasciculithus lillianae Perch-Nielsen, 1971c, partim, p. 353, pl. 6, fig. 3, non pl. 6, fig. 1; pl. 14, figs.
40—42.

Remarks: The species is easily recognized by its high conical outline. The
column, composed of 10 to 15 wedges, has a starike outline in plane view.
The sides of the column show 5 to 7 faces, each with two rows of two to
three superposed, smaller fenestrae at the base, and a larger fenestra at the
top.

The high cone consists of 10 to 15, clockwise spiralling elements. Inter-
mediate forms between this species and F. lillianae occur frequently in the
D. multiradiatus Zone.

Dimensions: diameter: 6—8 u., height: 79 p.
Distribution: Spain: D. multiradiatus Zone; Israel: D. multiradiatus Zone.

Fasciculithus schaubii Hay and Mohler
(pl. 5, fig. 2)

Fasciculithus schaubii Hay and Mohler, 1967a, p. 1536, pl. 203, figs. 2, 4, 7, 10; pl. 204, figs. 1-3,
5—7; Perch-Nielsen, 1971c, p. 354, pl. 7, fig. 6; pl. 9, fig. 1; pl. 14, figs. 25—27;Haq and Lohmann,
1976, pl. 4, figs. 11, 12.

Fasciculithus richardii Perch-Nielsen, 1971c, p. 355, pl. 8, figs. 1—6.

Fasciculithus? sp. Edwards and Perch-Nielsen, 1975, pl. 8, fig. 7.

Remarks: The parallel-sided column of this species has a starlike outline

in plane view. Each of the four to six faces on the column show two vertical

rows of 3 to 4 fenestrae at the base, and a larger fenestra at the top, over the

total width of the underlying rows. The column is composed of 12 to 16

wedge-like elements; etched specimens (pl. 5, fig. 2) indicate that the wedges

are built up of a large number of layers, parallel to the base of the nannolith.
F. richardii is considered as a variant of F. schaubii which has a low num-

ber of elements.

Dimensions: diameter: 8—12 u., height: 9—13 p.

Distribution: Spain: D. multiradiatus Zone; Israel: D. multiradiatus Zone.

Fasciculithus involutus Bramlette and Sullivan
(pl. 5, figs. 4, 5)

Fasciculithus involutus Bramlette and Sullivan, 1961, partim, p. 164, pl. 14, figs. 13, non pl. 14, figs.
4, 5; Hay and Mohler, 1967a, p. 1537, pl. 203, figs. 1, 3, 6, 9; pl. 204, figs. 4, 8, 9; Perch-Nielsen,
1971¢,p. 351, pl. 4, figs. 1-10; pl. 7, fig. 5; pl. 14, figs. 28—30.

Non Fasciculithus involutus Bramlette and Sullivan, Stradner, in Gohrbandt, 1963, p. 79, pl. 10, figs.
14,15,
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Non Fasciculithus involutus Bramlette and Sullivan, Wind and Wise, 1977, p. 295, pl. 14, fig. 12; pl.
15, figs. 1—6;pl. 16, figs. 1—6.

Remarks: The parallelsided to slightly distally tapering column shows 7 to
9 faces. Each face displays two vertical rows of three, smaller fenestrae,
superposed by a large, distal fenestra.

The low cone shows clockwise imbricating elements.

Wind and Wise pointed out that the holotype of this species might be an
etched specimen of F. tympaniformis. In our opinion, however, it is not:
F. involutus has a star-like outline in plane view, while even strongly etched
specimens of F. tympaniformis have a circular outline in this view. In addi-
tion F. involutus is smaller, it has a more restricted stratigraphic range, and
the fenestrae are more regularly arranged.

Dimensions: diameter: 5—6 u., height: 5—6 u.
Distribution: Spain: D. multiradiatus Zone.

Fasciculithus thomasii Perch-Nielsen
Fasciculithus thomasii Perch-Nielsen, 1971, p. 353, pl. 6, figs. 5, 6; pl. 9, fig. 3.

Remarks: The strongly distally tapering column is composed of 16 to 20
elements which differ in length; as a result the base has a star-like outline in
proximal view. The configuration of the fenestrae in the 6 to 7 faces is basic-
ally the same as in F. involutus, but the fenestrae are smaller.

The cone is modified to a plate-like structure, which is concave in distal
direction. This deviating type of cone gives the specimens an egg-timer-like
outline in side view.,

Dimensions: diameter: 5—6 u., height: 5—6 u.
Distribution: Spain: D. multiradiatus Zone, T. contortus Zone.

Family HELIOLITHACEAE Hay and Mohler, 1967

Genus Heliolithus Bramlette and Sullivan, 1961

Type species: Heliolithus riedelii Bramlette and Sullivan, 1961
Description:

Shape: The shape of the species in this genus is rather variable; the species
may be mushroom-, egg-timer- or disc-shaped. They are invariably circular in
plane view, and they show radial symmetry. The widest side of the nannolith
is considered to be distal.

Construction: The species are composed of three superposed cycles of
elements, which differ in diameter and thickness. The cycles may or may not
close the centre.
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These cycles are: a distal cycle, a median cycle and a column, all with the
same number of elements.

Column: This cycle has the form of a high or low, parallel-sided, or
distally somewhat tapering cylinder. Generally, the diameter of the cylinder
is larger than the height. Proximally, it shows a cone-like depression, distally
it is convex. Its elements are tangentially arranged. The sutures are oblique
anti-clockwise in distal view.

istal cyel
distal cycle distal aycle

median cycle

proximal

Heliolithus

distal cycle

median cycle
N column

cross-section
+-nicols, ia, standard orientation

Median cycle: The diameter of this cycle is slightly larger than that of the
column. The cycle has the form af a thin disc. The sutures are oblique anti-
clockwise in distal view.

Distal cycle: This cycle projects beyond the other two. It has the form of
a disc or of a distally opening, truncated cone. The lath-like or wedge-like
elements are marginally pointed. The sutures are oblique anti-clockwise in
distal view.

Specific criteria: The species are distinguished according to the relative pro-
portions of the cycles and on their orientation.
Standard orientations:

Distal view: Side with the largest diameter turned upwards.

Side view: Distal cycle parallel to the X-cross-hair; axis of the column
parallel to the Y-cross-hair.

Extinction lines: In the standard orientation for distal view,, the lines are
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laevogyre. The lines are straight over most of their length, and curve mar-
ginally. The straight parts make an angle of about 20° with the polarization
directions in clockwise direction, in distal view.

In the standard orientation for side view a straight, median extinction line
can be observed.
Colour patterns: In the standard orientation for distal view, the larger parts
of the second and fourth quadrants are blue; the other sectors are yellow.

In the standard orientation for side view, the left half of the column, the
left half of the distal cycle and the right half of the median cycle are blue;

the other halves are yellow.

Heliolithus elegans (Roth) nov. comb.
(pl. 5, fig. 6)

Bomolithus elegans Roth, 1973, p. 734, pl. 15, figs. 1-4, 5 (?), 6; Perch-Nielsen, 1977, pl. 12, fig. 1.

Remarks: The species was transferred to the genus Heliolithus because it
is composed of three superposed cycles, and because of its behaviour in
cross-polarized light.

The cycles show 25 to 40 elements. Diagnostic features for this species are
the high, proximally flaring (or parallel sided) column, and the well dif-
ferentiated median cycle with elements which imbricate anti-clockwise in
proximal view. The centre may be open or closed.

Dimensions: diameter: 7—11 u., height: 7—9 u.
Distribution: Israel: F. tympaniformis Zone, H. kleinpellii Zone.

Heliolithus cantabriae Perch-Nielsen

Heliolithus cantabriae Perch-Nielsen, 1971b, p. 55, pl. 2, figs. 1, 3, 5, 7; pl. 7, figs. 33—36; Perch-
Nielsen, 1977, pl. 3, figs. 9, 13, 17.
Fasciculithus rotundus Haq and Lohmann, 1976, p. 182, pl. 4, figs. 8, 9.

Remarks: The species differs from H. kleinpellii in its higher column, its
narrower central canal, and the relatively smaller diameter of the distal cycle.
The latter cycle is flat or concave in distal direction.

Dimensions: diameter: 8—-14 u., height: 7—11 u.

Distribution: Spain: H. kleinpellii Zone — D. multiradiatus Zone; Israel: F.
tympaniformis Zone — D. mohleri Zone.

Heliolithus kleinpellii Sullivan

Heliolithus aff. H. kleinpellii Bramlette and Sullivan, Bramlette and Sullivan, 1961, p. 164, pl. 14,
fig. 12.
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Heliolithus kleinpellii Sullivan, 1964, p. 193, pl. 12, fig. 5; Hay and Mohler, 1967, p. 1531, pl. 199,
figs. 4—7; pl. 200, figs. 1, 4; Perch-Nielsen, 1971c, p. 54, pl. 2, figs. 2, 4, 6; pl. 7, figs. 26, 27.

Remarks: The cycles of this species show 29 to 50 elements. The parallel-
sided column is wide and low; the centre is open.

The median cycle is about the same height as the column, but the dia-
meter is somewhat larger. The cycles are connected along a sawtooth-like
suture,

The distal cycle is almost flat and projects far beyond the lower cycles.
The centre of this cycle may be open or closed.

Dimensions: diameter: 11—15 u., height: 45 y.
Distribution: Spain: H. kleinpellii Zone, D. mohleri Zone, Isracl: H. klein-
pellii Zone, D. mohleri Zone.

Heliolithus megastypus (Bramlette and Sullivan) nov. comb.
(plL. 5, figs. 7, 8)
Discoasteroides megastypus Bramlette and Sullivan, 1961, p. 163, pl. 13, figs. 14, 15; Perch-Nielsen,

1971¢, pl. 1, fig. 6; Perch-Nielsen, 1977, pl. 10, figs. 6, 7—16.
Discoasteroides megastypus (?) Bramlette and Sullivan, Perch-Nielsen, 1977, pl. 13, fig. 14.

Remarks: The species is composed of a high column, a wide median cycle
and a very reduced distal cycle. Each cycle has 26 to 35 elements. The closed
column is parallel-sided or tapers slightly in proximal direction. Its top is
conical and its base shows a conical depression. The central ridges on the
clements continue in the conical top. The sutures are radial to slightly obli-
que clockwise in proximal view.

The median cycle projects far beyond the column. The cycle is centrally
depressed at both sides. The sutures are radial in proximal view, but they are
slightly oblique anti-clockwise in distal view.

The distal cycle, if present, is verty thin; the sutures are subradial in distal
view,

All previous authors have assigned this species to the genus Discoasteroides
because of the presence of a “heliolithic” stem. In the type species of this
genus (Discoasteroides kuepperi), however, this stem is formed by a proxi-
mal elongation of the rays and is not a separate structure as in H. megas-
typus.

Specimens with a completely or almost completely reduced column and/
or distal cycle occur frequently in the upper part of the D. mohleri Zone
and in the lower part of the D. multiradiatus Zone; they are transitional be-
tween H. megastypus and D. multiradiatus.

Dimensions: diameter: 7—11 ., height: 5—8 p.
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Distribution: Spain: D. mohleri Zone — D. multiradiatus Zone; Israel: D.
mohleri Zone, D. multiradiatus Zone.

Family DISCOASTERACEAE Vekshina, 1959

Genus Discoaster Tan Sin Hok, 1927

Type species: Discoaster pentaradiatus Tan Sin Hok, 1927
Description:

Shape: The species are star-shaped or rosette-like in plane view. In side
view they are biconvex, biconcave, concavo-convex or plano-convex. All
species show radial symmetry.

Construction: The species are basically constructed of radially arranged,
wedge-shaped elements. The sutures are straight or slightly dextrogyre on
one side of the asterolith (facies inferior) and laevogyre on the other side
(facies superior). When the elements are simple and joined over most of
their length, they are called rays; when they are free-standing over most of
their length and ornamented they are called arms.

Group1 Group 2

arm ray

proximal distal distal proximal

Discoaster
Discoaster

distal proximal
+-nicols, Ix +-nicols, Ix

cross-section
+-nicols, 1a, standard orientation

O

Specific criteria: The species are differentiated on the basis of the shape
and the number of the arms/rays and the form of the central disc.

Obervations in cross-polarized light: In plane view, Discoaster species show
a low birefringence between crossed nicols. On the basis of the extinction
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pattern two groups of species can be distinguished in the genus:

Group 1: the asteroliths do not show a regular extinction cross; asteroliths
with ornamented arms belong to this group.

Group 2: the species show a regular extinction cross. The extinction lines
are sharpest when the focus is raised somewhat above the asterolith, if the
side with laevogyre sutures is lying upwards (or lowered if the other side lies
upwards).

The lines are normal to each other and bisect in the centre of the astero-
lith. They are straight over the larger part of their length. When the side with
laevogyre sutures lies upwards the lines make an angle of about 20° in clock-
wise direction with the polarization directions. In this orientation the lines
are laevogyre marginally. In the closely related genus Heliolithus the side of
the nannolith showing this orientation of the lines is considered to be distal;
it seems reasonable therefore to consider the side of an asterolith where the
sutures are laevogyre as the distal side, regardless whether it is concave or
convex. Asteroliths in which the elements are joined over most of their
length belong to this group.

Standard orientations:

Distal view: Side with laevogyre sutures turned upwards.

Side view: Distal side in the positive direction of the Y-cross-hair; longer

axis of the asterolith parallel to the X-cross-hair.
Colour patterns: Regular extinction patterns can be observed only in astero-
liths of group 2. In distal view, the larger part of the second and the fourth
quadrant is blue; the other quadrants are yellow. In the standard orientation
for side view, the right half of the asterolith is blue, the other half is yellow.
Differential diagnosis: Discoaster differs from all other genera, which have
radial symmetry in the low birefringence in cross-polarized light.

GROUP 1

Discoaster bramlettei (Bukry and Percival) nov. comb.

Discoasteroides bramlettei Bukry and Percival, 1971, p. 129, pl. 3, figs. 10—12; Perch-Nielsen, 1977,
pl. 13, figs. 6, 7. :

Markalius variabilis Perch-Nielsen, 1977, p. 747, pl. 13, figs. 11, 12, 15, 16, 18—20; pl. 50, figs. 15—
20.

Remarks: Early specimens of this species show characteristics of the genus
Heliolithus, while later types show a morphology which is more typical for
Discoaster. In distal view the following cycles can be discerned: (a) a wide
outer cycle of elements separated by counter-clockwise oblique sutures (=
distal side of median cycle in Heliolithus), (b) a middle cycle of elements
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with anti-clockwise oblique to subradial sutures (= distal side of the distal
cycle in Heliolithus), (c) an inner cycle of elements separated by anti-clock-
wise oblique to hook-shaped sutures (= distal side of column in Heliolithus).

