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SPECULATIONS ON RELATIONS, EVOLUTION, AND STRATIGRAPHIC DISTRIBUTION 

OF DISCOASTERS 

The often used genus name Discoaster TAN, 1927, appears to be not validly published 
and must be replaced by Eudiscoaster TAN, 1927 . For the same reason the well known Family 
name Discoasteraceae TAN, 1927, is changed in Eudiscoasteraceae new Family. It is the 
author's opinion, that the discoaster evolution fo llowed two different lines, one starting with 
H eliolithus and containing Discoasteroides and Heliodiscoaster, and the other line beginning with 
Fasciculithus and comprising the other discoasters . 

The ancestor of Biantholithus , Fasciculithus, H eliolithus, and Sphenolithus can be found 
in the Cretaceous Ep1·olithus, from which a lso L ithastrinus, Rucinolithus, and the new genus 
Buhryaster developed. M icula and Tetralithus may be related to EproZ.ithus or Lithastrinus . 

Nearly all fossil and recent h olococcolithinids are derived from Dahtylethra. Exceptions 
are Crystallolithus and Zygrhablithus. Dahtylethra probably developed from Sphenolithus. 

The following taxa are introduced as new: the Families Ca lyptrosphaeraceae and Eudisco
asteraceae; the Subfamilies Eud iscoasteroideae, H eliodiscoasteroideae, and Lithas trinoideae; 
the genera Bu!?J•yaster, Clavodiscoaster, Radiodiscoaster, Truncodiscoaster, and Tw·bodiscoaster; 
the subgenera Curvidiscoaster and Gemmiodiscoaster. 

INTRODUCTION 

It is the aim of this article to give a bird's eye view of our knowledge about discoasters and their 
relatives, and to add to it new facts, specula tions, and one proposal. 

A publication of this length is much too short to contain extensive discussions, or all informa
tion ava ilable in the literature, even in a condensed form. Therefore, many subjects wi ll be only 
lightly touched without an exhaustive treatment or full quotations of literature sources. 

Many of the speculations on relationships between species and species groups are principally 
meant as a guide for thinking. I can hardly believe, that all my thoughts laid down in this contri
bution will appear to be true. I hope, however , that they will focus attention on gaps or uncertain
ties in ou r knowledge and that they will stimulate discussions about this matter. 

THE NAME DISCOASTER 

The name << Disco-aster >> is first used by TAN SIN HoK in 1926, evidently as a morphological 
term (Ref. 14, p. 1097) . It represents the latin translation of the german << Scheibensternchen >>, 

with which EHRENBERG already in 1854 meant, i.a. discoasters. EHHENBERG classified his << Schei
bensternchen >> in his genus Actiniscus. The type species of this genus, however, is a dinoflagellate 
with a si li ceous skeleton (Ref. 12, p . 95), and thus TAN was correct to erect a new genus for thecal
careous discoasters. 

However, the vvay in which he did this, caused many taxonomic difficulties. In his publication 
of 1927 (Ref. 15), TAN often uses the name Discoaster as if it is a real genus name. Unfortunately, 
nowhere in his publication this is clearly indicated. Basing the Family name Discoasteridae on it, 
and using the name Discoaster connected to species names, may point to his intention to introduce 
it as a true genus name, but it does not make the name valid ly published according to the ICZN or 
ICBN. The names in the publication of 1927, which represent beyond any doubt valid genus 
names, are Heliodiscoaster, Eudiscoaster, and Hernidiscoaster, all three with a clear indication of rank, 
with a description, and containing species. In my opinion the genus name Discoaster is validly 
published for the first time by DEFLAND RE in 1934 (Ref. 4) . Since its type species, D . pentaradiatus 
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(see Ref. 12), is one of the new species of TAN placed by him in Eudiscoaster TAN, 1927, the genus 
name Discoaster becomes a junior synonym of the latter . 

As a result also the often used Family nam e Discoasteraceae has to be substituted. For this 
purpose I selected the genus Eudiscoaster as the t ype genus of the new Family Eudiscoasteraceae. 
Other taxonomic implications will be trea ted in the chapter systematics . 

THE ORIGIN OF THE DISCOASTERS 

Already in 1961, BRAMLETTE & SULLIVAN (Ref. 1, p. 163) called attention to the great resem
blance of Discoasteroides megastypus, occurring in the Late Paleocene, with Heliolithus riedelii. They 
considered the difference in behaviour between crossed nicols of the flaring top part, the disc, as 
diagnostic. In Discoasteroides the disc shows practically no birefrin gence, while on the contrary in 
Hel£olithus its birefringence is strong. Indeed, both genera do share many other features. This 
can only be explained by a close relationship. The typical members of Discoasteroides megastypus 
have a broad flaring disc (pi. 8 fig. 6) and a rather small proximal column with a strong birefringence. 
Atypical forms, placed by me tentatively in the same species (pi. 8 figs. 3, 5) even show a greater 
resemblance with Heliolithus. 

