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Summary: The coccolith-bearing algae, and certain related forms with uncalcified scales, have recently 
been shown to differ from the rest of the Chrysophyceae sufficiently to justify their removal to a 
separate class, known as the Haptophyceae. Within the Haptophyceae, coccolith-morphology provides 
the most practicable means of classification for the taxa with calcified scales, and can be applied to 
living and fossil forms alike. Several living families can be traced back to the Mesozoic, and the system
atic status of these and of a few extinct families is discussed in the light of their geological history. The 
Coccolithophoraceae are shown to include several phylogenetic stocks, which are probably best treated 
as subfamilies. 

SYSTEMATIC STATUS OF THE COCCOLITHO
PHORALES 

The first comprehensive classification of coccolith-bearing 
organisms was published by Lohmann (1902). Adopting 
a zoological nomenclature, he placed them in a single 
family, the Coccolithophoridae. Since Lohmann's time, 
this name has come to be used in an informal way, not 
necessarily having any strict taxonomic implication. 
Many workers followed Lohmann in treating the Cocco
lithophoridae as Protozoa,. but on the basis of their phy
siology and life-histories, they find a natural place among 
the scale-bearing Chrysophyceae, and have come to be 
accepted as unicellular algae; several families are now re
cognized and have been united into the order Coccolitho
phorales (Lemmermann 1908; Schiller 1926). 

The traditional method of subdividing the Chrysophy
ceae into orders depends largely upon the number and 
character of the flagella in the motile phase, but recent 
work has shown that if the nature of the scales were to 
be made the basis of classification instead of the flagella, 
the ultimate result would be much the same (Parke 1961a). 
All those Coccolithophorales whose motile phases have 
been examined possess a similar flagellar apparatus, with 
two acronematic flagella and one haptonema, an arrange
ment which is also found in Chrysochromulina and a few 
other general with uncalcified scales (Parke and Adams 
1960; Parke 1961b). 

The possession of a haptonema is regarded by 
Christensen {1962) and Parke (in Parke and Dixon 1964) 

as a character of fundamental systematic importance 
which justifies the removal of these taxa from the re
mainder of the Chrysophyceae and the creation of a new 
class, the Haptophyceae, for their reception. The present 
situation thus appears to be that, in regard to flagellar 
apparatus, the Coccolithophorales form a homogeneous 
order, distinguished from other Haptophyceae by the 
presence of calcified scales at some stage in their life
history. 

BASIS OF CLASSIFICATION 

The detailed classification of the Coccolithophorales is 
based almost entirely upon the structure and arrangement 
of their coccoliths, with only minor emphasis upon other 
features such as cell-shape and the presence or absence 
of an apical depression. The well-known schemes drawn 
up by Lohmann (1902), Lemmermann (1908), Schiller 
(1930) and Kamptner {1958) are all based upon this 
principle, and the classifications used by most workers 
today are natural developments from one or other of 
these. 

This basis of classification has great advantages for the 
marine palaeontologist, because it enables him to identify 
and name isolated coccoliths discovered in samples of 
bottom sediments. Further, it can be expanded to accom
modate extinct taxa within the same framework that is 
used for living forms. These are advantages not to be 
lightly sacrificed for the sake of other classifications based 
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upon more sophisticated principles. 
Lohmann (1902, p. 127) divided the Coccolithopho

ridae into two subfamilies, the Syracosphaerinae with un
pierced, and the Coccolithophorinae with perforated 
coccoliths. Lemmermann (1908) recognized the same 
two major subdivisions, but elevated them to the rank of 
suborders to make room for several newly-created families. 
Schiller (1930, p. 171) made the same fundamental dis
tinction, and recognized three families with unpierced 
coccoliths, the Syracosphaeraceae, Deutschlandiaceae and 
Halopappaceae, and two families with perforated cocco
liths, the Thoracosphaeraceae and Coccolithaceae. 

In his classification of the living Coccolithineae of the 
northern Adriatic, Kamptner (1941, p. 71) made a slight 
departure from the strict separation of imperforate from 
perforate forms by including the newly-discovered Terge
stiel/a in the otherwise perforate Coccolithaceae. His 
grounds for doing this were that although Tergestiella has 
no perforation, it can theoretically be regarded as a deri
vative of perforated ancestors by shrinkage and oblitera
tion of the pore. Recent work with the electron micro
scope has tended to alter our views on the taxonomic 
importance of perforations more radically than this, for 
many Syracosphaeraceae are now known to be riddled 
with pores, and too many Coccolithaceae have solid 
centres for this anomaly to be explained away as an ex
ception to a general rule. 

In his most recent scheme of classification, Kamptner 
( 1958, p. 68) has strongly emphasized the phylogenetic 
principle. On theoretical grounds he sought out what he 
considered to be the most primitive design in coccolith
structure, and with this as a starting-point, grouped the 
known genera into a series of sub-tribes and higher taxa 
according to their position in a hypothetical phylogenetic 
scheme, depending upon the departure of their structure 
from that of Tergestiella, as representing the assumed 
ancestral form. Although fossil coccoliths were included 
in the scheme, the underlying phylogenetic framework 
was constructed without reference to the geological 
record, which at that time was insufficiently well-known 
to be of much help .' 

Since 1958 an enormous amount of new information 
about the geological history of the coccolith-bearing 
algae has become available, and the time-element can no 
longer be ignored; this has inevitably modified our ideas 
about the interrelationships of many taxa and their phy
logeny. It is too early to predict what the ultimate effect 
upon the systematics of coccoliths is likely to be; the 
main purpose of this paper is to make an interim report 
on a few well-known taxa that have already been examined 
in this way, and to suggest one or two taxonomic changes 

that seem to be desirable in the light of these studies. 

THE FOSSIL RECORD 

We can trace the history of the coccoliths back to about 
the middle of the Cretaceous Period in marine bottom 
sediments under the present oceans, and on land we can 
go a little further, to the beginning of the Jurassic. This 
history is by no means a record of steady progress; like 
other groups of fossils, the coccoliths have had their 
phases of exuberant proliferation and their times of mass
extinction. The pre-Jurassic record is shrouded in ob
~curity. At the beginning of the Jurassic a modest number 
of species already existed; there is a spectacular influx 
of new arrivals in the early Oxfordian, and once more in 
the Albian. Bramlette and Martini (1964) have shown 
that there is a drastic extinction of Mesozoic species at 
the end of the Maastrichtian, followed by a new diver
sification that started in the Palaeocene and led up to the 
remarkably rich assemblages of the Middle and Upper 
Eocene. The majority of the Tertiary species died out 
before the Pleistocene, and the richly varied population 
of the present-day oceans is very largely a post-Tertiary 
development. 