In proximal view one can observe (a) a wide outer cycle of elements se-
parated by subradial sutures (= proximal side of median cycle in Heliolithus),

(b) a narrow, central cycle with subradial sutures (= proximal side of column
in Heliolithus).

distal cycle
median cycie

column

distal proximal
Discoaster bramiettei

e

cross-section

+-nicols, 1A, standard orientation

The centre may be open or closed, and one or more of the central cycles
may be absent. The number of elements in the outer cycle decreases rapidly
from more than 20 in early forms to 1116 in late forms.

In cross-polarized light, only the central cycles show high interference
colours.

Dimensions: diameter: 8—11 p.
Distribution: Israel: H. kleinpellii Zone, D. mohleri Zone.

Discoaster mohleri Bukry and Percival
(pl. 5, fig. 9)
Discoaster gemmeus Stradner, Hay and Mohler, 1967a, p. 1538, pl. 204, figs. 19—21; pl. 205, figs.
1-3; pl. 206, figs. 3, 5, 6, 8; Haq, 1971a, p. 37, 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; Haq and Lohmann, 1976, pl. 2,
figs. 1, 2.

Remarks: This biconvex species shows 9 to 19 rays, which are joined through
most of their length. Typical specimens have rounded tips. The rays are
axially highest, and the sutures between them are deeply incised. The rays
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of opposite quadrants may be connected centrally. Transitional forms be-
tween this species and D. nobilis occur frequently in the D. mohleri Zone.
Dimensions: diameter: 5—12 u.

Distribution: Spain: D. mohleri Zone, D. multiradiatus Zone; Israel: D.
mohleri Zone, D. multiradiatus Zone.

Discoaster mediosus Bramlette and Sullivan

Discoaster mediosus Bramlette and Sullivan, 1961, p. 161, pl. 12, figs. 7, 8; Hay and Mohler, 1967a,
p. 1539, pl. 204, figs. 17, 18; pl. 206, fig. 2; Wind and Wise, 1977, pl. 17, fig. 7.

Remarks: The diameter of the central disc is relatively large. The free-stand-
ing parts of the rays are parallelsided and smooth, or they taper outward
and are irregular. The tips of the rays are rounded. The number of rays varies
from 7 to 12, and a proximal and/or distal knob may be present.
Dimensions: diameter: 10—15 u.

Distribution: Spain: D. multiradiatus Zone — T. contortus Zone; Israel: D.
mohleri Zone — T. contortus Zone.

Discoaster nobilis Martini

Discoaster nobilis Martini, 1961, p. 11, pl. 2, fig. 23; pl. 5, fig. 51; Hay and Mohler, 1967a, p. 15338,
pl. 204, fig. 16; pl. 205, figs. 6, 9; Haq and Lohmann, 1976, pl. 2, fig. 7.

Remarks: The tips of the 8 to 13 rays of this biconvex species are pointed.
The extent to which the rays are joined is highly variable. The tips of the
rays may point in clockwise, anti-clockwise or radial direction. The sutures
at the distal side are curved (laevogyre) or hook-shaped. Near the centre of
the disc the elements may be somewhat raised at one side or at both sides,
thus forming a low central cone.

Dimensions: diameter: 6—20 u.

Distribution: Spain: D. multiradiatus Zone; Israel: D. multiradiatus Zone.

Discoaster falcatus Bramlette and Sullivan

Discoaster falcatus Bramlette and Sullivan, 1961, p. 159, pl. 11, figs. 14, 15; Haq, 1969, p. 8, pl. 5,
fig. 2; text-fig, 2.

Discoaster limbatus Bramlette and Sullivan, 1961, p. 160, pl. 12, fig. 3; Haq and Lohmann, 1976,
pl. 2, fig. 10.

Remarks: This rare species shows 6 to 10, thin rays with pointed tips. The
right margin of each ray shows a thickening in distal view. These ridges are
curved laevogyre in distal view. They continue into the centre, where they
are connected by a circular ridge. Thus a low knob is formed.
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Bramlette and Sullivan separated D. limbatus from D. falcatus on the basis
of the irregular outline of the outer parts of the rays of the former species.
In our material, however, it was observed that the outline depends on the
focus level: at a high focus and in distal view the outline appears to be
smooth; at a lower focus level the outline is irregular.

Dimensions: diameter: 8—20 u.
Distribution: Spain: D. multiradiatus Zone.

Discoaster splendidus Martini

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, fig. 18; Haq and Lohmann, 1976,
pl. 2, fig. 12; Wind and Wise, 1977, pl. 17, fig. 6.

Remarks: The 8 to 15 rays of this rare species are joined along most of their
length, and they show pointed tips. The thin faces of the rays are thickened
marginally. These ridges unite in the centre, where they are connected by a
circular ridge. Thus a low knob is formed, which is higher and wider at the
distal side than at the proximal side of the asterolith. Transitional forms
between this species and D. falcatus occur in the D. multiradiatus Zone.
Dimensions: diameter: 911 u.

Distribution: Spain: D. multiradiatus Zone.

Discoaster araneus Bukry
(pl. 6, figs. 7, 8)

Rhomboaster calcitrapa Gartner, 1971, partim, p. 114, pl. 4, fig. 2, non pl. 4, figs. 3—6.
Discoaster araneus Bukry, 1971, p. 45, pl. 2, fig. 1-3.

Remarks: The 7-10 rays are joined along 1/2 to 1/3 of their length. They
are of unequal length, do not necessarily lie in the same plane and the angles
between them are variable.

In distal view the slender, outward tapering rays are straight or they are
curved laevo- or dextrogyre. A rather high stem with irregular outline is
present in the centre of the proximal side. The convex distal side shows
hook-shaped sutures.

Dimensions: diameter: 11—-20 u.
Distribution: Caravaca: D. multiradiatus Zone.

Discoaster ornatus Stradner

Discoaster ornatus Stradner, 1958, p. 188, fig. 38; Stradner and Papp, 1961, p. 64, pl. 2, figs. 1—6;
text-fig. 8/2.
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Remarks: The 5 to 10 rays are joined along about half their length. The free
parts are rounded or they have an angular outline. The rays are highest
axially, and the sutures are deeply incised; narrow U-like incisions occur in
the interradial areas. The sutures at the distal side are curved or hook-shaped.
Dimensions: diameter: 6—15 u.

Distribution: Spain: T. contortus Zone —T. orthostylus Zone; Israel: T. con-
tortus Zone, D. binodosus Zone.

Discoaster binodosus Martini
(pl. 7, fig. 2)
Discoaster binodosus Martini, 1958, p. 361, pl. 4, figs. 18, 19; Bramlette and Sullivan, 1961, p. 158,
pl. 11, fig. 1; Stradner and Papp, 1961, p. 66, pl. 4, figs. 1—7; pl. 5, figs. 16 text-fig. 8/4.
Discoaster binodosus binodosus Martini, 1958, p. 362, pl. 4, fig. 18; Perch-Nielsen, 1971, p. 61, pl. 52,
fig. 6.
Discoaster binodosus hirundinus Martini, 1958, p. 362, pl. 4, fig. 19; Perch-Nielsen, 1971, p. 62, pl.
52, fig. 7.
Non Discoaster binodosus hirundinus Martini, Perch-Nielsen, 1967, p. 30, pl. 7, figs. 1—4.
Remarks: The shape of the 7 to 9 arms of this species is highly variable: the
arms are long or short, they are parallel-sided or taper outwards, and they
have or do not have a terminal bifurcation. The rounded interradial incisions
and the presence of at least one set of paired nodes are, however, charac-
teristic of this species.
Dimensions: diameter: 8—17 u.
Distribution: Spain: T. orthosylus Zone — N. fulgens Zone: Israel: D. bino-
dosus Zone — D. lodoensis Zone.

Discoaster deflandrei Bramlette and Riedel

Discoaster deflandrei Bramlette and Riedel, 1954, p. 399, pl. 39, fig. 6; text-fig. 1; Bramlette and

" Sullivan, 1961, p. 158, plL. 11, fig. 4; Stradner and Papp, 1961, p. 71, pl. 10, figs. 1—6; text-fig.
8/7.

Remarks: Specimens show 5 to 8 robust arms with an angular outline. The

bifurcating tips of the arms form an obtuse angle. The interradial incisions

are subcircular, Overgrown specimens of D. gemmifer, D. mirus and D.

binodosus may be very similar to this species.

Dimensions: diameter: 7—8 .

Distribution: Spain: T. orthostylus Zone — N. fulgens Zone; Israel: D.

binodosus Zone — T. orthostylus Zone.
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Discoaster mirus Deflandre

Discoaster mirus Deflandre, in Grassé, 1952, p. 465, fig. 362; Martini, 1961, p. 12, pl. 3, fig. 24;
Stradner and Papp, 1961, p. 68, pl. 6, figs. 1—6;pl. 7, figs. 1-5; text-figs. 8/5, 24/7.

Remarks: Specimens show 5 to 10, relatively short, robust arms. The arms
bifurcate in such a way that two lobes are formed, which enclose a sharp
angle. Each pair of lobes shows a pair of small nodes at its base. In speci-
mens with a high number of arms the nodes of adjacent arms almost touch
each other and nearly close the angular to rounded interradial incisions.
Dimensions: diameter: 1118 p.

Distribution: Spain: D. sublodoensis Zone — N. fulgens Zone; Israel: T.
orthostylus Zone — D. lodoensis Zone.

Discoaster gemmifer Stradner

Discoaster distinctus Martini, Stradner, 1959, p. 1086, fig. 20.

Discoaster gemmifer Stradner, 1961, p. 86, fig.- 83; Stradner and Papp, 1961, partim, p. 69, pl. 8,
figs. 3—10; pl. 9, figs. 1-5; pl. 24, figs. 4—6; text-fig. 8/6, non pl. 8, figs. 1, 2; Perch-Nielsen,
1971d, p. 63, pl. 53, figs. 3, 4.

Remarks: The number of arms in this species varies from 6 to 8. The tips
of the bifurcating arms form an angle of about 90°. The terminal pair of
nodes is separated from the tips of the arms by short incisions; specimens
in which these incisions are not well developed are very similar to D. de-
flandrei.

The arms are generally somewhat longer in later specimens than in earlier
ones.
Dimensions: diameter: 12—17 pu.
Distribution: Spain: D. lodoensis Zone — N. fulgens Zone; Israel: T. ortho-
stylus Zone — D. sublodoensis Zone.

Discoaster distinctus Martini

Discoaster nov. sp. Martini, 1959, p. 363, pl. 4, fig. 17.

Discoaster distinctus Martini, 1960, p. 395, pl. 6; Bramlette and Sullivan, 1961, p. 159, pl. 11, figs.
11—-13; Stradner and Papp, 1961, p. 72, pl. 11, fig. 1; text-fig. 8/8.

Non Discoaster distinctus Martini, Stradner, 1959, p, 1086, fig. 20; Stradner 1959, p. 484, figs. 33—39.

Remarks: The specimens show 5 to 8, terminally incised arms. Each arm has
paired lateral nodes just below the lowest point of the incision. The species
differs from D. binodosus in the more terminal position of the nodes.
Dimensions: diameter: 10—13 u.

Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone.
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Discoaster cruciformis Martini

Discoaster cruciformis Martini, 1958, p. 357, pl. 2, fig. 9; Bramlette and Sullivan, 1961, p. 158, pl. 11,
fig. 5; Perch-Nielsen, 1972, pl. 13, fig. 3.

Discoaster gemmifer Stradner, Stradner and Papp, 1961, partim, p. 69, pl. 8, figs. 1, 2, non pl. 8, figs.
3—10;pl. 9, figs. 1-5; pl. 24, figs. 4—6; text-fig. 8/6.

Remarks: This species is easily recognized by its four, strongly concavo-
convex, marginally bifurcating or blunt arms.

Dimensions: diameter: 10—12 u.

Distribution: Israel: T. orthostylus Zone — D. lodoensis Zone.

Discoaster colletii Parejas

Discoaster colletii Parejas, in Bersier, 1939, p. 237, figs. 18, 21; Stradner, 1959, p. 478, figs. 30—-32;
Stradner and Papp, 1961, p. 78, pl. 13, figs. 1—6; text-figs. 8/15, 24/8.

Remarks: The 5 to 7, almost wedge-shaped rays are separated by very
narrow and deep interradial incisions. Marginally the rays are slightly con-
cave.

Dimensions: diameter: 8—13 u.

Distribution: Spain: D. lodoensis Zone — N. fulgens Zone; Israel: D. lodoen-
sis Zone.

Discoaster nonaradiatus Klumpp

Discoaster nonaradiatus Klumpp, 1953, p. 383, text-fig. 3/5; Bramlette and Sullivan, 1961, p. 162,
pl. 12, fig. 13; Stradner and Papp, 1961, p. 74, pl. 1, fig. 3; text-fig. 8/10.

Remarks: The few specimens found of this species show 7 or 8 arms. They
are slender and bifurcate marginally into two simple branches, which form
a large, obtuse angle.

Dimensions: diameter: 10 u.

Distribution: Spain: D. sublodoensis Zone.

GROUP 2

Discoaster multiradiatus Bramlette and Riedel
(pl. 6, figs. 1-3)
Discoaster multiradiatus Bramlette and Riedel, 1954, p. 396, pl. 38, fig. 10; Bramlette and Sullivan,
1961, p. 161, pl. 12, fig. 10;Hag and Lohmann, 1976, pl. 2, figs. 3—6.
Discoaster aff. D. multiradiatus Bramlette and Riedel, Perch-Nielsen, 1972, pl. 14, fig. 5.

Remarks: This easily recognizable, biconvex species of Discoaster has the
form of a rosette. It is composed of 16 to 35 rays, pointed marginally, which
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are joined along most of their length. The composition of the proximal and
distal central area is rather variable in early specimens. The following con-
figurations were observed in the proximal central area: (a) The sutures be-
tween the rays are straight and continue into the very centre, (b) The ele-
ments in the centre are separated by slightly dextrogyre sutures. In cross-
polarized light the centre is bright and shows dextrogyre extinction lines in
proximal view. This deviating central cycle is interpreted as a remnant of the
column in Heliolithus, (c) The rays are centrally enlarged in proximal direc-
tion, forming a short stem. The sutures in this stem are oblique clockwise.

column
distal cycle

Tz

~

T

a. b, c.
Variation in the configuration of the distal side of D.multiradiatus

il

column
b. [N

a.

\
N

Variationin the configuration of the proximal side of D.multiradiatus

In the distal central area: (a) the rays slightly imbricate clockwise near the
depressed centre; the sutures change their direction from slightly oblique
anti-clockwise to the opposite direction, (b) the centre shows a thin, distal
cycle of elements, separated by radial sutures. This cycle is interpreted asa
remnant of the distal cycle in Heliolithus, (c) the centre shows two con-
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centric cycles which may or may not close the area. These cycles are inter-
preted as remnants of the (extended) column and the distal cycle in Helio-
lithus. This type of centre is bright in cross-polarized light; the extinction
lines are laevogyre in distal view.