One of the most conspicuous features of Discoasteroides megastypus an d of most of its descen
dants is the umbrella-shape in side view (pi. 3 figs. 1-7). In the genus Discoasteroides one exception 
is found in the species Discoasteroides multiradiatus (BRAMLETTE & RIEDEL, 1954) n . comb. In this 
species the stalk of the umbrella, the proximal column, is reduced to such an extent that no more 
than a knob-like protrusion is left in the centre of the proximal side. Sometimes this knob is strongly 
flattened, and therefore hardly visible with transmitted light . However, electron microscopy reveals, 
that the centre of such specimens is often still composed of two concentric structures, probably 
representing the inner core and the outer lining of the proximal column. Although the systematical 
position of this species can be questioned, it certainly developed from D. megastypus. This opinion 
has been put forward already by BRAMLETTE & SuLLIVAN in 1961, and it is strongly faYoured by the 
presence of specimens of D. multiradiatus that ha\·e a proximal column with the same strong bire
fringence as found in D. megastypus and D. !?ueppni (see Ref. 13 , p. 94, fig. 17) . 

Most of the Eocene forms, coming from Discoasteroides, lack the birefringence of the proximal 
column . However, the umbrella -shape in these younger forms is more pronounced because of the 
often slender proximal column (see pl. 3). These forms are united in the genus Heliodiscoaster 
TAN, 1927. 

A second discoaster branch has, as first representa tive , the species << Discoaster >> gemmeus, that 
supervisually resembles certain species of Heliodiscoaster. It has about the same appearance in plan 
view and, moreover, it also lacks the birefringence in the centre . However, in side view an um
brella-shape never occurs, due to the absence of the proximal column . For this reason D . gemmeus 
and its near relatives cannot be placed in the genus Heliodiscoaster. Since the genus name Discoaster, 
so far used for these forms, is a synonym of a genus, that is restricted to the Neogene, a new genus 
name, Radiodiscoaster, is introduced in this publication . Radiodiscoaster gemmeus (STRADNER 1959) 
n . comb., being the oldest species of the genus, is characterized by straight sutures at the distal side 
and - if visible- sinistrally curved sutures at the proximal side of the disc. Each ray seems to consist 
of one crystal unit. Only in electron micrographs some smaller units are visible in the central part 
of the distal side (see Ref. 10, pi. 205 fig. 2). No ornamentation occurs at the tip of the rays. 

Its appearance in the upper part of the Mi ddle Paleocene makes a relationship with the younger 
Discoasteroides and Heliodiscoaster impossible (pi. 3). Also, in my opinion, H eliolithus cannot be 
ancestral, since all species belonging to this genus have a very complicated architecture, with a well 
developed proximal column, separated from a flaring disc . Next to the umbrella-shape, they have 
in plan view a strong birefringence from the centre to the margin. In Radiodiscoaster no birefrin
gence can be observed in plan view. Its architecture is very simple, and an umbrella-shape never 
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occurs. An evolution of Radiodiscoaster gemmeus from a flattened Fasciculithus tyrnpaniformis seems 
more likely. The rays of R. gemmeus are comparable in this case with flattened elements of the proxi
mal column in Fasciculithus. The small crystal units in the centre of the distal side in R. gemmeus 
may represent relicts of the dome-shaped toppart, the lateral elements, in Fasciculithus. A second, 
less probable, possibility is, that Radiodiscoaster developed from the flat Biantholithus sparsus BRAM
LETTE & MARTINI, 1964 (pi. 7 fig. 2). If the latter possibility would appear to be correct, we can 
expect discoasters far below the level from which they are reported to date. As long as no disco
asters or species of Biantholithus are known from the lower and middle part of the Middle Paleocene, 
I prefer to accept a descendance of Radiodiscoaster from Fasciculithus. 

EVOLUTION OF THE DISCOASTERS 

The evolution of the discoaster branch arising from Heliolithus (pi. 3 figs. 1-9) has been briefly 
discussed in the preceding chapter. This branch consists of two genera, Discoasteroides and Helio
discoaster. Two main developments exist in this branch: a disappearance of the birefringence of 
the proximal column from Discoasteroides to Heliodiscoaster, and a reduction in the number of rays 
from Heliodiscoaster barbadiensis to H. saipanensis. The first representatives of this group, known 
so far, appear in the lower part of the Late Paleocene . The group becomes extinct at the Eocene
Oligocene boundary. 

The other discoaster branch is far more successful. It begins with multiradiate forms, which 
have undeep interray areas, and lack ornamentation at the pointed ray tip (pi. 3 figs. 10-14). The 
distal side is more or less convex, and it generally has a shallow pit in the centre where the rays meet . 
The proximal side can also be convex in heavy built specimens, but generally a large depression in 
the centre makes it flat or more or less concave. A central knob has not yet been formed at this side 
of the multiradiatus species. They are placed in the new subgenus Radiodiscoaster. 