The main events in this history have an important 
bearing upon the classification of coccoliths, and we may 
now look at some of the more general implications. In the 
first place, the modern calcareous phytoplankton includes 
two distinct groups of species from this point of view; one 
of these consists of survivals from the Tertiary, and the 
other consists of purely modern forms for which we can 
find no obvious ancestors in pre-Quaternary bottom de
posits. Some of the survivals belong to very ancient line
ages which became specialized at an early stage in cocco
lith history, and have maintained their individuality ever 
since. 

The Coccolithophoraceae provide an outstanding ex
ample of an ancient stock which was already in existence 
early in the Jurassic, and has flourished from that time to 
the present day. The Mesozoic members of this stock being 
mostly too small for comfortable study under the ordinary 
microscope, were difficult to classify until electron micro
scopes became available. Denise Noel's work (1965) on the 
Jurassic species has cleared up a great deal of misunder
standing, and has shown that these early forms are in 
several respects different from the Tertiary and living 
members of the family. A general picture seems to be 
emerging of two main evolving complexes in the Mesozoic, 
and a new set of complexes in the Tertiary, one of which 
leads up to the living Coccolithus pelagicus (Fig. 3),' and 
the other to Gephyrocapsa oceanica (Fig. 15) and Cocco-

1 Figures 1 to 42 illustrating this article will be found on Plates 45.1 to 45.4 following the Bibliography. 
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lithus huxleyi. In the detailed discussion which follows on 
a later page, these complexes will be treated as separate 
families. 

The geological history of several living genera such as 
Helicosphaera and Rhabdosphaera, which in some classi
fications have been included in the same family as Cocco
lithus, can also be traced back into the Tertiary. The 
ancestral forms retain most of the peculiarities of the 
living species, and show no tendency to become more like 
Coccolithus as they are traced back in geological time. 
If there is any phylogenetic connection with the Cocco
lithophoraceae, it must be very remote, and far beyond 
the limit of the known stratigraphical record. The strati
graphical evidence is thus in favour of regarding the living 
Helicosphaera and Rhabdosphaera as representatives of 
two separate families, each with a long record of indepen
dence. 

Braarudosphaera bigelowi is the sole surviving species of 
a vigorous family which flourished greatly during the Ter
tiary, and is now otherwise extinct. B. bigelowi itself 
probably has a longer range than any other species of 
coccolithophore, since coccoliths that cannot be distin
guished from those of the living alga are well-known in 
Cretaceous rocks. 

The remarkably-shaped Calciosoleniaceae (Figs. 1, 2) 
have an equally long geological record. Never abundant, 
members of this family have been found in rocks of 
various ages back to the middle of the Cretaceous, and 
there has been astonishingly little change in their appear
ance during this long interval. Their palaeontological 
record emphasizes the homogeneity of the family, but 
gives no help towards solving the problem of their relation
ship to other families of coccolithophores. 

The purely Holocene members of the living plankton 
raise an entirely different set of problems, for which no 
solution is forthcoming from a study of the fossil record. 
Nevertheless, the mystery of their sudden appearance in 
the post-Tertiary oceans is not unique, for it can be par
alleled to some extent by the sudden bursts of new forms 
in the Oxfordian, Albian and Eocene. 

At various levels in the geological record, new types 
of coccoliths appear in this way, without any recognizable 
ancestors, and they become extinct equally abruptly 
without leaving any known descendants. Some of these, 
for example the Podorhabdaceae, include a great variety 
of morphological variants, and flourished for a substantial 
length of time. At the other extreme are single crypto
genic species such as Goniolithus fluckigeri which existed 
for a short time only, and cannot be fitted into any pre
viously known family. Each of these appears to be the 
sole representative of an otherwise unknown family. Other 
'small families', as Deflandre (1966) has called them, con-

sist of just a few closely similar species; the Deflandria
ceae, for example, include no more than half-a-dozen 
species, yet these are so abundant in the Upper Cretaceous 
and have such a distinctive appearance that rocks of this 
age may be dated by their presence (Figs. 26-8). 

LIVING FAMILIES 

Of the living families whose ancestry can be traced back 
into the Mesozoic, the Coccolithophoraceae are much 
the most prolific both in species and in individuals, and 
they are discussed below in some detail ; a few other 
families with fossil records are dealt with more briefly. 
The Zygosphaeraceae, yQilch are generally not found in 
bottom sediments, are mentioned only to emphasize their 
independence from the extinct Zygolithaceae. 

Coccolithophoraceae Lemrnermann 1908; (Figs. 3-7) 

Sediments of all ages from the Jurassic to the most recent 
contain coccoliths which are constructed on the same 
general plan as those of Coccolithus pelagicus and Cyclo
coccolithus leptoporus. They are either elliptical or cir
cular in outline and consist of two shields, each made of 
radial elements arranged like the petals of a flower round 
a central pillar. In some species this pillar is tubular with 
an obvious central pore ; in others it is solid, or may take 
the form of a wide elliptical opening, either empty or 
ornamented in various ways. There are innumerable 
reports of C. pelagicus in the literature from rocks going 
as far back as the Jurassic, but even a cursory examination 
of the Mesozoic forms in polarized light is sufficient to 
show that they are optically quite different from the 
living species; under the electron microscope even the 
Tertiary fossils can be distinguished from C. pelagicus. 
Indeed, it seems likely that C. pelagicus, as understood 
by a marine biologist, is a very recent addition to the 
oceanic plankton. It is clearly desirable to bring the no
menclature of these pelagicus-like forms into closer cor
respondence with our present knowledge of their biology 
and fine-structure. From a biological point of view, it is 
tolerably certain that all the specimens found in bottom 
sediments are remains of non-motile resting stages, ana
logous with the cyst-phase of C. pelagicus, and we can 
employ a classification based upon the assumption that 
we are all the time comparing encysted coccospheres, 
or their component coccoliths. The International Code of 
Botanical Nomenclature (Lanjouw 1966) has provisions 
for accommodating any motile phases that may be dis
covered, such as the Crystallolithus phase of C. pelagicus. 