The mean number of rays is higher in earlier populations of this species
than in later ones.
Dimensions: diameter: 8—22 u.
Distribution: Spain: D. multiradiatus Zone — D. binodosus Zone; Israel:
D. multiradiatus Zone — D. binodosus Zone.

Discoaster lenticularis Bramlette and Sullivan

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; Radomski, 1968; p. 582, pl. 48, fig. 1.

Discoaster multiradiatus Bramlette and Riedel, Edwards, 1973, pl. 14, fig. 6.

Discoaster sp. Edwards and Perch-Nielsen, 1975, pl. 4, fig. 3.

Remarks: This rather small, centrally slightly depressed, biconvex species
is composed of a wide disc superposed by a small, central cycle of elements.
The distal cycle shows the same number of elements (18—27) as the disc;
the sutures are radial.

Dimensions: diameter: 5—8 p.

Distribution: Spain: D. multiradiatus Zone — T. contortus Zone; Israel: D.
multiradiatus Zone.

Discoaster perpolitus Martini
(pl. 6, fig. 4)

Discoaster perpolitus Martini, 1961, p. 9, pl. 2, fig. 20; pL. 5, fig. 50; Sullivan, 1965, p. 43, pl. 10, fig.
12.

Discoaster multiradiatus Bramlette and Riedel var., Bramlette and Sullivan, 1961, p. 162, pl. 12, fig.
11,

Discoaster aff. D. multiradiatus Bramlette and Riedel, Perch-Nielsen, 1972, pl. 14, fig. 5.

Discoaster elegans Bramlette and Sullivan, Perch-Nielsen, 1972, pl. 14, fig. 6.

Remarks: The species shows the same composition as, and is closely related
to D. multiradiatus; it differs only in having more delicate rays, which show
concentric ridges and thickened borders.

The species can be distinguished from D. elegans by its higher number of
elements and by the absence of a distal stem.
Dimensions: diameter: 9—19 y.
Distribution: Spain: D. multiradiatus Zone.
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Discoaster elegans Bramlette and Sullivan

Discoaster elegans Bramlette and Sullivan, 1961, p. 159, pl. 11, figs. 14, 15; Sullivan, 1964, p. 190,
pl. 10, figs. 5, 6.
Non Discoaster elegans Bramlette and Sullivan, Perch-Nielsen, 1972, pl. 14, fig. 6.

Remarks: The 15 to 17 thin rays are thickened marginally, and they may
show concentric ridges. A slender stem is present in the centre of the con-
cave, distal side.

Dimensions: 11-15 u.

Distribution: Spain: D. multiradiatus Zone.

Discoaster diastypus Bramlette and Sullivan

Discoaster diastypus Bramlette and Sullivan, 1961, p. 159, pl. 11, figs. 6—8; Perch-Nielsen, 19714,
p. 62, pl. 51, figs. 8, 10,

Discoaster aff. D. diastypus Bramlette and Sullivan, Bramlette and Sullivan, 1961, p. 159, pl. 11, figs.
9,10.

Discoaster spp. 2, 3 Perch-Nielsen, 1972, pl. 14, figs. 1, 2.

Remarks: This species is easily recognized by the presence of a central stem
at both sides of the disc. This stem is higher and wider at the proximal side
than at the other side.

The proximal stem consists of a low number of elements separated by
dextrogyre sutures in proximal view.

The distal stem is composed of the same number of elements as the disc
(12—17), and it shows dextrogyre sutures in distal view.

The rounded or pointed tips of the rays point in a clockwise, radial or
anti-clockwise direction.
Dimensions: diameter: 15—22 u,
Distribution: Spain: T. contortus Zone — T. orthostylus Zone; Israel: T.
contortus Zone — T. orthostylus Zone.

Discoaster barbadiensis Tan Sin Hok

(pl. 7, tig. 1)

“Kalkerdige Krystaldrusen” Ehrenberg, 1854, p. 155, pl. 24, fig. 67; pl. 25, figs. 13—15,

“Crystalloids of the Chalk” Jukes-Browne and Harrison, 1892, p. 178, text-figs. 4—6.

Discoaster barbadiensis Tan Sin Hok, 1927, p. 119; Bramlette and Riedel, 1954, p. 398, pl. 39, fig. 5;
Bramlette and Sullivan, 1961, p. 158, pl. 11, fig. 2; Perch-Nielsen, 1971, p. 61, pl. 51, fig. 5.

Remarks: The 11 to 18, marginally rounded or pointed rays are joined along
almost their total length. The rays in the centre of the proximal side bend in
proximal direction to form a high, proximally concave stem. The sutures in
the stem are dextrogyre in proximal view.

168



Dimensions: diameter: 9—11 u.
Distribution: Spain: D. binodosus Zone — N. fulgens Zone; Israel: D. bino-
dosus Zone - D. sublodoensis Zone.

Discoaster robustus Haq
Discoaster robustus Haq, 1969, p. 12, fig. 7; text-fig. 1c.

Remarks: The species is typified by its almost flat distal side and conical
proximal side, which gives the specimens a triangular outline in side view.
The 8 to 15 pointed or rounded rays are joined throughout their length.
Dimensions: diameter: 10—12 u.

Distribution: Spain: D. binodosus Zone — T. orthostylus Zone; Israel: D,
binodosus Zone — T. orthostylus Zone.

Discoaster pacificus Haq
Discoaster pacificus Haq, 1969, p. 11, pl. 4, figs. 4—7; text-fig. 3.

Remarks: Specimens of this species show 8 or 9 rays, which are joined along
about half their length. The free parts of the rays have a dextrogyre curva-
ture in distal view. In this view the left side of each ray shows a thickening,.
Centrally, the rays form a low distal and a somewhat higher proximal stem.
In the distal stem the sutures are subradial; in the proximal stem they are
dextrogyre in proximal view.

The species differs from the closely related D. diastypus in the lower
number of rays and the shorter proximal stem, and differs from the also
related D. lodoensis in the higher number of rays and the higher and wider
stems.

Dimensions: diameter: 16—22 u.
Distribution: Israel: D. binodosus Zone — T. orthostylus Zone.

Discoaster lodoensis Bramlette and Riedel

Discoaster lodoensis Bramlette and Riedel, 1954, p. 398, pl. 39, fig. 3; 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; Perch-
Nielsen, 19714, p. 64, pl. 52, fig. 2.

Remarks: In typical specimens the 5 to 7, pointed, in distal view dextrogyre
rays are free along most of their length. The left side of each ray is thickened
in distal view. The distal knob shows radial sutures, the proximal one, dex-
trogyre sutures in proximal view. The length of the rays is highly variable.
Dimensions: diameter: 16—26 pu.
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Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel: T.
orthostylus Zone — D. sublodoensis Zone.

Discoaster kuepperi Stradner

Discoaster kuepperi Stradner, 1959, p. 478, figs. 17, 21; Stradner and Papp, 1961, p. 93, pl. 27, figs.
1—6; text-figs. 9/6, 9/16; 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; Sulli-
van, 1964, p. 192, pl. 12, fig. 1, 2.

Non Discoasteroides kuepperi (Stradner) Bramlette and Sullivan, Hay and Towe, 1962, p. 515, pl. 10,
fig. 1.

Remarks: The 8 to 12, marginally rounded or pointed rays are joined along
almost their total length. Near the centre of the proximal side the rays ex-
tend in proximal and sideward direction to form a proximal cone. This cone
shows dextrogyre sutures in proximal view. The height and the width of the
cone are highly variable.

Dimensions: diameter: 8—14 u.

Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel: T.
orthostylus Zone — D. sublodoensis Zone.

Discoaster wemmelensis Achuthan and Stradner

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, fig. 6.

Remarks: This asterolith is composed of two superposed cycles of elements;
the distal cycle is wider and thicker than the proximal one. The cycles have
an equal number of elements (20—25). The elements are joined throughout
their length. The sutures are subradial on both sides of the asterolith.

The species closely resembles D. lenticularis, but in the latter species the
widest cyle is the proximal one.
Dimensions: diameter: 5—8 u.
Distribution: Spain: D. lodoensis Zone — N. fulgens Zone; Israel: D. lodoen-
sis Zone — D. sublodoensis Zone.

Discoaster sublodoensis Bramlette and Sullivan
Discoaster sublodoensis Bramlette and Sullivan, 1961, p. 162, pl. 12, fig. 6; Sullivan, 1965, p. 43, pl.
10, fig. 11;Perch-Nielsen, 1977, pl. 14, figs. 11, 12.
? Discoaster quinarius (Ehrenberg) Bersier, Stradner and Papp, 1961, p. 89, pl. 22, figs. 1—4, 8; text-
fig. 9/4.

Remarks: The 5 to 6, sharply pointed, straight rays are joined along about
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half their length. In typical specimens the sides of the rays are slightly con-
cave.

Dimensions: diameter: 8—13 u.

Distribution: Spain: D. sublodoensis Zone — N. fulgens Zone; Israel: D.
sublodoensis Zone.

Discoaster saipanensis Bramlette and Riedel

Discoaster saipanensis Bramlette and Riedel, 1954, p. 398, pl. 39, fig. 4; Stradner and Papp, 1961,
p. 90, pl. 22, figs. 5-7, 9; text-fig. 9/5; Perch-Nielsen, 1971, p. 65, pl. 51, fig. 4; pl. 52, fig. 4.
Remarks: The 7 to 9 rays of this concavo-convex species are joined along
about two-thirds of their length. In typical specimens the sides of the straight
radiating, sharply pointed rays are slightly concave. A low stem is generally
present in the centre of the concave, proximal side.
Intermediate forms between this species and D. barbadiensis were observ-
ed in the D. sublodoensis Zone.
Dimensions: diameter: 8—11 .
Distribution: Spain: D. sublodoensis Zone — N. fulgens Zone.

Discoaster bifax Bukry
Discoaster bifax Bukry, 1971b, p. 313, pl. 3, figs. 6—11; Perch-Nielsen, 1977, pl. 14, figs. 2, 8, 9.

Remarks: The 13 to 19 rays of this concavo-convex species are joined
throughout their length and are rounded marginally. In the centre of the
convex, distal side the rays bend in distal and sideward direction to form an
open cone, the diameter of which is about one-third of the total diameter.
The centre of the concave proximal side shows a narrow and short stem.

The sutures ate subradial in both distal and proximal view.
Dimensions: diameter: 7—9 p.
Distribution: Spain: N. fulgens Zone.

Family RHABDOSPHAERACEAE Lemmermann, 1908

Genus Rhabdosphaera Haeckel, 1894

Type species: Rhabdosphaera claviger Murray and Blackman, 1898
Description:

Shape: The species have the form of a modified nail. The pointed side is
considered distal.

Construction: The species are composed of a relatively high, central pro-
cess and a low, composite base.
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Central process: This hollow structure consists of helicoidally arranged,
lath-like elements. Near its base the structure may be thickened (collar).

Base: The subcircular base shows one or more concentric cycles of ele-
ments surrounding a central opening which is in line with the central channel
in the central process.

Rhabdosphaera

central process

=4

cross-section
+-nicols, In, standard orientation

Specific criteria: The species are differentiated on the basis of the shape of
the central process and the presence or absence of a collar.

Standard orientation: The specimens are generally observed in side view:
base parallel to the X-cross-hair; central process pointing in the positive
direction of the Y-cross-hair.

Colour distribution: In the standard orientation for side view the right cross-
section of the central process and the collar, and the left cross-section of the
base are blue; the other sections are yellow.

Rhabdosphaera sp.
Rhabdosphaera sp. Bramlette and Sullivan, 1961, p. 148, pl. 5, fig. 18,

Remarks: This species of Rhabdosphaera is characterized by its parallel-sided,
truncated central process, which is somewhat constricted in the lower part.
The species can be differentiated from R. truncata by its single, and simple
basal plate.

Dimensions: height: 10 u.

Distribution: Spain: D. multiradiatus Zone.

Rhabdosphaera perlonga (Deflandre) Bramlette and Sullivan

Rhabdolithus perlongus Deflandre, in Deflandre and Fert, 1954, p. 158, pl. 12, figs. 34, 35; text-fig.
86.

Rhabdolithus pinguis Deflandre, in Deflandre and Fert, 1954, p. 158, pl. 12, figs. 26, 27,

Rhabdosphaera perlonga (Deflandre) Bramlette and Sullivan, 1961, p. 146, pl. 5, fig. 7; Sullivan, 1965,
p. 36, pl. 7, fig. 7.

Rhabdosphaera cf. R. pinguis Deflandre, Stradner, 1969, p. 415, pl. 89, figs. 13—15.
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Remarks: The distally somewhat inflated process and the simple base typify
this species.

Dimensions: height: 15-17 u.

Distribution: Spain: T. orthostylus Zone; Israel: T. orthostylus Zone.

Rhabdosphaera crebra (Deflandre) Bramlette and Sullivan

Rhabdolithus creber Deflandre, in Deflandre and Fert, 1954, p. 157, pl. 12, figs. 31—33; text-figs.
81, 82.

Rhabdosphaera crebra (Deflandre) Bramlette and Sullivan, 1961, p. 146, pl. 5, figs. 4, 5.

Blackites creber (Deflandre) Stradner, in Stradner and Edwards, 1968, p. 29; Stradner, 1969, p. 415,
pl. 89, figs. 4, 5.

Remarks: The relatively short central process tapers to a pointed tip and

shows a distinct collar.

Dimensions: height: 8—11 u.

Distribution: Spain: T. orthostylus Zone — D. lodoensis Zone; Israel: T. or-

thostylus Zone — D. lodoensis Zone.

Rhabdosphaera scabrosa (Deflandre) Bramlette and Sullivan

Rhabdolithus scabrosus Deflandre, in Deflandre and Fert, 1954, p. 158, pl. 12, fig. 30; text-fig. 85.
Rhabdosphaera scabrosa (Deflandre) Bramlette and Sullivan, 1961, p. 147, pl. 5, fig. 11; Sullivan,
1965, p. 37, pl. 7, fig. 6.

Remarks: The relatively high central process shows a uniform taper in distal
direction. The single basal plate may be rather wide.

Dimensions: height: 1621 u.

Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel: D.
lodoensis Zone — D. sublodoensis Zone.

Rhabdosphaera truncata Bramlette and Sullivan

Rhabdosphaera truncata Bramlette and Sullivan, 1961, p. 147, pl. 5, fig. 15; Sullivan, 1965, p. 37, pl.
7, fig. 1; Stradner, 1969, p. 415, pl. 89, figs. 6-—-8.