In the beginning of the Late Paleocene the number of rays decreases together with a deepening 
of the interray areas (pl. 3 figs. 15 -19). The rays are sometimes little, but generally strongly curved. 
The pointed ray tips have no distinct ornamentation. A well developed central knob occurs at the 
proximal side of the disc and sometimes also at the distal side. These forms are united in the new 
subgenus Curvidiscoaster, which, together with the unornamented multiradiate species, form the 
genus Radiodiscoaster. 

Whenever observable, the distal sutures are straight or slightly bent in this genus, and have a 
dextral orientation. In species lacking a pronounced central knob at the proximal side of the disc, 
the sutures are at first straight or slightly bent, and orientated in a sinistral direction. Then, quite 
suddenly, they bend back to the centre, getting in this way a swasticalike curvature (see pi. 2 fig. 2; 
pi. 3 figs. 12, 16; pl. 7 fig. 7). In the species of the subgenus Radiodiscoaster the proximal central 
depression begins at the place, where the proximal suture curves. Sometimes this place is marked 
by a little node. Reduction of the central depression and growth, and finally, fusion of the little 
nodes cause the formation of the distinct proximal central knob in the subgenus Curvidiscoaster. 
Although the sutures on the central knob are less clear than on the rest of the central area, they still 
show the swastica curvature (see Ref. 10, pl. 205 fig. 9). 

The same swastica curvature occurs on the proximal side of the genus Agalrnatoaster KLUMPP, 
1953, which evolves from Radiodiscoaster nobilis in the Late Paleocene (pi. 4 figs. 24-30). The 
sutures at the distal side of the central area are straight. They often run directly from the interray 
areas to the centre of the discoaster and are not dextrally oriented as is often the case in Radiodisco
aster. Generally the interray areas are rather deep. All ray tips are clearly ornamented. 

In the oldest species of the genus Agalmatoaster and its near relatives the sides of the free part 
of each ray are more or less parallel or taper somewhat (pl. 4 figs. 24-28) . The rays themselves are 
provided with a small node at each side, about halfway their free part. The tip of the ray is rounded, 
truncated, or has a shallow incision. These species form the new subgenus Gemrniodiscoaster. In 
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this subgenus the number of rays gradually decreases from about ten in the oldest species G . rnediosus 
(pl. 4 fi g. 27) to six in the youngest species (p i. 4 fi gs . 24, 25 , 28). 

F rom the same subgenus a fairly high number of species developed with their ornamentation 
confined to the tip of the ray (pl. 4 fi gs . 29-38), which for this reason resembles a knobby club . Ge
nerally each ray tip has a deep incision. They all belong to th e subgenus Agalmatoaster . In this 
subgenus we see the same decrease in the num ber of rays as in Gernrniodiscoaster. Here the number 
of rays goes even back to four in A. cruciforrnis (pi. 4 fig. 38) . H owever, on th e other hand so me 
species tend to increase their number of rays aga in from six to about nine, so that in the lower part 
of the Middle Eocene (Radiodiscoaster lodoensis Discoas ter Zo ne) a high number of beautifully orna
mented multiradiate species occur (pi. 4 fi gs . 29-32, 34, 35). However, in the Late Eocene only 
six-rayed species are left . 

In so me of the youngest species of Agalrnatoaster the svvast ica -like cur ved proximal sutures 
become less clea r. In the Oligocene this gives ri se to the fir st species with a central knob on both 
sides of the central area, in which no longer the cur ved prox imal sutures occur . In stea d of the 
radially or dextrally orientated distal sutu res, and sinistrally curved proximal sutures of Agalrnato
aster we find now - if visible - a star-shaped central knob on each side of th e disc. H owever, the 
two central knobs have not the sa me orientation . On the distal side the points of the centra l knob 
are directed to the interray areas, comparable to the radially arranged distal sutures in Agalmatoaster. 
On the prox imal side, on the contrary, the points of th e cen tral knob are in lin e with the rays them
selves (pl. 2 figs. 5, 6) . T his orientation is similar to that of the central part of the proximal suture 
in Agalmatoaster (compare pi. 2 fig. 3 right with pi. 2 figs. 5 and 6 left) . T he two central knobs 
are more or less di stinct in most post-Eocene discoaster species . If central knobs are p resent, no 
sutures can be observed . If central knobs are lacking, we fi nd a smooth central area without sutures, 
or sutures that run on both sides of the central area without curva tu re from the interray area to the 
centre. 