The first necessity is to restrict the genus Coccolithus 
to species that do not differ too widely from the type 
species, C. pelagicus. There are at present between 80 
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and 100 valid species referred to this genus, and these 
include forms with a very wide range in the details of 
their structure. Noel's critical revision of the Jurassic 
species has shown that none of these can reasonably be 
retained in the genus Coccolithus, and a similar rigorous 
study of Cretaceous species would inevitably lead to the 
same result. Revision of the Lower Tertiary forms has 
already led to the removal of further species into new 
genera such as Apertapetra and Chiasmolithus, so that 
Coccolithus is in danger of being left with an ill-defined 
residue of species awaiting revision. 

lt is proposed to restrict the genus Coccolithus to those. 
species in which the coccoliths of the cyst-phase agree with 
those of C. pelagicus in the following respects: two ellip
tical shields united by a connecting pillar or a tube which 
may be open or concealed; distal shield consisting of 
strongly imbricated petaloid elements, without a corona; 
proximal shield and connecting tube strongly birefringent, 
distal shield having little or no effect on polarized light 
passing through it at right angles to the elliptical plane of 
the coccolith. 

Most of these characters are shared by living species of 
Cyclococcolithus (Fig. 7); this genus differs from Cocco
lithus mainly in the circular outline of the placoliths, the 
different structure of the central pillar, and the curved 
radial margins of the petaloid elements. Both genera differ 
from comparable Mesozoic forms in the special optical 
orientation of the crystals in the distal shield, and it is 
proposed to restrict the family Coccolithophoraceae 
Lemmermann to taxa which share this peculiarity. As thus 
delimited, the Coccolithophoraceae appear to be confined 
to the Caenozoic, and are most abundant in the Upper 
Tertiary and Quaternary. 

Gephyrocapsaceae fam. nov. (Figs. 15-18) 

In the living genus Gephyrocapsa the rays of the distal 
shield do not overlap each other as they do in the genera 
so far considered, but lie side by side, with the sutures 
between adjacent rays nearly at right angles to the surface 
of the shield. The same arrangement is seen in Cocco
lithus huxleyi and in the species-group of C. doronicoides 
in the late Tertiary and Quaternary. Ellipsoplacolithus 
exsectus Kamptner and E. lacunosus Kamptner from Pleis
tocene CQres in the Pacific are again very similar in the 
structure of their shields (Kamptner 1963, figs . 50-2); 
indeed, almost identical forms in Pleistocene cores from 
the North Atlantic have recently been figured under the 
name of Coccolithus doronicoides (Mclntyre and Be 1967 , 
pl. 2B and pi. 3A). 

In the Pleistocene, Mclntyre (1967) has found cocco
liths intermediate in form between Gephyrocapsa oceanica 
and C. huxleyi, and he has given reasons for believing that 

C. huxleyi has evolved from the Gephyrocapsa stock. 
Recent work suggests that all these forms are closely re
lated, and that they belong to a family that was actively 
evolving during the Pleistocene, independently of the 
Coccolithophoraceae. The name Gephyrocapsaceae is pro
posed for this family, with the following diagnosis: Cocco
lithophorales bearing placoliths with a large central open
ing and with the shields constructed of non-imbricate 
radial elements. Typical genus Gephyrocapsa Kamptner. 
(Gephyrocapsaceae: Coccolithophorales placolithos ellip
ticos ferentes; in medio coccolitho foramen amplum; pali 
geminorum scutorum commissuris orthogoniis. Genus 
typicum: Gephyrocapsa Kamptner.) 

Coccoliths with a similar structure are abundant in 
the Tertiary; C. marismontium in the Middle Eocene has 
much in common with some variants of C. doronicoides, 
and there are forms in the Miocene and Pliocene which 
appear to link the two together. An independent generic 
name is needed for the C. doronicoides and C. marismon
tium complex of species, in which the placoliths have a 
large open centre and in which both shields consist of 
numerous non-imbricate rays. The earliest generic name 
other than Coccolithus which has been proposed for a 
coccolith of this kind appears to be Ellipsoplacolithus 
Kamptner. Loeblich and Tappan (1966, p. 139), invoking 
Article 34 of the International Code of Botanical Nomen
clature, have regarded this name as not having been 
validly published. Nevertheless, when Kamptner (1963, 
p. 171) proposed Ellipsoplacolithus as a new genus, he 
gave a diagnosis in which it is treated as an organ-genus, 
and designated E. lacunosus Kamptner as type species. 
The name is thus provisional only in the same sense that 
all organ-genera are provisional, but not within the mean
ing of Article 34. If we therefore accept it as a legitimate 
name, Coccolithus doronicoides becomes Ellipsoplaco
lithus doronicoides (Black and Barnes) n. comb., and C. 
marismontium becomes E. marismontium (Black) n. comb. 

The central opening of Gephyrocapsa is spanned dis
ially by an oblique bridge, and proximally by a grille. A 
similar grille, but without a bridge, is present in C. huxleyi 
and in a large number of Tertiary species of Tremalithus 
as defined by the genotype, T placomorphus. Reticula
fenestra Hay , Mohler and Wade, and Dictyococcites Black 
differ very little from Tremalithus Kamptner, and prob
ably ought to be merged into this genus. 

All the forms discussed above fall quite naturally into 
the Gephyrocapsaceae . In the Cretaceous, there is an 
interesting complex of species whose relationships are 
not so clear-cut. They reach their greatest diversity in the 
Albian and Cenomanian, where there are forms with a 
bewildering combination of characters, some suggestive 
of the Gephyrocapsaceae, others of the Ellipsagelosphae-
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raceae. Much work will be needed before these can be 
satisfactorily sorted out; it may well be that we have here 
a record of an evolutionary divergence amongst whose 
products were the ancestors of the gephyrocapsoid stock 
that did not become clearly differentiated until the Ter
tiary. 

