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Abstract. A well preserved mixed Eocene discoaster flora, including a few 
coccoliths, has been studied by means of a scanning electron microscope which 
reveals previously unobservable structural details. The advantages of the scanning 
electron microscope over the transmission electron microscope in the study of 
calcareous nannoplankron are discussed. Thirteen discoasters and four coccoliths, 
including three new species ( Coccolithus iugtts, Vis coaster pacificus and D. ro

bustus) are recorded. Possible morphological relationships of two groups of 
discoasters are also noted. 

INTRODUCTION 

Transmission electron microscopy has been applied in the field of ultramicro
paleonrology since early 1950s. This instrument with its great advantages over 
the light microscope (much higher resolution, greater depth of field and magni
fication) has indeed contributed a great deal ro our knowledge of the ultrastructure 
of calcareous nannoplankron. The preparation methods involved in the trans
mission electron microscopy have, however, presented many technical difficulties. 
Due to the opaqueness of the electron beam tO calcium carbonate (unless an 
electron beam of a very high acceleration voltage is used) the coccoliths have 
ro be carbon-replicated, and the original specimen dissolved chemically, before 
any electron microscopic observations can be made. Besides be:ng rime consuming 
the carbon-replication offers a number of problems. Forms with a relatively 
high third dimension, such as discoasters and rhabdoliths, usually fall off the 
carbon film which is roo delicate ro support them, leaving no traces except 
big holes. The film is also apt to break and in case of specimens with high 
surfacial relief it tends ro settle down and spread out when the original 
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specimen is dissolved, giving a distorted "two-dimensional" picture of a three

dimensional object. For the same reasons carbon-replicas do not permit the 

observation of the side views by rotation of the specimen holder, and are, 

therefore, mainly effective for the study of surfacial micro-details. Even stereo

couples of electronmicrographs reveal little about the third dimension of the 
nannoplankton. The scanning electron microscope is proving ro be very helpful 

in overcoming the difficuhies facing micropaleontologists in general and those 

working with calcareous nannoplankron and other ultramicro-organisms in 

particular. The main advantage of this instrument is based upon the fact that 

the electron beam is allowed to scan the original specimen causing the emission 

of secondary electrons from the area on which the beam is focused. The 

secondary electrons are detected and then amplified and the resulting image 

displayed on a cathode ray tube (for excellent discussion of the use of this 

instrument in the field of micropaleonrology, see HAY and SANDBERG, 1967). 
This concept thereby eliminates the lengthy process of carbon-replication. Due 

ro its remarkable depth of field the scanning elecrronmicroscope provides ex

cellent "three-dimensional" views of specimens with high surfacial relief such as 

discoasrers and rhabdoliths. After being given a thin (300-400 A) carbon or/ and 

metal (gold in the present case) coating under high vacuum the object can be 

directly introduced into the microscope for study. The whole process rakes a few 

minutes. The wide choice of magnifications (X 20-50,000) which this instrument 

provides makes it possible to count the various species in a sample at a low 

magnification for statistical analysis. Side views of specimens can be easily 

observed by a simple rotation of the specimen holding stage (cf. text-fig. 4 A 

and 4 B). The scanning electron microscope is capable of an appreciably high 

resolution (200 A maximum, at present), which though much lower than that 

of contemporary transmission electron microscopes (up ro 5 A) is more than enough 
for the examination of nannoplankronic features. 

The present study undertaken by means of scanning electron microscope renders 

possible a deeper insight into the structural derails of discoasrers, the knowledge 

of which could not proceed beyond the confines set by the technical limitations 

of light microscopy. A well preserved mixed Eocene nannoflora (mainly 

discoasters) of a loosely-bound chalk from a Tertiary core in the Central Pacific 
Ocean is recorded. The sample marked "core 69,564-566 cm" was obtained 

from the Swedish deep-sea collection at Gorhenburg through Dr. E. OLAUSSON, 

who described the various sediments of the core and reported the presence of 

rhe associated microfauna and flora in two papers (1960, 1961). According to 

OLAUSSON (1961, p. 29), for whom the samples were checked for their nanno
fossil content by Prof. BRAMLETIE, the level of 561-562 cm contained a nanno

flora of Middle Eocene age. The levels studied here, however, shows a mixed flora 

of Lower-Middle-Upper Eocene, as is evident from the presence of Marthasterites 

tribrachiattts (BRAMLETIE and RIEDEL) DEFLANDRE, Discoaster sublodoensis 
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BRAMLETIE and SULLIVAN and Discoaster tani nodifer BRAMLETIE and RIEDEL. 
The percentage of the first two species being much higher than the last one. This is 

in closer agreement with the observations of OvEY (OLAUSSON, 1961, p. 29) who 
found both Globigerina pseudobulloides PLUMMER and GlobMotalia crassata var. 

densa (CUSHMAN) at a level of 562 cm of this core. The former is a Lower Eocene 
species, whereas the latter is found throughout the Eocene. 