In Oligocene and Early M iocene strata, species hav ing rays with para llel sides and generally a 
heavy ornamentation at their tips dominate (pl. 5 figs . 13-47) . T hey are th e characteri stic repre
sentatives of the new genus Clavodiscoaster. Tentatively, some discoaster species, that have a some
what different appearance, are also placed in this genus. On e group originates in the M iddle Oli
gocene, and continues into the M iddle M iocene (pi. 5 fi gs. 40, 41 ). In this group the sides of the 
rays are sometimes parallel, but generally they taper. T he heavy ornamentation of th e typical Clavo
discoaster is strongly reduced and no central knobs occur . Only two species belonging to this group 
have been published, but certainly more exist . Probab ly this group developed from Clavodiscoaster 
deflandrei (BRAMLETTE & RIEDEL, 1954) n . comb. (pi. 5 fig. 43) via Clavodiscoaster subdeflandrei 
(F uRRAZOLA & ITURRALDE, 1967) n. comb. (not fi gured) . It is well poss ible, that << Discoaster >> ada 
manteus BRAMLETTE & W rLCOXON, 1967, derived from this group by a further shortening and thicken
ing of the rays (pi. 5 fi g . 39) . T his species is so di fferent from all other discoasters, that I found 
it justified to base the new genus Truncodiscoaster on it. 

G enerally the orn amentation at the tip of the rays in Clavodiscoaster li es in the plane of the disc . 
However, in some species, confin ed to a narrow interva l of the M iddle and Late M iocene, the orna
mentation is off- set , and it makes now a distinct angle with the plane of the disc (pi. 5 fi gs . 48-50). 
T his group is also tentatively placed in the gen us Clavodiscoaster . 

In the genus Clavodiscoaster the older species from the Oligocene and Early M iocene are much 
more robust than the species from the M iddl e M iocene and yo unger. T his tren d of becoming 
more and more slender , gives ri se to species with tapering rays , that end in a slender bifurcation 
(pl. 5 figs. 51-5 3) . The next step is the total reduction of the ornamentation, which results in pointed 
rays (pi. 5 fi gs. 54-57). T hese forms with tapering rays and reduced or lackin g ornamentation com
pri se the genus Eudiscoaster TAN, 1927. T hey dom inate in the Late M iocene and younger. 

For the last group to be tre<: ted we return to the Paleocene. At the end of the R adiodiscoaster 
gemmeus Discoaster Zone, R . gemmeus becom es more and more va riable. In one lin eage this va ria
bility lea ds to a reduction in the number of rays accompanied by a deepening of the interray areas, 
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leading to the development of the subgenus Curvidiscoaster with curved rays. Another is the origin 
of a new genus with straight rays. In t he first species of this genus, th e rays radiate from the cen
tre (pi. 4 fig. 23; Ref. 13, pi. 1). In later forms, the rays are gradually turned, so that they have a 
distinct eccentric orientation in the Eocene and Oligocene species (pi. 4 figs . 20-22). The new 
genus name Turbodiscoaster is based on this feature . 

STRATIGRAPHICAL DISTRIBU TIO N OF DISCOASTERS 

Their fairl y large size , their simple construction and easi ly observa ble features make discoasters 
very suitable for quick and reliable age determinations . They can be exa min ed with lower magni
fications than most other groups of nannoplankton. These advan tages allow discoasters to be studied 
by non-specialists more eas ily than other groups of nannoplankton. A zonation entirely based on 
discoasters is introduced with this in mind. 

The distribution of many diagnostic and und iagnostic species is given on plate 3 to 5. A num
ber of new species and species , that are not wel l understood by me, are lack ing . It is well poss ible, 
that the number of species li st ed on plate 5 will be doubled in the near future. 

No attention was paid to a correlation of the discoaste r zonation with the planktonic foramini
feral zonation or with the <<s tandard nannoplankton zo nation >> . Time-stratigraphic units are based 
on general usage in the literature and are by no means certain. 

EVOLUTION OF TAXA RELATED TO DISCOASTERS 

The history of the discoasters starts in the Early Cretaceous . The earliest known ancestral 
fo rm appears in the 1-Iau terivian. It consists of a hollow tube composed of many segments, and 
of a flat central core that closes the tube half vvay along its length (pi. 1 fig. 1 ). In plan view it shows 
a strong birefrin gence from the margin to the centre. 

In the Late Cretaceous the cen tral core moves upwards, and is reduced 111 size. The tube is 
broadened and fl attened . The genera Biantholithus BRAMLETTE & MARTINI, 1964, Lithastrinus 
STRADNER, 1962, and Rucinolithus STOVER, 1966, originate in this vvay. Members of a new genus, 
Bu!?ry aster, develop from Lithastrinus, by a reduction of the distal part of the star-shaped tube, only 
in the centre of which a protrusion is left with strongly curved rays (pi. 1 fig. 3). Two species can 
be placed in this genus, both described by BuKRY in 1969, and named by him Discoaster hay i and 
D . noelae. In my opinion, the genus M icula VEKSHINA, 1959, also finds its origin in L ithastrinus . 
Micula then gives ri se to Tetralithus pyramidus GARDET, 1955, the type species of Tetralithus. 