Rhabdosphaeraceae Lemmermann 1908; (Figs. 19-20) 

In early classifications, when great emphasis was laid 
upon the presence or absence of a central pore, the 
rhabdoliths and placoliths were regarded as homologous 
structures. Because Rhabdosphaera claviger and similar 
species were believed to have a narrow canal running 
through the centre of the spine, it was argued that the 
placoliths and rhabdoliths could be regarded as divergent 
modifications of a single structural plan , the one with a 
short connecting-tube and well-developed distal shield, 
the other with a much exaggerated connecting-tube and 
no distal shield. For this reason , Rhabdosphaera and 
Cyclococcolithus were regarded as being closely enough 
related to be put in the same family or even the same sub
tribe. 

Recent observations have removed the force of these 
arguments. Broken specimens of R . claviger show that the 
spine consists of a solid bundle of calcite fibres, and the 
basal plate has no resemblance to the proximal shield of 
Cyclococcolithus, the method of construction being quite 
different in the two genera (compare Figs. 7 and 20). 

Rhabdoliths with a similar structure are known 
throughout most of the Tertiary, but have not yet been 
discovered in Mesozoic rocks. The spine-bearing forms in 
the Cretaceous and Jurassic are of a different kind , with 
basal disks quite unlike the disk of a modern rhabdolith. 

The living rhabdospheres and their Tertiary relatives 
clearly belong to a separate family, whose earliest repre
sentatives show no resemblance to placoliths in the gener
ally accepted sense, and there is no longer any justification 
for sinking Lemmermann's Rhabdosphaeraceae into the 
Coccolithophoraceae. 

Helicosphaeraceae fam. nov. (Figs. 21 -3) 

Diagnosis: Coccolithophorales whose coccoliths have a 
large elliptical central shield surrounded by a spiral or 
otherwise asymmeuical flange constructed of radial 
elements. Typical genus Helicosphaera Kamptner . 
(Coccolithophorales coccolithis irregulariter ellipticis; in 
medio coccolitho scutum magnum ellipticum, ora inae
quali circumdatum; ora palls angustis structa, vel in coch
leam serpens, vel aliter inaequalis. Genus typicum: Helico
sphaera Kamptner.) 

The peculiar coccoliths for which Kamptner created 
the genus Helicosphaera were for many years regarded as 

asymmetrically developed placoliths, and many authors 
have included them in Coccosphaera or Coccolithophora. 
The internal structure of the massive central area is still 
not fully understood, but is clearly quite different from 
the pillar or tube of a placolith, and the petaloid elements 
are arranged in a single spiral band and not in two separate 
annular shields. 

Looking back into the Tertiary, we find a succession 
of species that share these peculiarities, and the genus 
Helicosphaera can confidently be traced back to the 
Eocene. The early species are associated with other asym
metrical coccoliths included in the genus Lophodolithus; 
in these the petaloid flange is apparently not spiral, but 
is more strongly developed at one sector of the periphery 
than elsewhere. Lophodolithus is unknown from pre
Tertiary rocks, but Kamptnerius in the Upper Cretaceous 
shares some of its peculiarities. 

With the information available at present, it is difficult 
to assess the phylogenetic significance of an asymmetrical 
flange. Bramlette and Sullivan (1961) have given evidence 
of a gradation between the two genera in the less extreme 
forms of Lophodolithus and Zygodiscus, but there is as 
yet no connecting link between either of these and Kampt
nerius. At no time in the known geological history of these 
genera is. there any sign of derivation from a placolith-like 
structure. 

Braarudosphaeraceae Deflandre 194 7; (Figs. 24, 25) 

The geological history of this family is in several respects 
remarkable. The single living species, Braarudosphaera 
bigelowi, has peculiar coccoliths which are very easy to 
recognize in oceanic sediments. Similar coccoliths, indis
tinguishable from those of B. bigelowi, have been found in 
deposits of many ages going back to the Cretaceous, and 
there is a strong probability that this species has indeed 
survived virtually unaltered from the Mesozoic. The un
usual pentalith-construction of the coccoliths is unique 
among living forms, but is found in great diversity in 
numerous species in the Lower Tertiary; some of these 
can be referred to Braarudosphaera, and a larger number 
have been placed in the related genera Micrantholithus 
andPemma. 

In the condition in which it is collected in plankton
hauls, the cell of B. kigelowi is completely enclosed in a 
shell constructed of twelve coccoliths which fit together 
to make a regular pentagonal dodecahedron. No flagella 
are present, and the cells are presumably in an encysted 
condition . Two other genera are known which produce 
dodecahedra! shells. In Goniolithus jluckigeri from the 
Eocene , the coccoliths are pentagonal , but are otherwise 
quite unlike those of B. bigelowi. Tergestiella adriatica, 
now living in the Adriatic Sea, has circular coccoliths, 
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different in structure from both the others. These genera 
appear to belong to three distinct families, each of which 
has independently stabilized the number of coccoliths 
at twelve, and has adopted the dodecahedra! method of 
shell-construction for the cyst-phase. 

Zygosphaeraceae fam. nov. 

Diagnosis: Coccolithophorales bearing zygoform or 
calyptroform holococcoliths. Typical genus Zygosphaera 
Kamptner. (Coccolithophorales holococcolithos vel 
zygoformes vel calyptroformes ferentes. Genus typicum: 
Zygosphaera Kamptner.) 

Zygosphaera was first described by Kamptner (1936, 
1937) together with several other genera for which he 
created the subfamily Zygosphaeroideae. The coccoliths 
were described and figured as elliptical rings spanned on 
the distal side by a bridge which was more or less strongly 
arched and often carried a knob or spine. Kamptner used 
the name zygolith for coccoliths built on this plan; they 
are easily recognized under the light-microscope , and fos
sils with a similar appearance have long been known to be 
common in the Chalk, both in Europe and North America. 
For these, Deflandre (in Deflandre and Fert 1954) used 
the generic name Zygolithus, originally proposed by 
Kamptner for zygoliths found in the Upper Tertiary of 
the East Indies. 

The fine-structu re of zygoliths remained unknown so 
long as their study was confined to the light-microscope. 
Examination under the electron microscope has shown 
that two totally different types of fine-structure are in
volved. The fossil zygoliths are typical heterococcoliths, 
and will be discussed later (p. 617); examples are shown 
in Figs. 29-33. All the Zygosphaeraceae that have been 
examined at high magnifications, on the other hand, have 
holococcoliths; these are constructed of very small calcite 
crystals, either rhombohedra or short hexagonal prisms, 
which have a remarkably uniform size and shape in any 
particular species (Halldal and Markali 19 55; Gaarder 
1962). These authors have shown that the coccoliths of 
Calyptrosphaera and Sphaerocalyptra also are constructed 
in the same way. 