Remarks: The parallelsided, truncated central process has a distinct collar.
Dimensions: height: 11 .
Distribution: Spain: T. orthostylus Zone.

Rhabdosphaera inflata Bramlette and Sullivan

Rhabdosphaera inflata Bramlette and Sullivan, 1961, p. 146, pl. 5, figs. 4, 5.
Rhabdolithus inflatus (Bramlette and Sullivan) Perch-Nielsen, 1977, p. 804, pl. 37, figs. 9, 10.

Remarks: This easily recognizable species shows an inflated, rugose central
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process and a simple base. Early specimens are less inflated than later ones.
Dimensions: height: 13—23 y.
Distribution: Spain: D. sublodoensis Zone; Israel: D. sublodoensis Zone.

Family PONTOSPHAERACEAE Lemmermann, 1908

Genus Pontosphaera Lohmann, 1902

Type species: Pontosphaera syracusana Lohmann, 1902
Synonyms: Discolithus, Discolithina, Transversopontis, Koczyia.
Description:

Shape: The species have the form of a slightly concavo-convex elliptical
plate, which may or may not have a high or low margin. The convex side is
considered to be distal.

Construction: The species in this genus are composed of a proximal (or
outer) cycle of elements and a distal (or inner) cycle. These cycles are closely
appressed. The following three groups of species can be distinguished in the
genus: :

Group 1. The species in this group have the form of a concavo-convex, el-
liptical plate, which may be somewhat thickened at the periphery. The plate
is composed of a distal plate cycle and a proximal one.

Distal plate cycle: The elements in this cycle are lath-shaped; they are
parallel to the elliptical periphery.

Proximal plate cycle: In this cycle the elements have a lath-like or wedge-
like outline. They are perpendicular to the periphery. In the centre the ele-
ments meet along a line connecting the foci of the ellipse.

Group 2. The species in this group differ from those in the foregoing one
in the presence of a high or low margin, which flares in distal direction. The
margin is formed by a distal continuation of the plate cycles. The inner cycle
of the margin is called the wall, the outer cycle the rim. The wall is thicker
than the rim.

Wall: The lath-like elements of the distal plate cycle continue in the wall,
where they are arranged in a helicoidal way. The imbrication of the laths
is clockwise in distal view. Several species show regularly spaced, inward
projecting structures (called struts) at the inner side of the wall.

Rim: The relatively thin rim is composed of lath-like elements which
imbricate anti-clockwise in distal view.

Group 3. The species in this group differ from those in group 2 in the
presence of a narrow or wide distal flange. This structure is formed by a
bend in the wall and the rim in lateral, outward direction. Generally, the
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distal flange cycle projects further outwards than the proximal cycle. The
distal flange cycle shows counter-clockwise oblique sutures in distal view; in
the proximal cycle the sutures are oblique anti-clockwise in proximal view.
Specific criteria: The species are distinguished on the basis of the presence or
absence of a margin and a flange, on the shape and the size of openings in
the central plate and on the presence or absence of struts.

Central openings: The openings in the central plate lie along the X-axis. Four
types of openings can be distinguished: 2 slits; 2 smaller openings; 2 larger
openings; and 1 larger, elliptical opening. At least one of these types of
openings occurs in each species group.

Group3
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proximal proximal
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Standard orientations:

Distal view: Convex side (side with the margin) upwards; X-axis parallel to
the X-cross-hair.

Side view: X-axis making an angle of 45° with the X-cross-hair in anti-
clockwise direction, the normal to the distal side making the same angle with
this cross-hair in clockwise direction.

Extinction lines: These lines are sharper in the central plate than in the mar-
gin and in the flange. They are dextrogyre in distal view.

Colour distribution: In the standard orientation for distal view the smaller
sectors enclosed by the extinction lines are blue; the other sectors are
yellow. In the standard orientation for side view the wall, the distal cycle of
the flange and part of the distal plate-cycle are blue; the other cycles are
yellow.

Differential diagnosis: The species of group 3 may be confused with species
of Lophodolithus, particularly because the extinction lines in this genus are
also dextrogyre. The genera can be distinguished by the presence of a
complex bar in Lophodolithus, and, if this has disappeared, by the uneven
height of the flange.

GROUP 1

Pontosphaera plana (Bramlette and Sullivan) Haq

Discolithus planus Bramlette and Sullivan, 1961, p. 143, pl. 3, fig. 7.

Discolithina plana (Bramlette and Sullivan) Levin, 1965, p. 266, pl. 41, fig. 9; Perch-Nielsen, 1971,
p. 35, pl. 29, fig. 4.

Pountosphaera plana (Bramlette and Sullivan) Hag, 1971a, p. 22, pl. 10, fig. 1; pl. 12, fig. 6.

Remarks: The sometimes rather thick central plate shows two slits along the
X-axis. The species differs from D. versa in the absence of a marginal ridge.
Dimensions: length: 9-12 u.

Distribution: Spain: T. orthostylus Zone — N. fulgens Zone; Israel: D, bino-
dosus Zone — D: sublodoensis Zone.

Pontosphaera versa (Bramlette and Sullivan) nov. comb.

Discolithus versus Bramlette and Sullivan, 1961, p. 144, pl. 3, fig. 16.
Discolithina cf. D, versa (Bramlette and Sullivan) Levin and Joerger, 1967, p. 168, pl. 2, fig. 11.

Remarks: The central plate shows two slits along the X-axis and a thickened
margin.

Dimensions: length: 8—-14 u.

Distribution: Spain: T. orthostylus Zone — N. fulgens Zone.
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Pontosphaera multipora (Kamptner) Roth

Discolithus multiporus Kamptner, 1948, p. 5, pl. 1, fig. 9; Stradner and Adamiker, 1966, p. 340, pl. 2,
fig. 1.

Discolithus vigintiforatus Kamptner, 1948, p. 5, pl. 1, fig. 8.

Discolithus lineatus Deflandre, in Deflandre and Fert, 1954, p. 137, pl. 10, figs. 17, 18; text-fig. 50.

Discolithus distinctus Bramlette and Sullivan, 1961, p. 141, pl. 2, figs. 8, 9.

Discolithina multipora (Kamptner) Martini, 1965, p. 400; Haq, 1968; p. 36, pl. 6, figs. 4—9; Perch-
Nielsen, 1971, p. 34, pl. 26, figs. 1-5.

Discolithina confossa Hay, Mohler and Wade, 1966, p. 391, pl. 9, figs. 1-9.

Pontosphaera vadosa Hay, Mohler and Wade, 1966, partim, p. 391, pl. 8, fig. 4, non pl. 8, figs. 1-3.

Discolithina distincta (Bramlette and Sullivan) Levin and Joerger, 1967, p. 166, pl. 1, figs. 14, 15.

Discolithina aff. D. distincta (Bramlette and Sullivan) Levin and Joerger, Gartner and Smith, 1967,
p. 5, pl. 6, figs. 4—6.

Discolithina cribraria Perch-Nielsen, 1967, p. 25, pl. 2, figs. 1-3.

Discolithina cf. D. punctosa (Bramlette and Sullivan) Perch-Nielsen, 1967, p. 25, pl. 2, figs. 4, 5.

Pontosphaera multipora (Kamptner) Roth, 1970, p. 860; Wise and Constans, 1976, pl. 2, fig. 3;Proto
Decima et al., 1975, p. 50, pl. 5, fig. 24.

Remarks: The central plate shows two slits along the X-axis and two or three
concentric rows of pores. These pores lie on the sutures of the proximal
plate cycle. Their number varies from 14 to 36. The thickened margin is
wider in later specimens than in earlier ones.

Dimensions: length: 9—15 p.

Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel:
T. orthostylus Zone — N. fulgens Zone.

Pontosphaera duocava (Bramlette and Sullivan) nov. comb.

Discolithus duocavus Bramlette and Sullivan, 1961, p. 141, pl. 2, fig. 11; Sullivan, 1964, p. 182, pl. 4,
fig. 5.

Discolithina duocava (Bramlette and Sullivan) Perch-Nielsen, 1971d, p. 34, pl. 29, fig. 5.

Discolithus ocellatus Bramlette and Sullivan, 1961, p. 142, pl. 3, fig. 2.

Discolithina ocellata (Bramlette and Sullivan) Perch-Nielsen, 1971d, p. 34, pl. 29, fig. 6.

Remarks: The central plate shows two smaller or larger openings along the
X-axis. The openings may or may not be connected by a furrow. P. duocava
should have larger openings than D. ocellata; the species are here placed in
synonomy because the differences in the size of the openings are regarded as
intraspecific variation.

Dimensions: length: 8—12 u.

Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel: T.
orthostylus Zone — D. sublodoensis Zone.
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GROUP 2

Pontosphaera pulchra (Deflandre) nov. comb.
(pl. 8, fig. 2)

Discolithus pulcher Deflandre, in Deflandre and Fert, 1954, p. 143, pl. 12, figs. 17, 18; Bramlette and
Sullivan, 1961, p. 143, pl. 3, fig. 8.

Helicosphaera sp. Hay and Towe, 1962, p. 512, pl. 1, figs. 4, 6.

Transversopontis obliquipons (Deflandre) Hay, Mohler and Wade, 1966, p. 391, pl. 8, fig. 5.

Transversopontis pulcher (Deflandre) Hay, Mohler and Wade, 1966, p. 391; Perch-Nielsen, 1967, par-
tim, p. 27, pl. 3, figs. 9—11, non pl. 11, fig. 1; Perch-Nielsen, 1971d, p. 39, pl. 28, fig. 6;pl. 31,
figs. 2, 3; pl. 32, figs. 5, 6.

Transversopontis pseudopulcher Perch-Nielden, 1967, p. 27, pl. 4, figs. 11, 12; Perch-Nielsen, 1971d,
p-39,pl. 31, figs. 1, 5, 6; pl. 32, figs. 1—4.

Discolithus rectipons Haq, 1968, partim, p. 39, pl. 7, figs. 7—9, non pl. 11, fig. 1.

Remarks: The central plate contains two large openings separated by a

central bridge parallel to the Y-axis. The high margin is supported by about

20 struts. The central furrow connecting the openings may or may not be

parallel to the X-axis.

Dimensions: length: 8-12 u.

Distribution: Spain: T. orthostylus Zone — N. fulgens Zone; Israel: D.

binodosus Zone — D. sublodoensis Zone.

Pontosphaera prava (Locker) nov. comb.

Transversopontis prava Locker, 1967, p. 761, pl. 1, fig. 1; pl. 2, figs. 1, 15; Perch-Nielsen, 1971, p. 38,
pl. 33, figs. 1, 2, 4—6.

Discolithina pulchra (Deflandre) Levin, Edwards, 1973, pl. 8, fig. 5.

Remarks: This rare species can be distinguished from P. pulcheroides by the

shape and the composition of the central bridge. The bridge is slender, obli-

que and slightly curved. The slightly oblique central furrow divides the

bridge into two halves, which are somewhat off-set at the furrow.

Dimensions: length: 1113 p.

Distribution: Israel: D. binodosus Zone — D. sublodoensis Zone.

Pontosphaera pectinata (Bramlette and Sullivan) Proto Decima et al.

Discolithus pectinatus Bramlette and Sullivan, 1961, p. 142, pl. 3, figs. 4, 5.

Discolithina pectinata (Bramlette and Sullivan) Levin; 1965, p. 266; Perch-Nielsen, 1967, p. 25, pl. 2,
figs. 10—12; Perch-Nielsen, 19714, p. 35, pl. 26, fig. 6.

Pontosphaera pectinata (Bramlette and Sullivan) Proto Decima et al., 1975, p. 50, pl. 5, fig. 23.

Remarks: The raised margin of this species is supported by about 20 slender
struts. The central plate shows two slits in the foci of the ellipse.
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Dimensions: length: 10—-12 p.
Distribution: Israel: D. binodosus Zone — D. sublodoensis Zone.

Pontosphaera exilis (Bramlette and Sullivan) nov. comb.

Discolithus exilis Bramlette and Sullivan, 1961, p. 142, pl. 2, fig. 10,
Transversopontis exilis (Bramlette and Sullivan) Perch-Nielsen, 19714, p. 38, pl. 27, figs. 3, 5, 6; pl.
31, fig. 4.

Remarks: This species in characterized by two large openings in the central
plate and a high margin. The diameter of the openings is larger than the
width of the bridge. Specimens may show a short central furrow.
Dimensions: length: 1214 u.

Distribution: Israel: T. orthostylus Zone — D. sublodoensis Zone.

Pontosphaera pulcheroides (Sullivan) nov. comb.

Discolithus aff, D. pulcher Deflandre, Bramlette and Sullivan, 1961, p. 143, pl. 3, figs. 9, 10.

Discolithus pulcheroides Sullivan, 1964, p. 183, pl. 4, fig. 7.

Discolithina pulchra (Deflandre) Levin, 1965, p. 266, pl. 41, fig. 6.

Discolithina pulcheroides (Sullivan) Levin and Joerger, 1967, p. 167, pl. 2, fig. 8; Haq, 1968, p. 38,
pl. 7, figs. 1—3; Stradner and Edwards, 1968, p. 38, pl. 38, figs. 6—10.

Discolithina cf, D. pulcheroides (Sullivan) Levin and Joerger, Gartner and Smith, 1967, p. 4, pl. 6,
figs. 1-3.

Transversopontis obliquipons (Deflandre) Hay, Mohler and Wade, Perch-Nielsen, 1967, p. 27, pl. 3,
figs. 6—8.

Transversopontis pulcheroides (Sullivan) Perch-Nielsen, 1971, p. 40, pl. 33, figs. 3, 7.

Remarks: This species differs from P. pulchra only in the low angle which
the bridge makes with the Y-axis. In P. obliquipons this angle is considerably
larger.

Dimensions: length: 10—12 u.

Distribution: Spain: T. orthostylus Zone — N. fulgens Zone; Israel: T. or-
thostylus Zone — D. sublodoensis Zone.

Pontosphaera bicaveata (Perch-Nielsen) nov. comb.

Discolithina bicaveata Perch-Nielsen, 1967, p. 23, pl. 4, figs. 8—10; Perch-Nielsen, 1971, p. 33, pl. 27,
fig. 7.

Remarks: The species has a high margin and two circular openings in the
central plate. The diameter of the central bridge is smaller than that of the
openings. The species differs from P. duocava in its higher margin, and
from P. exilis in the smaller diameter of the openings.

Dimensions: length: 1012 .

Distribution: Israel: T. orthostylus Zone — D. lodoensis Zone.
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Pontosphaera obliquipons (Deflandre) nov. comb.

Discolithus obliquipons Deflandre, in Deflandre and Fert, 1954, p. 139, pl. 11, figs. 1, 2; text-fig. 53.