All the genera mentioned aboYe belong to the new Subfamily Lithastrinoideae. This Subfamily 
is characterized by a tubular marginal area consisting of one layer of radial segments, which genera lly 
enclose a flat central core. The central core never grows out to a distally protruding dome-, tower-, 
or plate-shaped structure. In plan view it shows a strong birefr ingence from the margin to th e 
centre. 

Most genera of this Subfamily are confin ed to the Cretaceous. Only the genus Biantholithus 
crosses the Cretaceous-T ertiary boundary, hav ing its first occurrence in the Maastrichtian and be
coming extinct in the Early Paleocene. New forms develop immediately after the extinct ion of 
Biantholithus. They belong to the genera Fasciculithus H AY & MoHLER, 1967, an d Sphenolithus 
DEFLA DRE, 1952, both members of the Subfamily Sphenolithoideae K AMPT!\ER, 1958. Fasciculithus 
is the oldest genus of the Subfamily. The tubular architecture of the main body very much resem
bles that of Eprolithus (pi. 1 fi gs. 1, 5). A stratigraphical gap separates these two genera, since 
Eprolithus becomes ex tinct before the end of the lVIaastri chtian and Fasciculithus does not appear 
earlier than the upper part of the Early Paleocene. This suggests that Fasciculithus is derived from 
Biantholithus, which bridges the time gap. 
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The distal part of th e tube in Fasciculithus ty mpaniformis encloses, or is topped by, a spmy 
dome-shaped structure, the lateral elements, probably derived from the central core of Eprolithus. 
Th is points to the fac t, that a remnant of it must also occur in Biantholithus. An indication of 
thi s is perhaps visible on plate 7 fig. 2. 

Apart from giving rise to Radiodiscoaster gemmeus an d its descendants (see chapter 3, and pl. 2), 
F. tympaniformis develops in two different directions by modifications in its lateral elements. In 
one di rection (p l. 2), the spiny top part is g reatly en larged causing a reduction of the proximal 
co lumn. Sphenolithus spec . 1 origina tes in this way (pl. 2 fig . 8; pl. 6 fi g . 7). In the other direction 
(pi. 1 ), the spiny top par t of F. ty mpaniformis develops into a plate covering the distal side of the tube, 
;vith a circular structure with a central cavity, the ap ical sp ine, on top (pl. 1 fig . 6; pl. 6 figs . 4, 5). 
Th is undescribed fo rm of Fasciculithus evolves into H eliolithus (pl. 1 fig . 7). In which way thi s 
transformation exactly took place, is not fully understood by me. It is well possible, that the flaring 
top part in Heliolithus represents the enlarged disc on top of the proximal column in Fasciculithus 
spec. 1. In thi s case the erect ring-like apical spine in F. spec. 1 is strongly reduced in H eliolithus. 
It might also be, that the disc is reduced and that the erect apical spine in F. spec. 1 bends more and 
more outwards in H eliolithus, unti l it becomes nearly hori zontal in the descendants of H eliolithus, 
the genera Discoasteroides and Heliodiscoaster (pl. 1 fig. 8, 10). Possibly the genus Hayella GART ER, 
1969, also evolved from H eliolithus, as mentioned by GARTNER (Ref. 7, p . 32). 

The Subfami lies Lithastrinoideae and Sphenolithoideae, of which the evolution has now been 
discussed, belong to the Fam ily Sphenolithaceae D EFLANDRE, 1952. T he members of this Family 
show a strong birefringence in plan view from the margin to the centre. In the Eudiscoasteraceae 
the prox imal co lumn shows a strong birefringence in plan vi ew in the genus Discoasteroides only. 
In all other genera hardly any birefringence occurs in p lan view. T he Family Eudiscoasteraceae 
consists of two Subfami lies: the H eliodiscoas teroideae showing an umbrella-shape in cross-section, 
an d the Eudiscoasteroideae, in which no umbrella-shape occurs. 