Noel (1965) has created the family Zygolithaceae for 
the fossil species (mostly Mesozoic) which have zygoliths 
constructed on the heterococcolith plan . It is here pro
posed that the living forms discussed above, which have 
zygoform or calyptroform holoccoliths, should be brought 
together into a separate family, the Zygosphaeraceae. 

EXTINCT FAMILIES 

The extinct coccoliths are dealt with here according to 
the International Code of Botanical Nomenclature 

(Lanjouw 1966), which allows the creation of organ
genera for fragmentary specimens of fossil plants such as 
isolated coccoliths. Since the Coccolithophorales are 
classified on the basis of coccolith-structure, there are 
no problems about using such organ-genera, which can 
be assigned to a family that may be either living or ex
tinct. It is thus unnecessary to use a separate classification 
into parataxa for fossil coccoliths. 

Work on the systematics of fossil coccoliths is still in 
the early stages, and a large number of the genera which 
have been described still remain unassigned to any family . 
Four families which are represented in marine bottom 
sediments are discussed below. 

Ellipsagelosphaeraceae Noel1965;(Figs. 8-14) 

The Mesozoic coccoliths that have sometimes been re
corded as C. pelagicus are readily distinguishable from 
this species in polarized light. Both shields are strongly 
birefringent , and between crossed nicols there is a com
plicated interference pattern formed by the superposition 
of two black crosses, one produced by each shield. In the 
Coccolithophoraceae, only the proximal shield and the 
central structure contribute to the interference pattern. 
A second distinction is that on the distal surface of most 
Mesozoic forms there is a ring of quadrate or keystone
shaped granules separating the outer zone of petaloid 
elements from the central area (Fig. 8, 9). This corona 
is very characteristic of Mesozoic species, but is not pres
ent in the Coccolithophoraceae. 

Ellipsagelosphaeroideae Noel 1965 ; (Figs. 8-11) 

The Jurassic forms have recently been monographed by 
Noel (1965). In the most abundant genus, Ellipsagelo
sphaera, the petaloid elements are strongly imbricated, 
although not in exactly the same way as in C. pelagicus, 
and their optical orientation is different , as can readily 
be seen in smear-slides viewed in polarized light. Circular 
coccoliths with a similar ultrastructure and similar optical 
properties are placed in a separate genus, Cyclagelo
sphaera, but are retained within the same sub-family as 
the elliptical forms. Complete coccospheres are not un
common; the component coccoliths are interlocked, and 
the spheres are so robust that it seems likely that the 
shell-membrane was calcified. In these respects they much 
resemble the spheres of living species of Coccolithus, and 
like them are probably cysts. 

Actinosphaeroideae Noel 1965;(Figs. 12-14) 

The two genera Ellipsagelosphaera and Cyclagelosphaera 
are placed in a subfamily, the Ellipsagelosphaeroideae 
Noel, in which the two shields are united by a short tubu
lar column. In a second subfamily, the Actinosphaeroideae, 
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the two shields are united at the inner border of the distal 
shield, without the development of a special tubular struc
ture. The distal shield of Actinosphaera deflandrei Noel, 
as commonly preserved, is without a corona. In the other 
genus, Calolithus Noel, there is a zone in which the pro
ximal rays are contracted so as to form a ring of slots or 
pits, concentric with the large central opening. The distal 
shield of the only species named by Noel, C martelae, is 
described as having no corona, but this may possibly be 
only a question of preservation, since other species which 
probably belong to this genus have a well-developed but 
rather loosely attached corona. The same is probably true 
of certain unnamed species of Actinosphaera in the Upper 
Cretaceous. 

The Ellipsagelosphaeroideae and Actinosphaeroideae 
are characteristic of Jurassic and Lower Cretaceous rocks, 
and often occur in such overwhelming abundance that 
coccoliths of other kinds are reduced to obscurity. A few 
species of Actinosphaera persist into the Upper Cretac
eous, but neither sub-family is at present known to survive 
into the Tertiary . 

Deflandriaceae fam. nov. (Figs. 26-8) 

Diagnosis: Coccoliths with an open ring of sixteen primary 
granules spanned by a cross from the centre of which 
arises a stalk constructed of two bundles of elongated 
crystals placed end-to-end. Typical genus Deflandrius 
Bramlette and Martini 1964, p. 300. 

The genus Deflandrius was proposed by Bramlette and 
Martini for coccoliths of a type which had long been 
known in the European white chalks , where they are im
portant rock-builders. They were recognized by Sorby 
(1861) as parts of an organic skeleton, and he published 
drawings showing the essential features of the genus, but 
unfortunately did not name it. Deflandrius first appears in 
the Albian, where it is usually not very common; from 
the Cenomanian to the Maestrichtian it is extraordinarily 
abundant, and turns up in most core-samples that pene
trate Upper Cretaceous sediments. It became extinct quite 
suddenly at the end of the Maestrichtian. 

Throughout the short span of its existence, Deflan
drius preserved a remarkable uniformity of structure, 
which is quite distinct from that of any of its contem
poraries. The family Deflandriaceae contains but the 
single genus with about half-a-dozen species; it has no 
recognizable ancestors, and has apparently left no descen
dants. The architectural pattern upon which its coccoliths 
are built is unusual amongst calcified Haptophyceae, but 
an extraordinarily similar pattern has recently been dis
covered in the uncalcified scales of Chrysochromulina 
pringsheimii, which was taken living in plankton-hauls 
from the English Channel off Plymouth (Parke and Man-

ton 1962). This species bears organic scales of several 
kinds; the largest consist of an elliptical base from the 
margin of which arise four flying buttresses which unite 
to support a slender spine. If the margin of the basal scale 
were calcified by growing a ring of sixteen calcite crystals, 
and the spine with its supporting buttresses were also 
mineralized, the result would be a coccolith very much 
like a generalized Deflandrius. 

The unmineralized scales of Chrysochromulina are 
much too delicate to be preserved as fossils, and if a genus 
with scales of this kind had existed in Mesozoic times, it 
is unlikely that it could have left any recognizable traces. 
As a hypothesis to explain the cryptogenic appearance 
of the Deflandriaceae , it is suggested that the ancestors 
of this family may have borne uncalcified scales built on 
the same general pattern, and that the stock to which 
they belonged may have persisted after the calcified mem
bers had become extinct at the end of the Cretaceous 
period. 