Zygolithus cf. Z. obliquipons Deflandre, Stradner, 1964, p. 135, fig. 19.

Discolithina obliquipons (Deflandre) Stradner, Stradner and Edwards, 1968, p. 37, pl. 36, 37, 38, figs.
1-5;Haq, 1968, p. 38, pl. 7, figs. 4—6; pl. 11, fig. 2.

Transversopontis obliguipons (Deflandre) Hay, Mohler and Wade, Perch-Nielsen, 19714, p. 38, pl. 30,
fig. 5.

Non Transversopontis obliquipons (Deflandre) Hay, Mohler and Wade, 1966, p. 391, pl. 8, fig. 5;
Perch-Nielsen, 1967, p. 27, pl. 3, figs. 6—8.

Remarks: This rare species of Pontosphaera is characterized by the strongly
oblique bridge between the narrow openings in the central plate. The species
differs from P. pulcheroides in the absence of struts and in the higher angle
between the Y-axis and the bridge.

Dimensions: length: 610 u.

Distribution: Spain: D. lodoensis Zone — D. sublodoensis Zone.

Pontosphaera scissura (Perch-Nielsen) nov. comb.
Discolithina scissura Perch-Nielsen, 1971d, p. 36, pl. 27, figs. 2, 4; pl. 61, figs. 4, 5.

Remarks: This rare species shows a high margin and one continuous slit (or
two shorter ones) in the central plate along the X-axis.

Dimensions: length: 13—16 pu.

Distribution: Spain: N. fulgens Zone.

GROUP 3

Pontosphaera fimbriata (Bramlette and Sullivan) nov. comb.

Discolithus fimbriatus Bramlette and Sullivan, 1961, p. 142, pl. 3, fig. 1.
Syracosphaera fimbriata (Bramlette and Sullivan) Bukry and Bramlette, 1969, p. 141.
Koczyia fimbriata (Bramlette and Sullivan) Perch-Nielsen, 1971, p. 37, pl. 27, fig. 1; pl. 29, figs. 1, 2.

Remarks: The central plate shows two medium-sized openings connected by
a central furrow.

Dimensions: length: 13—-18 p

Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel: D.
lodoensis Zone — D. sublodoensis Zone.

Pontosphaera labrosa (Bukry and Bramlette) Perch-Nielsen
Reticulofenestra caucasica Hay, Mohler and Wade, 1966, partim, p. 368, pl. 2, figs. 6—8, non pl. 2,
fig. 5; pl. 3, figs. 1, 2; pl. 4, figs. 1, 2.

Syracosphaera labrosa Bukry and Bramlette, 1969, p. 141, pl. 3, figs. 15—-17.
Pontosphaera labrosa (Bukry and Bramlette) Perch-Nielsen, 1977, p. 789, pl. 27, fig. 5.
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Remarks: This rare species has a high, distally flaring margin and a relatively
narrow flange. It differs from P. fimbriata in the presence of a single, large
opening in the central plate.

Dimensions: length: 1416 p.

Distribution: Israel: D. lodoensis Zone.

Pontosphaera excelsa (Perch-Nielsen) Perch-Nielsen

Koczyia excelsa Perch-Nielsen, 1971, p. 37, pl. 28, figs. 1-5; pl. 60, fig. 16.
Pontosphaera excelsa (Perch-Nielsen) Perch-Nielsen, 1977, p. 789, pl. 27, figs. 2, 3.

Remarks: The margin is supported by about 20 struts. The central plate
shows a medium-sized central opening.

Dimensions: length: 11-13 p.

Distribution: Israel: D. sublodoensis Zone.

Pontosphaera formosa (Bukry and Bramlette) nov. comb.
Syracosphaera formosa Bukry and Bramlette, 1969, p. 140, pl. 3, figs. 1214,

Remarks: The wide flange shows about 30 units in cross-polarized light.
These units are probably the result of crenulation (as in L. mochlophorus).
The central plate shows a large opening. The species differs from P. labrosa
in the distinctly wider and crenulated (?) flange.

Dimensions: length: 14—17 u.

Distribution: Spain: N. fulgens Zone.

Genera INCERTAE SEDIS

Genus Thoracosphaera Kamptner, 1927

Type species: Syracosphaera heimi Lohmann, 1920

Remarks: This genus was introduced by Kamptner for hollow, globular
bodies composed of many calcareous elements. He designated T. pelagica as
the type species, which is the same form described by Lohmann (1920) as
Syracosphaera heimi. The systematic position of thoracosphaerids has always
been a problem. Kamptner regarded them as coccolithophorids but stated
that this assignment could be proved only by study of the living material.
Other authors, therefore, classed these forms under genera incertae sedis.
Fitterer (1976) assigned 7. heimi to the calcareous dinoflagellates because
of the large resemblance between this form and the spherical cysts of cal-
ciodinellid forms with an apical archeopyle. He also considered most of the
fossil Thoracosphaera species to be calcareous dinoflagellate cysts.
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Although we are also inclined to assign the thoracosphaerids to the cal-
carcous dinoflagellates, these forms are still grouped here under genera incer-
tae sedis, as long as biology has not given evidence of the dinoflagellate na-
ture of the extant T. heimi.

Thoracosphaera operculata Bramlette and Martini
(pl. 1, fig. 1)

Thoracosphaera deflandrei Kamptner, Stradner, 1961, p. 84, text-fig. 74; Hay and Mohler, 1967a,
p. 1534, pl. 203, fig. 8; Haq, 1971, p. 50, pl. 9, figs. 10, 11; pL. 14, fig. 8.

Thoracosphaera operculata Bramlette and Martini, 1964, p. 305, pl. 5, figs. 3—7; Perch-Nielsen, 1969a,
p. 330, pl.34, fig. 9.

Thoracosphaera sp. Perch-Nielsen, 1969b, p. 65, pl. 2, figs. 13, 14,

Thoracosphaera sp. 3 Perch-Nielsen, 1971d, p. 55, pl. 50, fig. 1.

Remarks: Characteristic features of this species are: the spherical test com-
posed of very small lath-like elements and the presence of a circular opening
covered by a lid (operculum).

The proximal margin of the operculum is reinforced by a single cycle of
larger clements. The number of elements in the operculum seems to be
higher in later specimens than in earlier ones.

Dimensions: diameter of sphere: 15—20 u., diameter of operculum: 5—6 u.
Distribution: Spain: B. sparsus Zone — T. contortus Zone; Israel: B. sparsus
Zone — T. contortus Zone; Scandinavia: B. sparsus Zone — E. macellus
Zone,

Thoracosphaera saxea Stradner

Thoracosphaera saxea Stradner, 1961, p. 84, text-fig. 71; Stradner, in Gohrbandt, 1963, p. 78, pl. 10,
fig. 8;Hay and Mohler, 1967a, p. 1534, pl. 203, fig. 5.

Thoracosphaera cf. T. imperforata Kamptner, Bramlette and Martini, 1964, p. 305, pl. 5, figs. 1, 2.

Thoracosphaera cf. T. deflandrei Kamptner, Moshkovitz, 1967, p. 154, pl. 5, fig. 8.

Thoracosphaera cf. T. operculata Bramlette and Martini, Edwards, 1973, pl. 15, fig. 6.

Thoracosphaera deflandrei Kamptner. Haq and Lohmann, 1976, pl. 3, fig. 10,

Remarks: The elements of this species are larger and thicker than those of
T. operculata. The spheres lack a large circular opening.

Dimensions: diameter of sphere: 20—30 u.

Distribution: Spain: B. sparsus Zone — T. orthostylus Zone; Israel: P. di-
morphosus Zone — T. orthostylus Zone; Scandinavia: B. sparsus Zone —
~C. tenuis Zone.
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Genus Neocrepidolithus nov. gen.

Type species: Crepidolithus neocrassus Perch-Nielsen
Diagnosis: This genus is introduced for elliptical coccoliths composed of a
margin with slightly (subvertical) to strongly clockwise imbricating elements
(rim) and a relatively thin basal cycle of elements (wall).

The extinction lines are dextrogyre in distal view.
Differential diagnosis: Neocrepidolithus differs from the Jurassic genus Cre-
pidolithus (No¢l, 1968) in the imbrication of the elements in the wall.

Neocrepidolithus neocrassus (Perch-Nielsen) nov. comb.
(pl. 1, fig. 6)
Crepidolithus neocrassus Perch-Nielsen, 1968, p. 36, pl. 2, fig. 9; text-fig. 11.
Crepidolithus cohenii Perch-Nielsen, 1968, p. 37, pl. 2, figs. 7, 10; text-fig. 12; Hoffman, 1970, p. 852,
pl. 2, figs. 1, 2.
Crepidolithus sp. Perch-Nielsen, 1968, p. 38, pl. 2, figs. 8, 16.
Crepidolithus sp. Perch-Nielsen, 1969b, partim, p. 58, pl. 4, figs. 3, 4; non pl. 4, figs. 1, 5.

Remarks: The margin of this species is composed of 30 to 40 elements,
which show a strong clockwise imbrication in distal view. The central area is
closed by an inner cycle of elements. In the upper part of the C. primus
Zone and in the P. dimorphosus Zone specimens occur in which the elements
of the inner cycle form a crosslike structure. This structur is orientated
along the major axes of the ellipse in early specimens, but in later specimens
it makes an angle of about 10° with these axes in clockwise direction in
distal view.

Dimensions: length: 4—7 u.

Distribution: Spain: C. primus Zone — C. tenuis Zone; Israel: C. primus
Zone — C. tenuis Zone; Scandinavia: B. sparsus Zone ~ E. macellus Zone.

Neocrepidolithus fossus (Romein) nov. comb.
(pl. 1, figs. 4, 5)

Crepidolithus sp. Perch-Nielsen, 1969, partim, p. 58, pl. 4, fig. 5, non pl. 4, figs. 3, 4.
Crepidolithus fossus Romein, 1977, p. 273, pl. 1, fig. 8.

Remarks: This broad elliptical species consists of a single cycle of 17 to 35
wedge-like elements, which slightly imbricate clockwise in distal view. The
elements meet in the centre in such a way that several irregularly spaced
pores are formed. N. fossus lacks the proximal cycle of elements that can be
found in N. neocrassus. “Discolithina” rimosa shows anti-clockwise imbricat-
ing elements in its margin.
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Dimensions: length: 5—7 u.
Distribution: Spain: C. primus Zone — E. macellus Zone; Israel: C. primus
Zone — E. macellus Zone; Scandinavia: C. primus Zone — C. tenuis Zone.

Genus Micula Vekshina, 1959
Type species: Micula decussata Vekshina, 1959

Micula decussata Vekshina

Micula decussata Vekshina, 1959, p. 71, pl. 1, fig. 6; pl. 2, fig. 11; Bukry, 1969, p. 67, pl. 40, figs.
5,6; Verbeek, 1977, p. 119, pl. 11, fig. 12.

Remarks: The species has the form of a cube with depressed faces. It is
composed of at least eight elements. Two of the six faces show subdiagonal
dextrogyre sutures, the other four faces show diagonal sutures. The faces
with dextrogyre sutures are regarded as the distal and the proximal side.

42 2a

32
oblique distal/proximal view

Micula

&
high focus
+-nicols, 1a, standard orientation +-nicols, 1a,standard orientation

For the standard orientation for distal (proximal) view, the sides with the
straight sutures are placed parallel to the cross-hairs. In order to faciliate the
description the corners in the upper face are numbered 1 to 4 in clockwise
direction in distal view; the underlying corners in the lower face are number-
ed la to 4a. The centre of the upper face is referred to as C, that of the
lower face as C'.

In the standard orientation, and when the focus is on the upper face the
larger parts of the 1-C4 and 2-C-3 zones are blue; the other zones are yellow.
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When the focus is on the lower face the 1a-C'-2a and 4a-C’-2a zones are blue
and the other zones are yellow.

Dimensions: length of edge: 610 .

Distribution: Spain: B. sparsus Zone — N. fulgens Zone; Israel: B. sparsus
Zone — D. sublodoensis Zone; Scandinavia: B. sparsus Zone — E. macellus
Zone.

Genus Octolithus nov. gen.

Type species: Tetralithus multiplus Perch-Nielsen, 1973

Derivation of name: from octo (gr.), eight, and lithos (gr.), stone.

Diagnosis: This genus is introduced for nannoliths consisting of a single layer
of eight elements. Four of these elements are larger than the other four.
Differential diagnosis: Octolithus differs from Tetralithus in the arrangement
of the elements in a single layer, instead of in two superposed ones.

Octolithus

Octolithus multiplus (Perch-Nielsen) nov. comb.

Tetralithus? sp. Perch-Nielsen, 1969b, p. 64, pl. 6, figs. 4, 5.

Tetralithus multiplus Perch-Nielsen, 1973, p. 326, pl. 9, figs. 6, 7; pl. 10, figs. 17, 18; Romein, 1977,
p.276,pl. 2, fig. 7.

Remarks: This slightly vaulted species shows an irregular oval outline. The

four larger elements are radially arranged; the four smaller ones are inserted

two by two at opposite sides of the fossil in the outer angles formed by two

adjacent larger elements.

Dimensions: length: 5-7 u.

Distribution: Spain: B. sparsus Zone — E. macellus Zone; Scandinavia: B.

sparsus Zone — E. macellus Zone.

Genus Goniolithus Deflandre, 1957
Type species: Goniolithus fluckigeri Deflandre, 1957
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Remarks: The pentagonal nannoliths of this genus can easily be distinguished
from those of Braarudosphaera and Micrantolithus; they are composed not
of five larger elements, but of a large number of regularly arranged, smaller
crystals.

Goniolithus fluckigeri Deflandre

Goniolithus fluckigeri Deflandre, 1957, p. 2539, figs. 1—4; Stradner and Edwards, 1968, p. 42, pl. 41;
text-figs. 8/1, 2, A-F; Perch-Nielsen, 1969b, p. 62, pl. 6, figs. 7, 8.
Gomniolithus cf. G. fluckigeri Deflandre, Hay and Mohler, 1967a, p. 1536, pl. 202, figs. 4, 5.

Remarks: An excellent description of this species has been given by Stradner
and Edwards (1968). Due to its low relief and low interference the species is
hard to detect in the L.M.

Dimensions: 67 u.

Distribution: Spain: B. sparsus Zone — E. macellus Zone; Israel: C. tenuis
Zone; Scandinavia: C. tenuis Zone.