In these two Families the proximal co lumn and the distal body are composed of large, radially 
ar ranged crysta l u nits. In a third (new) Fam ily, the Calyptrosphaeraceae, the dome-shaped distal 
body always cons ists of small , uniform crys tals . In general the proximal column has the same con
stru ction . Only in one instance, in the earl iest species of the Family, the Late Paleocene Dahty lethra 
spec. 1 (pl. 2 fig. 9) , the proximal column consists of large, radially arranged crystal units, resembling 
th e proximal column of some Sphenolithus specimens of the same age. The sp iny appearance of the 
dome-shaped distal body in Dahty lethra spec. 1 rem inds also of certain Sphenolithus species. How
ever, its outline in plan view is oval and not circular. Moreover, in Sphenolithus in the centre of 
the proximal column only a na rrow channel occurs, around which its crystal units are arranged, 
whi le in Dahty lethra this channel is enlarged, forming a large cavity. Nearly all holococcolithinids , 
probably includ ing the recent species, are thought to or iginate from Dal?ty lethra spec. 1 (pl. 2 figs. 
9-1 6). Only two genera with small , uniform crystals do not belong to this Family: Crystallolithus 
GAARDER & lVIARKALI, 1956, and Zygrhablithus D EFLANDRE, 1959 . These th ree Families are united 
in the Suborder Sphenoli th ineae by the pre£ent author . However, the small and uniform size of 
the crystal units in the Ca lyptrosphaeraceae may be a reason to exclude this one. 

SYSTEMATICS 

Short characterizations are g1ven here of the new taxa introduced . Some remarks are added 
to ea rli er published taxa. 

Suborder SPHENOLITHINEAE 

This Suborder contain s all tubu lar, and disc-, dome-, star- , tower- , or umbrella-shaped nanno
foss ils that are descendants of the Ear ly Cretaceous represen tati ves of the genus Eprolithus STOVER, 
1966. 
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Family SPHENOLITHACEAE DEFLANDRE, 1952 

Fasciculithaceae HAY & lVIOHLER, 1967 

H eliolithaceae HAY & lVIOHLER, 1967 

Outline circular. The tubular or plate-like proximal column composed of radia lly arranged , 

large crystal units. It either surrounds a central core, or it is topped by a more or less spiny distal 
body or its derivates. In plan view it shows a strong birefringence from the margin to the centre. 

Two Subfamilies: Lithastrinoideae new Subfamily and Sphenolithoideae KAMPTNER, 1958. 

Subfamily LITHASTRINOIDEAE new Subfamily 

Type genus: Lithastrinus STRADNER, 1962. 

The tubula r or plate-like column generally surrounds a central core which does not protrude 

above the distal surface of the column . Sometimes the cen tral core seems to be lacking. The 
distal and proximal side of the column often fl are so that sometimes the column seems to consist 

of two separated parts . 

Genera placed in this Subfamily: Buhryaster new genus; Biantholithus BRAMLETTE & MARTINI, 

1964, Eprolithus STOVER, 1966, Lithastrinus STRADNER, 1962, Micula VEKSHINA, 1959, Rucinolithus 
STOVER, 1966, Tetmlithus GARDET, 1955 ; H exalithus GARDET, 1955, may also belong to this Sub

family . 

Genus Bukryaster new genus 

Type species: Discoaster hay i B uKRY, 1969 (PI. 1, fig. 3). 

Proximal part of the column with deep in cisions between th e elements , which curve in a sinistral 

direction, as is the case in the proximal pa rt of the column in Lithast7'inus. Distal part of the co

lumn strongly reduced, probably only consisting of dextrally ori entated ridges , which form a con

tinuation of a star-shaped central body. The latter can be a part of the reduced distal co lumn, but 

it may also represent the central co re. 

Species: Bukryaster hayi (Bu KRY, 1969) n . comb ., B . noelae (BuKRY, 1969) n. comb. 

Subfamily SPHENOLITHOIDEAE KAMPTNER, 1958 

The tubula r or plate-like proximal column topped by a spiny, dome- or tower-shaped body, 

or by a disc, or by an apical spine. 

Genera placed in this Subfamily : Fasc£culithus HAY & lVIOHLER, 1967, Hayella GARTNER, 1969, 

H eliolithus BRAMLETTE & SuLLIVAN, 1961 , Sphenolithus D EFLANDRE, 1952. 

Family EUDISCOASTERACEAE new Family 

Type genus: Eudiscoaster TAN, 1927. 

Outline circular or star-shaped. Discoaster in cross-section plate- or umbrella-shaped, composed 

of radially arranged large crystal units, sometim es enclosing a proximal column. In plan view no 

birefringence presen t, with the exception of a few species , where only the proximal co lumn shovvs 

a strong birefringence. 

Two Subfamilies: Eudiscoast eroidec:e new Subfamily, ar. d Heliodi scoasteroideae new Sub

family. 
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Subfamily EUDISCOASTEROIDEAE new Subfamily 

Type genus: Eud£scoaster TAN, 1927. 

Specimens in side view plate-like, or more or less conical, but not umbrella-shaped ; never a 
proximal column occurs; ray tips are often ornamented . 

Genus Agalmatoaster KLUMPP, 1953 

Type spec1es: A . septemrad£atus KLUMPP, 1953 . 

Ray tips ornamented; di stal sutures straight, proximal sutu res sinistrally curved. 

Subgenus Agalmatoaster KLUMPP, 1953 

Type spec1es: A. septemradiatus KLUMP P, 1953. 