Zygolithaceae Noel1965; (Figs. 29-35) 

A very large number of fossil coccoliths are built after a 
pattern that incorporates one fundamental component 
which for convenience may be called a loxolith-ring (Fig. 
29). This consists of a short tube, elliptical in cross-section, 
with a wall composed of numerous steeply inclined staves. 
It is seen without any modifications or additions in Loxo
lithus. In Zygodiscus there. is a bridge on the proximal 
side, usually following the shorter diameter of the ellipse, 
and thus dividing the central opening into two D-shaped 
pores (Fig. 30). 

In other genera the space within the ring may be span
ned by cross-bars, or closed by a floor which may be 
solid or perforated in various patterns (Figs. 32-4); in some 
genera there is a spine either rising from the floor or sup
ported by a bridge (Fig. 35). Several of these features 
may be combined in different ways to give a very wide 
structural diversity. Nevertheless, the unifying presence of 
a loxolith-ring in all these coccoliths suggests a reasonably 
close relationship, and for our present purpose, there is 
much in favour of including them all in a single family . 
A separate family, the Discolithaceae, has been proposed 
by Noel for genera in which the loxolith-ring is closed by 
a floor. This distinction is theoretically sound, but in prac
tice it is difficult to maintain. For example, forms with 
partially developed floors are known , and bridged species 
such as 'Discolithus theta' are indistinguishable from 
Zygodiscus when the delicate floor has been destroyed, 
as usually has happened under normal conditions of pre
servation. For this reason it is expedient to include both 
these architectural types within the single genus Zygodis
cus. 
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The Zygolithaceae, interpreted in this broad sense, are 
present in Jurassic rocks; they are extremely common in 
the Cretaceous, and continue into the Lower Tertiary. 
Records from the Upper Tertiary are very few, and need 
confirmation; some of them are known to be based upon 
specimens of Mesozoic species that have been reworked 
into Tertiary sediments. Some species of Zygosphaera and 
related genera living in modern oceans have bridged cocco
liths which have been called zygoliths, and under the 
light-microscope superficially resemble coccoliths of 
Zygodiscus. This resemblance, however, is deceptive, for 
the fine-structure is entirely different, and it is most un
likely that the Zygosphaeraceae have any close relation
ship with the Zygolithaceae. 

Podorhabdaceae Noel 1965; (Figs. 36-41) 

This characteristically Mesozoic family makes its first 
appearance in the Oxfordian; it is abundantly represented 
in the Lower Cretaceous, and if we include Cretarhabdus, 
it continues in strength to the top of the Maestrichtian. 
The unifying feature of the family is the possession of an 
elliptical shield with a narrow rim consisting of two layers 
of nearly quadrate, non-imbricate crystals surrounding a 
very large central area. Many species have a tall spine or 
stalk arising from the centre of the shield, giving them a 
rhabdolith-like appearance. 

In Podorhabdus, Hexapodorhabdus and Octopodor
habdus the area within the rim is occupied by a finely 
granular vaulted carapace which is pierced by a number 
of large windows, and is surmounted by a hollow spine. 
These three genera are very much alike , and for conveni
ence may be referred to as typical Podorhabdaceae. Other 
genera which have been assigned to this family with 
varying degrees of confidence show a much greater range 
of structure. In Ethmorhabdus the granular carapace is 
pierced by numerous small perforations, but has no large 
windows. The central structure of Polypodorhabdus de
parts still further from the type. There is no granular 
carapace, and the spine is supported by four heavy but
tresses made of calcite fibres . Very similar buttresses are 
conspicuous in many species of Cretarhabdus. As Noel 
{1965, p. 115) has pointed out, this genus has strong 
affinities with the Podorhabdaceae. 

Reinhardt {1967, p. 164) has proposed that the Podor
habdaceae be treated as a subfamily of the AJunuellerel
laceae, distinguished from the rest of the family by having 
a double as opposed to a single 'Randscheibe'. The dis
tinction, however,'is more fundamental than this, for the 
'Randscheiben' are of entirely different kinds in the two 
families. In Ahmuellerella the marginal wall is apparently 
in the form of a loxolith-ring, in no way resembling the 
radially constructed rim of the Podorhabdaceae; it is un-

likely that the two structures are homologous. The affin
ities of Ahmuellerella are at present rather obscure, but 
they are clearly not with the Podorhabdaceae. 

DIAGNOSES 

To conform with the Rules of the International Code of 
Botanical Nomenclature, details are given below of those 
taxa for which formal diagnoses could not conveniently 
be inserted in the text. 

Actinosphaera sera sp. nov. {Fig. 14) 

Diagnosis: A species of Actinosphaera with small cocco
liths usually between 4 and 5J1 in greatest length, and with 
22 to 24 radial elements in each shield. 

Holotype: No. 10512 from the Santonian Chalk of 
Shudy Camps, Cambridgeshire. 

Dimensions of Holotype: Distal shield 4.7 x 3.7J1; 24 
rays. 

Remarks: In Britain this species is found in the Upper 
Chalk, ranging from the Santonian of Cambridgeshire to 
the Lower Maestrichtian of the Norfolk coast. It is also 
known from the Upper Maestrichtian of Stevns K.lint, 
Denmark. 

Calolithus speetonensis sp. nov. {Fig. 12) 

Diagnosis: A species of Calolithus with relatively large 
radial slits, and a central opening not more than one fifth 
of the breadth of the distal shield. 

Holotype: No. 12034 from the Speeton Clay , Division 
A3 {Albian), of Speeton, Yorkshire. 

Dimensions of Holotype: Distal shield 5.3 x 4.2J1; pro
ximal shield 4.5 x 3.3J1; central opening 1.8 x 0.9J1; 31 
rays in each shield. 

Remarks: This species is constructed on exactly the 
same plan as the Jurassic C. martelae Noel {Fig. 13), but 
with different proportions. The coccolith of C. speeton
ensis is larger, but the central opening is proportionally 
smaller, and the inter-radial slits are larger than in C. mar
telae. There are commonly 30 or more rays in each shield 
of C. speetonensis, and 30 or fewer in C. martelae. 