Genus Biantholithus Bramlette and Martini, 1964

Type species: Biantholithus sparsus Bramlette and Martini, 1964

Biantholithus sparsus Bramlette and Martini
(pl. 1, fig. 9)
Biantholithus sparsus Bramlette and Martini, 1964, p. 305, pl. 4, figs. 12—14; Perch-Nielsen, 1969b,
p. 56, pl. 6, figs. 1—3, 10; pl. 7, figs. 3—10; Romein, 1977, p. 269, pl. 1, figs. 3, 5.
Biantholithus aff. B. sparsus Bramlette and Martini, Perch-Nielsen, 1969a, p, 329, pl. 37, fig. 7.
Remarks: The number of elements in the closely appressed cycles varies
from 6 to 12. The clockwise imbricating elements of the convex, distal cycle
are separated by anti-clockwise oblique sutures, those of concave proximal
cycle, by radial sutures. The outer margin of the elements may be straight,
outward convex or pointed.
Dimensions: diameter: 10—14 u.
Distribution: Spain: B. sparsus Zone — E. macellus Zone; Israel: B. sparsus
Zone — C. primus Zone; Scandinavia: B. sparsus Zone — C. primus Zone.

Genus Lapideacassis Black, 1971
Type species: Lapideacassis mariae Black, 1971
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Lapideacassis blackii Perch-Nielsen
(pl. 7, fig. 8; pl. 9, fig. 11)

Lapideacassis blackii Perch-Nielsen, 1977, p. 850, pl. 2, figs. 7, 8; text-figs. 3, 5.

Remarks: The few specimens we found lack a distinct proximal tier and col-
lar. The first and the second distal tier, and the centro-distal spine show an
equal number of segments (about 12).

Dimensions: height: 26—30 u., diameter: 8 u.

Distribution: Spain: P. dimorphosus Zone, D. mohleri Zone, D. multiradia-
tus Zone.

Genus Scampanella Forchheimer and Stradner, 1973

Type species: Scampanella cornuta Forchheimer and Stradner, 1973

Scampanella asymmetrica Perch-Nielsen
Scampanella asymmetrica Perch-Nielsen, 1977, p. 853, pl. 2, figs. 3—6, 9, 10.
Remarks: This rare species is characterized by its single, asymmetric spine.
Dimensions: height: 11 u., diameter: 6 .
Distribution: Spain: P. dimorphosus Zone.
Scampanella sp.

Description: The specimens are composed of only a first distal tier and a low
apical one. Spines or processes are absent.
Dimensions: height: 8—10 u., diameter: 7 u.
Distribution: Israel: E. macellus Zone, D. binodosus Zone.
Scampanella bispinosa Perch-Nielsen

Scampanella bispinosa Perch-Nielsen, 1977, p. 853, pl. 3, figs. 1-7; pl. 6, figs. 12—17; text-fig. 3/14.

Remarks: The single specimen we found has two short apical spines, which
are almost perpendicular to each other.

Dimensions: height: 17 u., diameter: 6 u.

Distribution: Spain: D. mohleri Zone.

Genus Scapholithus Deflandre, 1954
Type species: Scapholithus fossilis Deflandre, 1954
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Scapholithus apertus Hay and Mohler
(pl. 6, fig. 6)
Scapholithus apertus Hay and Mohler, 1967a, p. 1534, pl. 201, figs. 11, 12, 14,
Scapholithus rhombiformis Hay and Mohler, 1967, p. 1534, pl. 201, figs. 13, 16—18; Perch-Nielsen,

1972, pl. 8, figs. 3, 4.
“Scapholithus” apertus Hay and Mohler, Edwards, 1973, pl. 11, fig. 6.

Remarks: Hay and Mohler separated S. rhombiformis from S. apertus be-
cause of the absence of a central rod; in our opinion, the micrographs of the
former species represent the proximal side of the latter species.

Dimensions: length along the longer diagonal: 5 4.

Distribution: Spain: C. tenuis Zone, H. kleinpellii Zone, D. multiradiatus
Zone; Israel: D. mohleri Zone.

Genus Ellipsolithus Sullivan, 1964

Type species: Coccolithites macellus Bramlette and Sullivan, 1961

Ellipsolithus macellus (Bramlette and Sullivan) Sullivan

Coccolithites macellus Bramlette and Sullivan, 1961, p. 152, pl. 7, figs. 11—13.
Coccolithus macellus (Bramlette and Sullivan) Stradner, in Gohrbandt, 1963, p. 75, pl. 8, figs. 7—9;
“text-figs. 3a, b.
Ellipsolithus macellus (Bramlette and Sullivan) Sullivan, 1964, p. 184, pl. 5, fig. 3; Perch-Nielsen,
1977, pl. 42, figs. 1-6; pl. 43, fig. 9.

Remarks: In plane view the species has a long elliptical outline with almost
parallel sides. The margin is composed of 55 to 65 elements, which imbricate
clockwise in distal view. The central area is closed by two rows of elements,
one at each side of the X-axis. Early specimens of this species are smaller
than later ones.

Dimensions: length: 7—15 p.

Distribution: Spain: E. macellus Zone — D. binodosus Zone; Israel: E. macel-
lus Zone — T. orthostylus Zone.

Ellipsolithus distichus (Bramlette and Sullivan) Sullivan

Coccolithites distichus Bramlette and Sullivan, 1961, p. 152, pl. 7, fig. 8; Stradner, in Gohrbandt,
1963, p. 76, pl. 9, figs. 3, 4.

Ellipsolithus distichus (Bramlette and Sullivan) Sullivan, 1964, p. 184, pl. 5, figs. 4—6; Edwards and
Perch-Nielsen, 1975, pl. 8, fig. 1; Perch-Nielsen, 1977, pl. 43, figs. 1, 2, 4, 8.

Remarks: The species differs from E. macellus in the presence of openings
in the central area. Their number varies from 7 to 18.
Dimensions: length: 612 .
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Distribution: Spain: T. contortus Zone; Israel: E. macellus Zone — T. con-
tortus Zone.

Genus Discolithina Loeblich and Tappan, 1963
Type species: Discolithus vigintiforatus Kamptner, 1948

Discolithina rimosa (Bramlette and Sullivan) Levin and Joerger

(pl. 6, fig. 5)

Discolithus rimosus Bramlette and Sullivan, 1961, p. 143, pl. 3, figs. 12, 13; Sullivan, 1964, p. 183,
pl. 4, fig. 9.

Discolithina rimosa (Bramlette and Sullivan) Levin and Joerger, 1967, p. 167, pl. 2, figs. 9, 10; Ra-
domski, 1968, p. 571, pl. 46, figs. 5, 6.

Remarks: This elliptical species is composed of a thin proximal cycle and a
thick distal cycle. The proximal cycle consists of plate-like elements separat-
ed by subradial sutures. The elements either extend to the centre and close
it, or they give rise to an elliptical or slit-like central opening.

The distal cycle is built up of 50 to 60, in distal view strongly counter-
clockwise imbricating elements. These elements are high marginally and
slope inwards towards the centre. D. rimosa can easily be distinguished from
species of Neocrepidolithus by the opposite direction of imbrication. The
extinction lines are laevogyre in distal view.

The species is provisionally placed in the “dust-bin” genus Discolithina
(elliptical coccoliths with a thickened margin).

Dimensions: length: 5--10 p.
Distribution: Spain: F. tympaniformis Zone — D. lodoensis Zone; Israel:
F. tympaniformis Zone — T. orthostylus Zone.

Genus Hornibrookina Edwards, 1973

Type species: Hornibrookina teurensis Edwards, 1973

Hornibrookina australis Edwards and Perch-Nielsen

Hornibrookina sp. Edwards, 1973, p. 77, fig. 82.

Hornibrookina n. sp. Edwards, 1973, pl. 9, figs. 1-3.

Hornibrookina australis Edwards and Perch-Nielsen, 1975, p. 485, pl. 2, figs. 1-3, 6, 9, 12; pl. 5,
figs. 6,9, 12; pl. 21, figs. 7—14; Wind and Wise, 1977, p. 296, pl. 7, figs. 2—6.

Remarks: The pointed elliptical outline is typical for this rare species.
Dimensions: length: 4—5 u.

Distribution: Spain: D. mohleri Zone — T. contortus Zone; Israel: T. con-
tortus ZLone.
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Genus Rhomboaster Bramlette and Sullivan, 1961

Type species: Rhomboaster cuspis Bramlette and Sullivan, 1961
Description:

Shape: Basically, the species have the form of a rhombohedron with
depressed faces.
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Construction: The specimens consist of a single calcite block.
Specific criteria: The species are based on the outline of the calcite blocks.
Extinction: In cross-polarized light the species show a low birefringence.
Standard orientation: For the description of the species the same number
code is applied as was introduced for species of Micula; for the standard
orientation for plane view the 1-3 diagonal is placed parallel to the Y-cross-
hair.
Differential diagnosis: Rhomboaster differs from Micula in its rhomboid
shape.

Rhomboaster intermedia nov. sp.

(pl. 10, figs. 7—9)

Description: The rare representatives of this species are intermediate be-
tween Micula and Rhomboaster. They have a rhomboid shape but are com-
posed of different crystallographic units. The faces are depressed, and six of
the twelve edges are thickened: the edges 3—2, 3—4, 3—3a, and the edges
la—1, la—2a, la—4a.

Differential diagnosis: R. intermedia can be distinguished from R. bitrifida
by the presence of more than one calcite unit.

Dimensions: diameter: 8—10 u.

Holotype: T 370a, pl. 10, fig. 7, from sample SP624, D. multiradiatus Zone.
Derivation of name: from inter-medius (lat.), intermediate.

Type locality: Barranco del Gredero.
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Stratum: Jorquera Formation, Member C.

Age: Late Paleocene.

Paratypoid: T 370b, pl. 10, fig. 9, sample SP624.
Distribution: Spain: D. multiradiatus Zone.

Rhomboaster bitrifida nov. sp.
(pl. 7, figs. 3, 4; pl. 10, figs. 10-13)

Rhomboaster cuspis Bramlette and Sullivan, 1961, partim, p. 166, pl. 14, fig. 17, non pl. 14, figs. 18,
19.

Derviation of name: bi (lat.), two; trifida (lat.), with three feet.
Description: The species has the shape of a high rhombohedron with strongly
depressed faces, so that cuspate corners are formed. Four arms are visible in
the upper face: three longet ones, pointing in the direction of the corners 1,
2 and 4, and a shorter one pointing in the direction of corner 3. The con-
figuration in the lower face is the mirror image of that in the upper face.

In early specimens the arms la and 3 are somewhat more pronounced
than in later specimens.
Differential diagnosis: The species differs from R. calcitrapa in its shorter
arms.
Dimensions: diameter: 610 u.
Holotype: T 363, pl. 7, fig. 4 from sample SP630, D. multiradiatus Zone.
Type locality: Barranco del Gredero.
Stratum: Jorquera Formation, Member D.
Age: Late Paleocene.
Paratypoid: T 371a, pl. 10, figs. 10, 11, sample SP630.
Distribution: Spain: D. multiradiatus Zone — T. contortus Zone; Israel: T.
contortus Zone.

Rhomboaster calcitrapa Gartner
(pl. 7, fig. 5)

Rhomboaster calcitrapa Gartner, 1971, partim, p. 114, pl. 4, figs. 3, 5, 6, non pl. 4, figs. 2, 4.
Marthasterites spineus Shafik and Stradner, 1971, partim, p. 93, text-fig. 7a, non text-figs. 6, 7b,
c, d.

Remarks: This species differs from R. bitrifida in its longer, spine-like arms.
These arms taper outwards to sharply pointed tips. Intermediate forms be-
tween this species and R. bitrifida were observed in the D. multiradiatus
Zone.

Dimensions: diameter: 10—18 p. ,

Distribution: Spain: D. multiradiatus Zone.
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Genus Semihololithus Perch-Nielsen, 1971

Type species: Semihololithus biskayae Perch-Nielsen, 1971
Remarks: Perch-Nielsen introduced this genus for nannoliths which are
constructed partly as holococcoliths and partly as heterococcoliths.

Semihololithus kerabyi Perch-Nielsen

Semihololithus kerabyi Perch-Nielsen, 1971c, p. 357, pl. 9, figs. 5—7; pl. 10, figs. 1—6; pl. 14, figs.
19-21.
“Semihololithus” kerabyi Perch-Nielsen, Edwards, 1973, pl. 13, fig. 3.

Remarks: The species is composed of a thick, proximally tapering base sur-
mounted by a distal rod. The base is fully or partly constructed of small
crystals. The rod shows four blades, which make an angle of about 45° with
the axes of the elliptical base. In most specimens the base has broken off.
Dimensions: height: 4—14 .

Distribution: Spain: D. multiradiatus Zone — T. contortus Zone.

Semihololithus biskayae Perch-Nielsen
(pl. 7, fig. 7)

Semihololithus biskayae Perch-Nielsen, 1971c, p. 356, pl. 11, figs. 7—11; pl. 14, figs. 10—-12.

Remarks: This hollow, bechive-shaped species is composed of varying
amounts of smaller crystals and larger elements; in our material all kinds of
transitions between specimens consisting entirely of smaller crystals and
forms composed entirely of larger elements were observed. It seems that the
species has a holococcolithinid “frame’, which may be covered by larger
elements in later ontogenetic stages or by secondary calcification.

Holococceolithinid variants show a proximally tapering base superposed
by a dome with two rows of holes.

Heterococcolithinid variants have a fasciculith-like appearance; in distal
view, they show about 9 radially arranged wedges, rounded marginally.
Dimensions: height: 57 u.

Distribution: Spain: D. multiradiatus Zone.

Genus Tribrachiatus Shamrai, 1963 emend. this paper

Type species: Tribrachiatus orthostylus (Bramlette and Riedel) Shamrai (=
Discoaster tribrachiatus Bramlette and Riedel)

Remarks: Shamrai (1963) introduced this genus for nannoliths consisting
of a single calcite unit and having three regularly spaced arms. The genus
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is emended here to include forms with six arms. These forms have been
assigned to the genus Marthasterites by most authors, but in our opinion
this genus is restricted to the Cretaceous.

Description:

Shape: The species are three- or hexaradiate in plane view.

Construction: The species consist of a single, modified calcite crystal. In
three-rayed species the arms form angles of 120°; six-rayed species are
composed of two superposed triplets. The angles between the upper and the
lower triplet are variable.
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Specific criteria: The species are based on the angles between the arms in the
upper and lower triplet and on the length of the arms.

Standard orientation: For the standard orientation for plane view, one of
the arms of the lower triplet is placed parallel to the Y-cross-hair in such a
way that it points in the positive direction of this cross-hair.

Differential diagnosis: In the closely related genus Rhomboaster the arms
of the triplets are not regularly spaced.

Tribrachiatus spineus (Shafik and Stradner) nov. comb.

(pl. 7, fig. 6)

Marthasterites spineus Shafik and Stradner, 1971, partim, p. 93, text-figs. 6, 7b, ¢, d, non text-fig. 7a.
Rhomboaster calcitrapa Gartner, 1971, partim, p. 114, pl. 4, fig. 4, non pl. 4, figs. 2, 3, 5, 6.