Ornamentation of the rays confined to the tip of the rays ; often a rather deep mclslon at th e 
end of each ray. 

Subgenus Gemmiodiscoaster new subgenus 

Type spec1es: G. germanicus (MARTINI, 1958) n. com b. 

Ornamentation of the rays consists of a node halfway both sides of the fr ee part of the rays; 
no branching or club-like ornamentation at the tip of the ray; no deep incision at the end of each 
ray . 

Genus Clavodiscoaster new genus 

Type spec1es: C. aulalws (GARTNER, 1967) n . comb. 

Ray ornamentation confined to the ray tips; su tures - if visible - straight on both sides of the 
disc ; one star-shaped central knob in the centre of each side of the di sc ; points of th e distal central 
knob are directed to th e interra y areas, points of the proximal central knob in lin e with the rays; 
sides of the rays more or less parall el ; ornamentation at the en d of the rays rather heavy. 

Genus Eudiscoaster TAN, 1927 

T ype speCies : E. pentaradiatus TAN, 1927. 

Rays with only a slender orna mentation at the ray tips or without orn amentation, and more or 
less pointed; no sutures visible ; one star-shaped cen tra l knob in the centre of each side of the disc; 
points of the distal central knob directed to the interray areas, points of the proximal centra l knob 
in lin e with th e rays; s ides of th e rays tapering. 

Genus Radiodiscoaster new genus 

Type spec1es: R . gemmeus subsp . helianthus (BRAMLETTE & SuLLIVAN, 1961) n. comb. 

Rays without ornamentation; di stal sutures straigh t, often orien ted in a dextral d irection; proxi
mal sutures curved in a s inistral direct ion . 

Subgenus Curvidiscoaster new subgenus 

Type species: C. lodoensis (BRAMLETTE & RIEDEL, 1 954) n . comb. 

D eep incisions between the rays; rays often clearly curved; often a central knob at the proximal 
side of the disc, sometimes a central knob at the distal side. 
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Subgenus Radiodiscoaster new subgenus 

Type species: R. gernmeus subsp. helianthus (BRAMLETTE & SuLLIVAN, 1961) n. comb. 

Un deep incisions between the rays; no distinct curvature of the rays; no centra l knobs. 

Genus Truncodiscoaster new genus 

Type spec1es: T. adarnanteus (BRAMLETTE & W' rLCOXON, 1967) n. comb. 

Rather undeep incisions between the rays; no ornamentation; ray-tips b lu nt; sutures on both 

s ides straight and running from the interray area to the centre of the disc . 

Genus Turbodiscoaster new genus 

Type species : T . tanii (BRAMLETTE & RI EDEL, 1954) n . comb. 

Deep incisions between the rays; sutures on the distal side of the disc straight, on the proximal 
side curved sinistrally, except in T. spec. 1, with straight sutures on both sides of the disc; rays a 

little off-set except in T. spec. 1. 
The genus Catinaster MARTINI & BRAMLETTE, 1963, may also be placed in the Subfamily 

Eudiscoasteroideae. T he genus originates in the Middle M iocene (the Clavodiscoaster kugleri D isco

aster Zone) and it is probably a descendant of a species ancestral to Eudiscoaster bollii (MARTINI & 
BRAMLETTE, 1963) n . comb. 

Subfamily HELIODISCOASTEROIDEAE new Subfamily 

Type genus: Heliodiscoaster TAN, 1927. 

Specimens m side view umbrella-shaped; proximal column generally present; ray tips never 

ornamented. 

Genus Discoasteroides BRAMLETTE & SuLLIVAN, 1961 

Type species: D. kueppni (STRADNER, 1959) BRAMLETTE & SuLLIVAN, 1961. 

Proximal co lumn present with in plan view strong birefringence. 

Genus Heliodiscoaster TAN, 1927 

Type spec1es: H . barbadiensis TAN, 1927. 

Proximal column has in plan view no birefringence. 

Family CALYPTROSPHAERACEAE new Family 

Type genus : Calyptrosphaera LOHlVIANN, 1902. 

Outline more or less oval, or crescent-shaped; cross-section dome-shaped with a large central 

cavity; only one type of crystal form presen t, which is sma ll an d regular. The representatives of 

this Family are reckoned to the Holococcolithinids. However , not all species with thi s type of 

crys tal units belong to the Calyptrosphaeraceae. In the form genus Cry stallolithus GAARDER & 
MARKALI, 1956, the centra l cavity is not closed at the distal side as is the case in most Calyptrosphae

raceae, but at the proximal side. In fact this form genus belongs to the H eterococcolithinids, being 

a special type of coccolith in the genus Coccolithus. A second genus is Zygrhablithus D EFLANDRE, 

1959 . In the on ly species of the genus, Z. bijugatus, often two types of crystals can be found . Large 

crystals form the lining of the basa l disc, and th e outer lining of the bars of the central X -structure. 