Helicosphaera burkei sp. nov. (Fig. 23) 

Diagnosis: A species of Helicosphaera with large cocco
liths whose radial elements are roughly and irregularly 
shaped, and whose central shield has an uneven outline 
with no special ornamentation at the outer margin. 

Holotype: No. 16171 from the Cobre Member of the 
Upper white Limestone, Jamaica (Miocene, N.11). 

Dimensions ofHolotype: Outer flange 10.0 x 6.5J1; 
central shield 6.3 x 3.9Jl. 

Remarks : This species resembles H. carteri in shape, 
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but is of larger size,and differs in its more rugged and un
tidy construction, and further in the complete lack of any 
specialized structure at the margin of the central shield. 

Helicosphaera orientalis sp. nov. (Fig. 22) 

Diagnosis : A species of Helicosphaera with small cocco
liths having a narrow marginal flange and a peculiar, almost 
rectangular, outline. 

Holotype: No. 15353 from the Miocene (N.l7) of Beba· 
lain, Indonesia. 

Dimensions of Holotype: Outer flange 4.2 x 2.9p; cen
trill shield 2.9 x 1.8p. 

Remarks: The marginal flange increases very gradually 
in width, and does not terminate in an expanded wing. The 
direction of coiling is right-handed, as in other species of 
the genus; the illustration, Fig. 22, shows the coccolith 
in mirror-image. 

Polypodorhabdus madingleyensis Black (Fig. 37) 

Diagnosis: A species of Polypodorhabdus with a solid 
spine and four strong fibrous buttresses following the 
axes of the ellipse, 24 to 30 rays in the distal shield, and 
14 to 20 grid bars, always fewer in number than the rays 
of the distal shield. 

Holotype: No. 17413 from the Upper Oxford Clay 
(Lower Oxfordian), Cambridge Experimental Borehole, 
220ft 3 in. to 221 ft 3 in . Black 1968, p. 806, pi. 150, 
fig. 2. 

Dimensions of Holotype: Distal shield 6.8 x 5.0p , 30 
rays; central area 4 .2 x 3.0p , 20 grid bars. 

Remarks: This species is conspicuous in samples from 
the Upper Oxford Clay and the Kimeridge Clay; a very 
similar, and possibly identical species is also present in 
the Speeton Clay. P. madingleyensis differs from P. escaigi 
of the Oxford Clay in having a solid spine, and in the 
much stronger development of the striated buttresses. 

Genus Pontolithina Black 

Diagnosis : Elliptical coccoliths with a two-layered 
floor from which a thin one-layered wall of steeply im
bricate laths arises on the distal side; proximal surface of 
the floor with a pattern of segments arranged pinnately 
about the long axis, distal surface with a concentric or 
spiral pattern of very narrow fibres. 

Type species: Pontolithina moorevillensis Black from 
the Santonian of Alabama. 

Remarks: In the structure of its wall, this genus closely 
resembles the Cretaceous Zygolithaceae . The floor, on 
the other hand, has a structural pattern unknown in other 
genera of the Zygolithaceae, and is much more like the 
floor of some Tertiary species of Pontosphaera, such as 
P. scutellum Kamptner; a similar floor-pattern is also 

characteristic of many species of Helicosphaera. 

Pontolithina moorevillensis Black 

Diagnosis: A species of Pontolithina with two small 
perforations in the floor, and 80-90 imbricate elements 
in the wall. 

Holotype: No. 22362 from the Mooreville Chalk (San
tonian) near Eutaw, Alabama. Black 19'68, p. 806, pi. 149, 
fig. 4. 

Dimensions of Holotype: 11 .0 x 8.4p; floor 8.0 x 5.8p; 
pores 0.5p; 85 imbricate elements in the wall. 
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Plate 45.1. 
Calciosoleniaceae (1, 2), Coccolithophoraceae (3-7) 
Ellipsagelosphaeraceae (8-12) 

1. Calciosolenia. Recent Ooze, Challenger Sta. 338, South 
Atlantic (671.52). No. 13135, x 8,000. 

2. Scapholithus. Cenomanian: Chloritic Mar!. Folkestone, 
England. No. 20678, x 13,000. 

3. Coccolithus pelagicus (Wallich) Schiller, oblique distal view. 
Recent Ooze, Discovery Sta. 4269, Biscay Abyssal Plain. 
No. 21084, x 4,000. 

4. Coccolithus pelagicus, lateral view of edge of distal shield. 
Discovery Sta. 4269. No. 21074, x 5,300. 

5. Coccolithus sp., oblique distal view. Upper Oligocene: white 
calcareous ooze, DWBG 10, 11-27 cm. Pacific Ocean (523.83). 
No. 22292, x 8,000. 

6. Coccolithus sp. cf. C. sarsiae Black, distal view, Oligocene. 
Odder, Denmark. No. 11157, x 6,000. 

7. Cyclococcolithus leptoporus (Murray and Blackman) Kampt-

2 

5 

8 

11 

3 

6 

9 

12 

ner, distal view. Recent Ooze~ Discovery Sta. 4288, Biscay 
Mts. No. 18070, x 8,000. 

8. Ellipsagelosphaera frequens Noel, distal view. Oxfordian: 
Upper Oxford Clay. Cambridge Experimental Borehole, 
Cambridge, England. No. 17383, x 8,000. 

9. Ellipsagelosphaera frequens Noel, surface of coccosphere. 
Kimeridgian: Upper Kimeridge Clay. Ringstead Bay, Dorset, 
England. No. 20472, x 5,400. 

10. Ellipsagelosphaera lucasi Noel, proximal view, Kimeridgian : 
Lower Kimeridge Clay Osmington Mills, Dorset, England. 
No. 15178, x 6,000. 

11. Cyclagelosphaera margereli Noel, distal view. Kimeridgian: 
Lower Kimeridge Clay. Osmington Mills, Dorset, England. 
No. 15163, x 10,000. 

12. Calolithus speetonensis sp. nov., proximal view. Albian : 
Speeton Clay, base of A 3, Speeton, Yorks, England. No. 
12034, X 9,000. 
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·Plate 45.2. 
Ellipsage1osphaeraceae (13-14), Gephyrocapsaceae (15-18), 
Rhabdosphaeraceae (19, 20), Helicosphaeraceae (21) 
13. Calolithus martelae Noel, proximal view. Oxfordian: Ampt- 18. 

hill Clay, Near Willingham, Cambs, England. No. 16282, x 
10,000. 