Remarks: The species shows six regularly spaced spine-like arms. These arms
unite in the centre in such a way that three of them lie in an upper level and
the other three in a lower level. The arms show central ribs, which are
slightly convex clockwise, near the centre. The arms may show one or more
notches at about half of their length. The species differs from T. nunnii in
its longer arms.

Dimensions: diameter: 10—22 y.

Distribution: Spain: D. multiradiatus Zone.
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Tribrachiatus nunnii (Brénnimann and Stradner) nov. comb.

Marthasterites bramlettei Brénnimann and Stradner, 1960, p. 366, figs. 17—20, 23, 24; Stradner
and Papp, 1961, p. 113, pl. 11, fig. 9; pl. 19, figs. 5, 6.

Rhomboaster cuspis Bramlette and Sullivan, 1961, partim, p. 166, pl. 14, figs. 18, 19, non pl. 14, fig.
17.

Marthasterites nunnii (Bronnimann and Stradner) Gartner, 1971, p. 116.

Remarks: The relatively wide central body shows six, regularly placed, spine-
like arms. The ridges on the arms are convex clockwise in the upper triplet.
Dimensions: diameter: 10—16 . '
Distribution: Spain: T. contortus Zone; Israel: T. contortus Zone.

Tribrachiatus contortus (Stradner) Bukry
(pl. 10, fig. 15)

Discoaster contortus Stradner, 1958, p. 187, text-figs. 35, 36.

Marthasterites contortus (Stradner) Deflandre, 1959, p. 139; Stradner and Papp, 1961, p. 112, pl. 36,
figs. 1—8; text-figs. 11/8, 20/3.

Tribrachiatus contortus (Stradner) Bukry, 1972, p. 1081.

Remarks: The angles between the arms of the upper and the lower triplet are
not equal; smaller and larger angles alternate.

The ridges on the arms are curved in the same manner as in T. nunnii.
Dimensions: diameter: 11—15 u.
Distribution: Israel: T. contortus Zone.

Tribrachiatus orthostylus Shamrai

Discoaster tribrachiatus Bramlette and Riedel, 1954, p. 397, pl. 38, fig. 11.

Marthasterites tribrachiatus (Bramlette and Riedel) Deflandre, 1959, p. 138, pl. 2, fig. 1.

Discoaster tribrachiatus robustus Stradner, 1959, p. 477, figs. 4, 9.

Marthasterites robustus (Stradner) Stradner and Papp, 1961, p. 109, pl. 34, fig. 7; text-figs. 11/4,
20/1. .

Tribrachiatus orthostylus Shamrai, 1963, p. 38, pl. 2, figs. 13, 14 {(nom. subst. pro Discoaster tri-
brachiatus Bramlette and Riedel, I.C.B.N., art. 55).

Remarks: This triradiate species is slightly arched. The arms may be straight
or slightly curved; they can be slender and parallel-sided, or wide and taper-
ing. The tips of the arms may be pointed, blunt or notched.

Dimensions: diameter: 6—9 u.

Distribution: Spain: T. contortus Zone — T. orthostylus Zone; Israel: T. con-
tortus Zone — T. orthostylus Zone.

Genus Zygrhablithus Deflandre, 1959
Type species: Zygolithus bijugatus Deflandre, 1954
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Zygrhablithus bijugatus (Deflandre) Deflandre

Zygolithus bijugatus Deflandre, in Deflandre and Fert, 1954, p. 148, pl. 11, figs. 20, 21.

Zygrhablithus bijugatus (Deflandre) Deflandre, 1959, p. 135; Stradner and Edwards, 1966, p. 4446,
pl. 42, 43; Gartner and Bukry, 1969, p, 1218, pl, 140, figs. 3—6; pl. 142, figs. 1, 2; Perch-Nielsen,
19714, p. 58, pl. 58, figs. 7-9; pl. 59, fig. 10.

Isthmolithus claviformis Brénnimann and Stradner, 1960, p. 368, text-figs. 25—43.

Rhabdosphaera? semiformis Bramlette and Sullivan, 1961, p. 147, pl. 5, figs. 8—10.

Sujkowskiella enigmatica Hay, Mohler and Wade, 1966, p. 397, pl. 13, figs. 6, 7.

Zygrhablithus bijugatus crassus Locker, 1967, p. 764, pl. 1, fig. 7; pl. 2, figs. 7, 8.

Remarks: Variants having a quadrangular outline in side view have been ob-
served in the D. sublodoensis Zone.

Dimensions: length of base: 6—8 u., height: 13—-19 u.

Distribution: Spain: T. contortus Zone — N. fulgens Zone; Israel: T. contor-
tus Zone — D. sublodoensis Zone.

Genus Pedinocyclus Bukry and Bramlette, 1971

Type species: Pedinocyclus larvalis (Bukry and Bramlette) Loeblich and
Tappan, 1973

Pedinocyclus larvalis (Bukry and Bramlette) Loeblich and Tappan
(pl. 8, fig. 1) |
Leptodiscus larvalis Bukry and Bramlette, 1969, p. 134, pl. 2, figs. 8—11,

Pedinocyclus larvalis (Bukry and Bramlette) Loeblich and Tappan, 1973, p. 738; Perch-Nielsen, 1977,
pl. 14, fig. 3.

Remarks: The species is probably composed of two superposed shields,
which readily separate. Complete specimens show a bright zone around the
central opening in ‘cross-polarized light, while the loose shields show low
interference colours.

The side where the diameter of the central opening is largest is considered
to be distal. In distal view the sutures between the 23 to 35 elements are
slightly laevogyre; in proximal view they are subradial.

When the focus is somewhat above a specimen, straight extinction lines
can be observed, which make an angle of about 30° with the cross-hairs in
clockwise direction in distal view. The second and fourth quadrants of the
shields are blue when the gypsum plate is inserted.

Dimensions: diameter: 6—13 u.
Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel: T.
orthostylus Zone.
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Genus Chiphragmalithus Bramlette and Sullivan, 1961
Type species: Chiphragmalithus calathus Bramlette and Sullivan, 1961

Chiphragmalithus calathus Bramlette and Sullivan

Chiphragmalithus calathus Bramlette and Sullivan, 1961, p. 156, pl. 10, figs. 7, 8—10; Perch-Nielsen,
1971, p. 47, pl. 39, fig. 4.

Remarks: The height of this species is equal to, or larger than the width of
the distal side. The bars of the central cross are parallel to the sides at the
distal side, but they are almost diagonal at the proximal side.

Dimensions: width of distal side: 5—10 u.

Distribution: Spain: T. orthostylus Zone; Israel: T. orthostylus Zone.

Genus Cyclolithella Loeblich and Tappan, 1963
Type species: Cyclolithus inflexus Kamptner, 1952

Cyclolithella pactilis Bukry and Percival
Cyclolithella pactilis Bukry and Percival, 1971, p. 126, pl. 2, figs. 4—6.

Remarks: The species has the form of a centrally open, truncated cone. The
side with the smallest diameter is considered to be proximal. Distally and
proximally the cone shows a flange. The cone is composed of 12 to 22 ele-
ments.

The sutures in the proximal flange are oblique clockwise in proximal
view; in the distal flange they are subradial.

Early specimens are smaller than later ones, and elliptical variants have
been observed.

The extinction lines are slightly laevogyre in distal view.
Dimensions: diameter (length): 68 u.
Distribution: Spain: T. orthostylus Zone — D. sublodoensis Zone; Israel:
T. orthostylus Zone — D. sublodoensis Zone.

Genus Scyphosphaera Lohmann, 1902
Type species: Scyphosphaera apsteini Lohmann, 1902

Scyphosphaera columella Stradner

“Lopadolith from Lodo 39" Bramlette and Sullivan, 1961, pl. 5, fig. 19.
Scyphosphaera columella Stradner, 1969, p. 416, pl. 88, figs. 48 text-fig. 2/7—9.
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Remarks: The nannoliths have the form of a vase with slightly concave sides.
In our material the “bottom” is mostly absent. The inner layer is consider-
ably thicker than the outer one.

Dimensions: height: 8—21 u., diameter: 5-9 u.

Distribution: Spain: T. orthostylus Zone; Israel: T. orthostylus Zone.

Scyphosphaera apsteinii Lohmann

Scyphosphaera apsteini Lohmann, 1902, p. 132, pl. 4, figs. 26—30; Stradner, 1969, p. 416, pl. 89,
figs. 1-3; text-fig. 2/1—6; Perch-Nielsen, 1977, pl. 29, fig. 16.

Remarks: The inner and the outer layer of this rare, barrel-shaped species
are about the same thickness. Very small perforations in the margin could
be observed in the L.M.

Dimensions: height: 11 u., diameter: 11 u.

Distribution: Israel: T. orthostylus Zone — D. lodoensis Zone.

Scyphosphaera? expansa Bukry and Percival

Scyphosphaera expansa Bukry and Percival, 1971, p. 138, pl. 6, figs. 10—13.
Scyphosphaera? expansa Bukry and Percival, Perch-Nielsen, 1977, pl. 37, figs. 13, 14.
Remarks: The species has the form of a hollow truncated cone, closed at
the side with the smallest diameter. In our material this basal plate is gener-
ally absent.

The assignment to the genus Scyphosphaera is questionable, as the margin
consists of only a single layer.
Dimensions: height: 9~14 u., diameter: 5—7 .
Distribution: Spain: D. lodoensis Zone — N. fulgens Zone; Israel: D. lodoen-
sis Zone — D. sublodoensis Zone.

Genus Pseudotriquetrorhabdulus Wise and Constans, 1976
Type species: Pseudotriquetrorhabdulus inversus (Bukry and Bramlette) Wise
and Constans, 1976
Pseudotriquetrorhabdulus inversus (Bukry and Bramlette) Wise and Constans
Triquetrorhabdulus inversus Bukry and Bramlette, 1969, p. 142, pl. 1, figs. 9-14.
Pseudotriquetrorhabdulus inversus (Bukry and Bramlette) Wise and Constans, 1976, p. 154, pl. 4, figs.
1—9;Perch-Nielsen, 1977, pl. 37, figs. 2—5.

Remarks: In most specimens one end of the rod is blunt, the other acute,
but we also observed specimens with two acute ends. In side view the rods

-
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are evenly yellow when they make an angle of 45° in anti-clockwise direc-
tion with the Y-cross-hair, and evenly blue when rotated over 90° in clock-
wise direction.

Dimensions: length: 2426 p.

Distribution: Spain: D. sublodoensis Zone — N. fulgens Zone; Israel: D.
sublodoensis Zone.

Genus Nannotetrina Achuthan and Stradner, 1969

Type species: Nannotetraster fulgens Stradner, 1960
Description:

Shape: The nannoliths of this genus have the form of a hollow, four-sided
pyramid, which has protrusions at its base. The top of the pyramid is con-
sidered to be distal.

suture

suture

distal proximal

Nannotetrina

side

distal
+-nicols, 1x, standard orientation

Construction: The pyramids are composed of four units, separated by
sutures. The sutures may or may not lie along the edges of the pyramid. The
proximal side is partly filled with a crossike structure, which may or may
not be orientated along the diagonals of the base of the pyramid.

Specific criteria: The species are based on the shape and the orientation of
the protrusions of the base.
Standard orientation for distal view: Top of pyramid lying upwards; sides

~
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of the base parallel to the cross-hairs.

Extinction lines: In the standard orientation for distal view, the slightly
laevogyre or straight extinction lines make a small angle in anti-clockwise
direction with the diagonals of the base.

Colour distribution: In the standard orientation for distal view, the second
and fourth quadrants are blue, the others are yellow.

Differential diagnosis: Nannotetrina differs from Micula in its pyramidal
shape.

Nannotetrina cristata (Martini) Perch-Nielsen

Trochoaster cristatus Martini, 1958, p. 368, pl. 5, fig. 26; Stradner, 1959, p. 481, text-figs. 56, 58.

Nannotetraster cristatus (Martini) Martini and Stradner, 1960, p. 266; Stradner and Papp, 1961, p.
104, pl. 31, figs. 8, 10; text-fig. 10/10,

Chiphragmalithus cristatus (Martini) Bramlette and Sullivan, 1961, p. 156, pl. 10, figs. 11—-13; Ra-
domski, 1968, p. 557, pl. 48, figs. 10, 11.

Nannotetrina cristata (Martini) Perch-Nielsen, 1971d, p. 66, pl. 56, figs. 9—12; Perch-Nielsen, 1977,
pl. 47, figs. 112,

Remarks: The pyramids of this species show 8 spine-ike protrusions. The
bars of the central cross-structure lie along the diagonals; centrally they are.
somewhat higher than the margin. The sutures are slightly laevogyre in
distal view; they terminate marginally at some distance from the corners
(anti-clockwise).

Dimensions: length of edge: 10—11 u.

Distribution: Spain: D. sublodoensis Zone — N. fulgens Zone.

Nannotetrina fulgens (Stradner) Stradner

Nannotetraster fulgens Stradner, in Martini and Stradner, 1960, p. 268, text-figs. 10, 16.

Chiphragmalithus? quadratus Bramlette and Sullivan, 1961, p. 157, pl. 10, figs. 14, 15.

Nannotetrina fulgens (Stradner) Achuthan and Stradner, 1969, p. 7, pl. 5, figs. 4—6; Perch-Nielsen,
1971d, p. 66, pl. 55, figs. 1-7.

Remarks: The species is characterized by four long, spine-like elongations
of the basal sides of the pyramid in clockwise direction in distal view. Va-
riants were observed having a strongly reduced pyramid (= N. alata).
Dimensions: diameter: 20—25 pu.

Distribution: Spain: N. fulgens Zone.

Nannotetrina pappii (Stradner) Perch-Nielsen

Troachoaster pappi Stradner, 1959, p. 480, fig. 54.

Nannotetraster pappi (Stradner) Martini and Stradner, 1960, p. 266, fig. 5; Stradner and Papp, 1961,
p. 106, pl. 32, figs. 4, 5; text-fig. 10/7.

Nannotetrina pappi (Stradner) Perch-Nielsen, 1971d, p. 67, pl. 54, figs. 1—6;pl. 57, fig. 9.
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Remarks: In this species the sutures coincide with the diagonals of the al-
most square base. The bars of the central cross make a low angle in counter-
clockwise direction with the sutures in proximal view. At the intersection
points of the bars and the margin, outward projecting, short spines occur,
normal to the margin. These spines correspond to ridges on the distal side
of the margin.

Dimensions: distance of spine from tip to tip: 10—-21 u.

Distribution: Spain: N. fulgens Zone.