T he rest of the coccolith is composed of the small type of crystals. Evidently, this genus evolved 

from the Paleocene genus Chiastozygus GARTNER, 1968 . 
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DISC SSION 

E. i\1ARTIKI: According to your range chart di scoaste rs occur mu ch more frequently in the Pleistocene 
than known before. D o you see a certain regional distributi on of these discoasters related to the latitudes, and 
where did you find these discoasters, in deep sea oozes or lanbased sections. 

(Pli ocene-Pleistocene bound ary as ri sed b y PRINS is lowe r in the column than those of other workers, which 
seem s to so lve the prob lem) . 

B. PR INS : To answer the last question first . My observations on Pliocene-Pleistocene discoasters are 
based on both land samples and deep-sea cores . 

T he point, whether discoaster assemb lages are present o r absent in the lowermost Pleis tocene, is directly 
related to the problem of the exact posi tion of the Pliocene-Pleistocene boundary. 

Strong indi cations exis t, that the last discoasters occurred during a cold period. ERICSON et al. , 1963, 
report ice rafted mater ial from fa r below the d iscoaster exti ncti on level (Science, vol. 139, p. 734). !Vloreover, 
on geologica l evidence AKERS, 1965, pl aces the discoaste r extinction level between the late Nebraskan g lacial 
and the Aftonian interglacial (Scie nce, vol. 149, p . 741). Indeed , the coccolithinid genus Gephy rocapsa, ge
nera lly accepted to be ab un da nt only in wa rm water areas, appears just above the extinction of the discoasters . 
T herefore , it seems to m e a little strange, that m any palaeontologists place the Pliocene-Ple istocene boundary 
at the end of the 121 Planktoni c Foraminiferal Zone, or the NN18 Nannoplankton Zone, between the last 
occurrence of discoasters and the first ab undance of Gephyrocapsa. H ence, they place this boundary at the on 
set of a warm period ! T hi s is the reason, why I moved the boundary to a lower level, th e level of discoaster 
reduction . As a conseq uence, some discoaster species cross the Pliocene-Pleistocene boundary on one of my 
d istributi on tables . 
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PLATE 6 

All magnifications 2500 x 

Figs. 1, 2 - Fasciculithus l)llnpaniformis HAY & MoHLER, 1967, side view. 

Fig. 3 -F. tympaniformis / F. spec. 1 , side view. 

Figs. 4, 5 - Fasciculi thus spec. 1, side view. 

Fig. 6 - Fasciculithus tympanifonnis I Sphenolithus spec. 1, side view. 

Fig. 7- Sphenolithus spec. 1, side view. 

Figs . 8-11 - Daktylethra spec . 1, figs. 8, 11 side vi ew, fig. 9 distal view, fig . 10 proximal view. 

Fig. 12 - Discoasteroides megasty pus BRAMLETTE & SULL!VAN, 1961, side view. 

Figs . 1-7 - Fasciwlithus ty m.pmuformis Nannoplankton Zone. 

Figs. 8-12 - Discoasteroides nmltiradiatus Discoaster Zone. 
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PLATE 7 

All magnifications 2500 x 

Figs. 1, 5 - Fasciculi thus tympaniformis HAY & MoHL.ER, 1967, fig. 1 proximal view, fig. 5 distal view. 

Fig . 2 - Biantholithus spars us BRAMLETTE & MARTIN I, 1964, distal view. 

Figs. 3, 6 - Fasciculith.us spec . 1, fig. 3 proximal vi ew, fig. 6 distal view. 

Fig. 4 - Biantholithus / Fasciculithus, distal view. 

Fig. 7 - Radiodiscoaster gemmeus (STRADNER, 1959) n. comb., distal view. 

Fig. 2 - Markalius astroporus Nannoplankton Zone. 

Figs. 1, 3-6 - Fasciculithus tympamformis Nannoplankton Zone. 

Fig. 7 - Radiodiscoaster nobilis Discoaster Zone. 
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PLATE 8 

All magnifications 2500 x 

Fig . 1 - Fasciculithus tympaniformis J He/iolithus hleinpellii >, distal view. 

Fig. 2 - Heliolithus hleinpellii SULLIVAN, 1964, distal view. 

Figs. 3, 5, 6- Discoasteroides megastypus BRAMLETTE & SULLIVA:-:, 1961, fig . 3 distal view, figs. 5, 6 proximal view. 

Fig. 4 - Discoasteroides 111/lltiradiatus (BRAMLETTE & RtEDEL, 1954) n. comb . 

Fig. 1 - Fasciwlithus ty mpaniformis Nannoplankton Zone. 

Fig. 2 - Heliolithus h/ei11pe/lii Nannoplankton Zone. 

Figs. 3-6 - Discoasteroides multiradiatus Discoaster Zone. 
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