14. Actinosphaera sera sp. nov., proximal view. Santonian: Upper 19. 
Chalk, Shudy Camps, Cambs, England. No. 10512, x 10,000. 

15. Gephyrocapsa oceanica Kamptner, distal view. Recent Ooze, 
Challenger Sta. 338, South Atlantic (671.52). No. 13121, x 20. 
10,000. 

16. Ellipsoplacolithus doronicoides (Black) n. comb., proximal 
view. Lower Pliocene: LSDH 78 P, 250-70 cm, Pacific Ocean 21. 
(553.84). No. 22215, x (),000. 

17. Ellipsoplacolithus exsectus (Kamp1ner) n. comb., proximal 
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view. Pliocene: DWBP 119, 750-2 cm, Pacific Ocean (662.37). 
No. 16607, x 10,000. 
Ellipsoplacolithus sp. cf. E. marismontium (Black) n. comb. 
Upper Oligocene: DWBG 10, 11-27 cm, Pacific Ocean 
(523.83). No. 22284, x 3,600. 
Rhabdosphaera claviger Murray and Blackman, lateral view. 
Recent Ooze, Challenger Sta. 338, South Atlantic (671.52). 
No. 11272. x 6,000. 
Rhabdosphaera claviger, proximal view of basal disk, Recent 
Ooze, Challenger Sta. 338, South Atlantic (671.52). No. 
11391, X 16,000. 
Helicosphaera sp. cf. H. carteri (Wallich) Kamptner, proximal 
view. Upper Pliocene. Cisano, nr. Albenga, N. Italy. No. 
16859, X 5,300. 
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Plate 45.3. 
Helicosphaeraceae (22, 23), Braarudosphaeraceae (24, 25), De- 28. 
flandriaceae (26-28) Zygolithaceae (29-33) 
22. Helicosphaera orientalis sp. nov., proximal view. Upper Mio-

cene. Bebalain, Rotti, Indonesia. No. 15353, x 10,000. 29. 
23. Helicosphaera burkei sp. nov., proximal view. Middle Mio

cene: Upper White Limestone. Jamaica. No. 16171, x 5,400. 
24. Braarudosphaera bigelowi (Gran and Braarud) Deflandre, 30. 

distal view, with the outline of the proximal surface showing 
through the replica. Upper Eocene: Upper Bracklesham 
Beds. Bracklesham Bay, Sussex, England. No. 19865, x 5,400. 31. 

25. Pemma papillatum Martini, Upper Eocene: Upper Bracklesham 
Beds. Bracklesham Bay, Sussex, England. No. 19920, x 6,000. 

26. Dejlandrius cretaceus (Arkhangelski) Bram. and Martini, 32. 
lateral view. Turonian: Belemnite Mar!. Cherry Hinton, 
Cambridge, England. No. 17159, x 6,000. 

27. Dejlandrius cretaceus, distal view of basal shield. Maestrich-
tian: Prairie Bluff Formation. Wilcox County, Alabama. 33. 
No. 22118, x 8,000. 
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Deflandrius spinosus Bram. and Martini, distal view of basal 
shield. Maestrichtian: Prairie Bluff Formation. Wilcox County, 
Alabama. No. 22124, x 6,000. 
Loxolith- ring, distal view, isolated from other structural 
e-lements. Cenomanian: Cambridge Greensand, Hauxton, 
Cambs, England. No. 22422, x 6,000. 
Zygodiscus ponticulus (Deflandre) Reinhardt, showing loxo
lith- ring in proximal view. Turonian: Belemnite Mar!. Cherry 
Hinton, Cambridge, England. No. 17150, x 8,000. 
Zygodiscus theta (Black) n. comb., proximal view, normal 
state of preservation with floor missing. Cenomanian: 
Burwell Rock. Burwell, Cambs, England. No. 18827, x 5,400. 
Zygodiscus theta, distal view, with remains of the delicately 
perforated floor preserved. Cenomanian: Cambridge Green
sand. Cherry Hinton Fields, near Cambridge, England. No. 
21761, X 6,000. 
Staurolithites sp. indet., distal view. Cenomanian V22-8, 
Western Atlantic (429.55). No. 21925, x 8,000. 
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Plate 45.4. 
Zygolithaceae (34-35), Podorhabdaceae (36-41), Ahmuellerellaceae 38. 
(42) 
34. Pontilithus flabellosus (Stradner) Black, oblique proximal 

view. Cenomanian: Cambridge Greensand. Barrington, Cambs. 39. 
No. 14680, x 8,000. 

35. Rhagodiscus sp. cf. R. asper (Stradner) Reinhardt, lateral 
view. Cenomanian: V22-8, Western Atlantic (429.55). No. 40. 
22629, X 6,000. 

36. Podorhabdus sp. indet., distal view, showing broken remnant 
of hollow spine. Oxfordian: Upper Oxford Clay. Cambridge 41. 
Experimental Borehole, Cambridge, England. No. 22782, x 
4,000. 

37. Polypodorhabdus madingleyensis Black, distal view. Oxfor- 42. 
dian: Upper Oxford Clay. Cambridge Experimental Bore-
hole, Cambridge, England. No. 22800, x 8,000. 
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Ethmorhabdus gallicus Noel, distal view. Oxfordian: Upper 
Oxford Clay. Cambridge Experimental Borehole, Cambridge, 
England. No. 22805, x 6,000. 
Cretarhabdus sp. indet., oblique distal view. Cenomanian: 
Cambridge Greensand, Cherry Hinton Fields, near Cambridge, 
England. No. 21766, x 5,300. 
Sollasites horticus (Stradner) Black, distal view. Cenomanian: 
Cambridge Greensand, Hauxton, Cambs, England. No. 22445, 
X 8,000. 
Cribrosphaera ehrenbergii Arkh., distal view, Campanian: 
Upper Demopolis Formation. Near Dayton, Alabama. No. 
22585, X 9,000. 
Ahmuellerella sp. cf. A. octoradiata (Gorka) Reinhardt, 
distal view. Campanian: Upper Demopolis Formation. Near 
Dayton, Alabama. No. 22534, x 5,300. 