Genus Lanternithus Stradner, 1962

Type species: Lanternithus minutus Stradner, 1962

Lanternithus minutus Stradner

Lanternithus minutus Stradner, 1962, p. 375, pl. 2, figs. 12—15; Gartner and Bukry, 1969, p. 1217,
pl. 139, figs. 4—6; pl. 142, figs. 8, 9.

Remarks: This hollow, boxlike species is easily recognized by its hexagonal

or trapezoidal outline.

Dimensions: length: 4—6 u.

Distribution: Spain: N. fulgens Zone.
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Fig. 1

Figs. 2,3

Figs. 4,5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig. 10

Plate 1

Thoracosphaera operculata Bramlette and Martini, DN 75, Utrecht slide CH 6024,
location V —3, —3, sphere without an operculum, 3500 X.

Biscutum castrorum Black, DN 49, Utrecht slide CH 6025, 2, distal view, location
V+5,+1,5000 X, 3, proximal view, location V +4, +5, 5000 X.

Neocrepidolithus fossus (Romein), nov. comb., DN 72, Utrecht slide CH 6026, 4,
proximal view, location V +1,+5, 6000 X, 5, distal view, location V +2, —3, 3000 X.

Neocrepidolithus neocrassus (Perch-Nielsen), nov. comb., DN 55, Utrecht slide CH
6027, location V +2, —7, side view, 6000 X.

Markalius astroporus (Stradner) Hay and Mohler, SP 590, Utrecht slide T 362, loca-
tion V +3, +7, proximal view, 6000 X.

Placozygus sigmoides (Bramlette and Sullivan) nov. comb., SP 590, Utrecht slide CH
6028, location V +6, +2, proximal view, 6000 X.

Biantholithus sparsus Bramlette and Martini, DN 49, Utrecht slide CH 6025, location
V —7,+2, distal view, 3000 X.

Biscutum parvulum nov. sp., SP 566, Utrecht slide CH 6029, location V —3, —6,
partly overgrown coccosphere, 8000 X.

The locations of the specimens are based on an x-y coordinate system from the central V-marking of a
200 mesh copper grid (Hansen et al., 1975).
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Figs. 1, 2

Fig. 3

Figs. 4,5

Fig. 6

Fig. 7,8
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Plate 2

Biscutum parvulum nov. sp., SP 566, 1, holotype T 359a, Utrecht slide T 359, loca-
tion V +5, —2, distal view, 14000 X, 2, paratypoid, T 359b, Utrecht slide T 359,
location V —3, +4, distal view, 14000 X.

Braarudosphaera alta nov. sp., SP 566, holotype T 360, Utrecht slide T 360, location
V +1, —6, oblique distal {proximal) view, 6000 X.

Ericsonia cava (Hay and Mohler) Perch-Nielsen, 4, SP 601, Utrecht slide CH 6030, lo-
cation V +4, +6, distal view, 6000 X, 5, DN 79, Utrecht slide CH 5816, location V
+5,—1, proximal view, 6000 X.

Ericsonia subpertusa Hay and Mohler, SP 626, Utrecht slide CH 6032, location V +7,
—1, distal view, 6000 X.

Cruciplacolithus edwardsii nov. sp., 7, SP 590, holotype T 361, Utrecht slide T 361,
location V +3, —2, distal view, 8000 X, 8, SP 590, paratypoid, T 362, Utrecht slide
T 362, location V +7, +1, proximal view, 8000 X.
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Fig. 1

Fig. 2

Figs. 3—6

Figs. 7, 8

Fig. 9
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Plate 3

Chiasmolithus danicus (Brotzen) Bramlette and Martini, DN 75, Utrecht slide CH
6024, location V +7, —2, distal view, 6000 X.

Chiasmolithus eograndis Perch-Nielsen, IR 131, Utrecht slide CH 6033, location V
+1, —1, proximal view, 5000 X.

Prinsius dimorphosus (Perch-Nielsen) Perch-Nielsen, 3, SP 590, Utrecht slide CH
6034, location V +1, +1, coccosphere of P. dimorphosus type 1, 5000 X, 4, SP 590,
Utrecht slide T 361, location V +4, —1, coccosphere of P. dimorphosus type 1,
centro-distal cycle broken out in several coccoliths, 3500 X, 5, DN 79, Utrecht slide
CH 6031, location V +3, +1, distal view of specimen of P. dimorphosus type 2,
14000 X, 6, SP 566, Utrecht slide T 361, location V —3, +6, proximal view, note
the presence of three cycles, 12000 X.

Prinsius martinii (Perch-Nielsen) Haq, DN 79, 7, Utrecht slide CH 6031, location V
—2, +2, distal view, 6000 X, 8, Utrecht slide CH 6031, location V +7, +2, proximal
view, 10.000 X.

Toweius pertusus (Sullivan) nov. comb., SP 626, Utrecht slide CH 6035, location V
+2,+7, proximal view, 6000 X.
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Fig. 1

Figs. 2,3

Figs. 4,5

Fig. 6

Fig. 7
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Plate 4

Toweius eminens (Bramlette and Sullivan) Gartner s.l., SP 626, Utrecht slide CH
6035, location V +2, +7, proximal view, 10.000 X.

Toweius magnicrassus (Bukry) nov. comb., 2, SP 653, Utrecht slide CH 6036, loca-
tion V —8, +2, distal view, 6000 X, 3, SP 638, Utrecht slide CH 6037, location V
—1, +3, proximal view, 6000 X.

Toweius gammation {Bramlette and Sullivan) nov. comb., 4, IR 132, Utrecht slide
CH 6038, location V +3, +3, distal view, 6000 X, 5, IR 135, Utrecht slide CH 6039,
location V —4, —3, proximal view, 6000 X,

Reticulofenestra dictyoda (Deflandre and Fert) Stradner, SP 674, Utrecht slide CH

6040, location V —1, +3, distal view, central area overgrown, note the bend in the
sutures in the distal shield, 6000 X.

Fasciculithus ulii Perch-Nielsen, SP 612, Utrecht slide CH 6041, location V +2, —6,
oblique distal view, 6000 X,
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Fig. 1

Fig. 2

Fig. 3

Figs. 4,5

Fig. 6

Figs. 7,8

Fig. 9
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Plate 5

Fasciculithus janii Perch-Nielsen, SP 624, Utrecht slide CH 6042, location V —8, —4,
oblique distal view, 6000 X.

Fasciculithus schaubii Hay and Mohler, SP 626, Utrecht slide CH 6043, location V
+6, +4, interior of a damaged specimen in side view, 6000 X,

Fasciculithus lillianae Perch-Nielsen, SP 626, Utrecht slide CH 6032, location V +5,
—3, side view, 6000 X,

Fasciculithus involutus Bramlette and Sullivan, SP 626, Utrecht slide CH 6035, loca-
tion V —4, —2, 4, oblique distal view, 6000 X, 5, distal view of the same specimen,
6000 X.

Heliolithus elegans {(Roth) nov. comb., SP 615, Utrecht slide CH 6044, location V +7,
+1, side view, 5000 X.

Heliolithus megastypus (Bramlette and Sullivan) nov. comb., IR 101, Utrecht slide
CH 6045, location V +1, —1, 7, oblique distal view, 6000 X, 8, distal view of the
same specimen, 6000 X.

Discoaster mohleri Bukry and Percival, SP 623, Utrecht slide CH 6046, location V
+5, +3, proximal view, 6000 X.
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Figs. 1-3

Fig. 4

Fig. 5

Fig. 6

Figs. 7,8

Plate 6

Discoaster multiradiatus Bramlette and Riedel, 1, SP 626, Utrecht slide CH 6047,
location V +4, —3, distal view, 6000 X, 2, SP 626, Utrecht slide CH 6048, location
V +4, +3, distal view, 6000 X, 3, SP 630, Utrecht slide CH 6049, location V. —4,
—2, oblique distal view, 6000 X.

Discoaster perpolitus Martini, SP 626, Utrecht slide CH 6050, location V +1, +1,
proximal view, 6000 X. ’

Discolithina rimosa (Bramlette and Sullivan) Levin and Joerger, SP 626, Utrecht
slide CH 6043, location V —5, —2, distal view, 5000 X

Scapholithus apertus Hay and Mohler, SP 626, Utrecht slide CH 6050, location V +7,
+1, proximal, view, 6000 X.

Discoaster araneus Bukry, 7, SP 630, Utrecht slide CH 6049, location V +2, +2,
3000 X, 8, SP 629, Utrecht slide CH 6051, location V +5, +4, 3000 X.
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Fig. 2

Figs. 3, 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9
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Plate 7

Discoaster barbadiensis Tan Sin Hok, SP 653, Utrecht slide CH 6052, location V —4,
+6, proximal view, 5000 X.

Discoaster binodosus Martini, IR 132, Utrecht slide CH 6047, location V —1, -3,
distal view, 3000 X.

Rhomboaster bitrifida nov. sp., 3, 1R 107, Utrecht slide CH 6053, location V —2, —4,
early type, 5000 X, 4, SP 630, Utrecht slide T 363, location V +5, +3, holotype
T 363,3000 X.

Rhomboaster calcitrapa Gartner, SP 629, Utrecht slide CH 6051, location V +5, +7,
4000 X.

Tribrachiatus spineus {Shafik and Stradner) nov. comb., SP 629, Utrecht slide CH
6051, location V +4, +6, 2500 X.

Semihololithus biskayae Perch-Nielsen, SP 626, Utrecht slide CH 6054, location V —3,
—4, side view, 5000 X.

Lapideacassis blackii Perch-Nielsen, SP 626, Utrecht slide CH 6043, location V +4,
—4, side view, 1200 X.

Sphenolithus radians Deflandre, IR 132, Utrecht slide CH 6038, location V —1, 6,
side view, 6000 X.






Plate 8

Fig. 1 Pedinocyclus larvalis (Bukry and Bramlette) Loeblich and Tappan, SP 673, Utrecht
slide CH 6055, location V +5, +5, 6000 X.

Fig. 2 Pontosphaera pulchra (Deflandre) nov. comb., IR 132, Utrecht slide CH 6038, loca-
tion V —3, +3, proximal view, 6000 X.

Fig. 3 Cyclolithella pactilis Bukry and Percival, SP 648, Utrecht slide CH 6056, location V
+4, —7, distal view, 6000 X.

Fig. 4 Lophodolithus nascens Bramlette and Sullivan, IR 131, Utrecht slide CH 6033, loca-
tion V +7, —5, proximal view, 6000 X.

Fig. 5 Chiphragmalithus? sp., SP 653, Utrecht slide CH 6036, location V +5, +7, side view,
6000 X.
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Fig. 1

Figs. 2,3

Fig. 4

Fig. 5

Fig. 6

Figs. 7,8

Figs. 9,10

Fig. 11
Figs. 12,13

Fig. 14

Fig. 15

Plate 9

Biscutum castrorum Black, DN 49, Utrecht slide CH 6057, distal view, 2500 X.

Braarudosphaera alta nov. sp., SP 566, 2, Utrecht slide T 364, location 1FK4,
paratypoid T 364a, distal (proximal view), 2000 X, 3, Utrecht slide' T 364, location
2GS2, paratypoid T 364b, side view, 2000 X.

Neocrepidolithus fossus (Romein), nov. comb., DN 76, Utrecht slide CH 6058, proxi-
mal view, 3500 X.

Neocrepidolithus neocrassus (Perch-Nielsen), nov. comb., SP 573, Utrecht slide CH
6059, proximal view of a specimen with a cross-like central structure, 1500 X.

Cruciplacolithus frequens (Perch-Nielsen), nov. comb., IR 104, Utrecht slide CH
6060, proximal view, 1500 X.

Cruciplacolithus latipons nov. sp., SP 614, 7, Utrecht slide T 365, location 6QP3,
holotype T 365a, distal view, 2500 X, 8, Utrecht slide T 365, location 7JC2, para-
typoid T 365b, proximal view, 1800 X.

Cruciplacolithus edwardsii nov. sp., SP 590, 9, Utrecht stide T 366, location 80R4,
paratypoid T 366a, proximal view, 2500 X, 10, Utrecht slide T 366, location 3FG4,
paratypoid T 366b, distal view, 2500 X.

Lapideacassis blackii Perch-Nielsen, SP 623, Utrecht slide CH 6061, side view, 1500 X,

Fasciculithus magnicordis nov. sp., SP 609, 12, Utrecht slide T 367, location 9VQ4,
holotype T 367a, side view, 1500 X, 13, Utrecht slide T 367, location 9VQ4, para-
typoid T 367b, side view, 2500 X.

Fasciculithus magnus Bukry and Percival, SP 608, Utrecht slide CH 6062, side view,
2500 X,

Fasciculithus bitectus nov. sp., IR 85, Utrecht slide T 368, location 10 QO4, holo-
type T 368a, side view, 25000 X,

The locations of the specimens are based on a “cell finder culture slide’ coordinate system (model
Leiden 1974, microlab. Holland).
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Fig. 1

Fig. 2

Figs. 3,4

Fig. 5

Fig. 6

Figs. 7—-9

Figs. 10—13

Fig. 14

Fig. 15
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Plate 10

Heliolithus elegans (Roth) nov. comb., IR 106, Utrecht slide CH 6063, side view,
1500 X.

Heliolithus cantabriae Perch-Nielsen, IR 102, Utrecht slide CH 6064, side view,
1500 X.

Zygodiscus clausus nov. sp., SP 619, 3, Utrecht slide T 369, location 5P03, holo-
type T 369a, distal view, 1000 X, 4, SP 619, Utrecht slide T 369, location 6Z04,
paratypoid T 369b, distal view, 15000 X.

Zygodiscus adamas Bramlette and Sullivan, SP 619, Utrecht slide CH 6065, distal
view, 1500 X,

Zygodiscus plectopons Bramlette and Sullivan, IR 123, Utrecht slide CH 6066,
proximal view, 1500 X. '

Rhomboaster intermedia nov. sp., SP 624, 7, Utrecht shide T 370, location 8ZRA4,
holotype T 370a, high focus, 2500 X, 8, same specimen, low focus, 2500 X, 9,
Utrecht slide T 370, location 8ZE1, paratypoid T 370b, high focus, 2500 X.

Rhomboaster bitrifida nov. sp., SP 630, 10, Utrecht slide T 371, location 7QK2,
paratypoid T 371a, high focus, 3000 X, 11, same specimen, low focus, 3000 X,
12, Utrecht slide T 371, location 6HJ3, paratypoid, specimen with relatively short
arms, high focus, 3000 X, 13, same specimen, low focus, 3000 X.

Ericsonia universa (Wind and Wise) nov. comb., IR 100, Utrecht slide CH 6067,
proximal view, 1500 X.

Tribrachiatus contortus (Stradner) Bukry, IR111, Utrecht slide CH 6068, 1500 X.
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