The preservation of discoasters and coccoliths in the present material is usually 

good. Some of the larger species may, however, have portions broken away 
(e. g. arms or stems in Discoaster lodoensis BRAMLETIE and RIEDEL). The 

following species are recorded in the present study. 

Family COCCOLITHACEAE KAMPTNER 

Coccolitbus iugm HAQ, n. sp. 

Cycloplacolitbella simplex HAQ, 1968 
C. sp. 

Zygolithus (?) sp. 

Family DISCOASTERACEAE VEKSHINA 

Discoaster bm·badiensis TAN SIN HOK, 1927 
D. paci/icus HAQ, n. sp. 

D. fa/catus BRAMLETTE and SULLIVAN, 1961 
D. germanictts MARTINI, 1958 
D. lodoensis BRAMLETTE and RIEDEL, 1954 
D. robustus HAQ, n. sp. 

D. saipanensis BRAMLETTE and RIEDEL, 1954 
D. sublodoensis BRAMLETTE and SULLIVAN, 1961 
D. tani nodi/er BRAMLETTE and RIEDEL, 1954 
D. sp. I 
D. sp. II 
Discoasteroides kuepperi (STRADNER) BRAMLETTE and SULLIVAN, 

PI. I, figs. 1-3 
PI. I, figs. 6, 7 
PI. I, fig. 4 

Pl. I, fig. 5 

PI. III, figs. 4-7 
PI. IV, figs. 4-7 
PI. V, fig. 2 

PI. V, fig. 1 
PI. II, figs. 1-4 
PI. V, fig. 7 
PI. IV, figs. 1-3 
PI. V, fig. 3 
PI. V, fig. 5 
PI. V, fig. 4 
PI. V, fig. 6 

A 
c 
R 
R 

A 
F 
c 
R 
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R 
c 
F 
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R 
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1961 PI. Ill, figs. 1-3 C 

Marthasterites tribrachiatus (BRAMLETTE and RIEDEL) DEFLANDRE, 

1959 Text-figs. 4 A, B C 

A: Abundant; C: Common; F: Few; R : Rare. 

TERMINOLOGY 

In the description of the discoasters the following terms are used which the 
author considers should be clarified to avoid confusion. 

Stem-side view. Normally means the concave side of the discoaster bearing 
the stem. In case of discoasters possessing two stems of different sizes the terms 
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large stem-side and small stem-side or rudimentary stem-side v1ews are used 
to denote the two different views of the discoaster. 

Convex-side view. In case of discoasters bearing a single stem, the side 
opposite to the stem-side or the concave-side, unless otherwise specified. 

TYPIFICATION 

Type negatives are stored with the type collection of the Geological Institution, 
University of Stockholm, Sweden. 

ACKNOWLEDGEMENTS 

The author thanks Professor I. HESSLAND for his critical review of the 

manuscript, and Dr. E. OLAUSSON for putting the present material at the 
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SYSTEMATIC DESCRIPTIONS 

Family COCCOLITHACEAE KAMPTNER, 1928 

Genus Coccolithus SCHWARZ, 1894 

TYPE SPECES. - Coccolithus oceanicus, SCHWARZ. 

Coccolithus iugus HAQ, n. sp. 

PI. I, figs. 1-3 

DERIVATION OF NAME. - Jugum (Latin) = ridge (ridge-like proximal shield). 

DIAGNOSIS. - Oval to subcircular coccoliths with large central opening surrounded 

on the distal side by a ring of flat irregular crystals which extend on the proximal 
side to form a ridge-like narrow proximal shield. Larger diameter of the coccolith 

from 8 to 13 fl, larger diameter of the central opening from 2.5-4.5 fl· 

DESCRIPTION. - The distal shield consists of a large number of rectangular 
crystals imbricated dextrally. The inside of the shield around the oval central 

opening is lined by a ring of flat inward sloping crystals joined together along 
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irregular outlines. The proximal shield is a ridge-like structure formed by the 

continuation of the crystals of the inner ring of the distal shield, downwards to 

the proximal side. 

HOLOTYPE NEGATIVE NUMBER. - SM 18/ 17. 

REMARKS. - The distal view of this species shows a similarity to the distal view 

of Ericsonia ova/is BLACK, 1964. The proximal sides, however, are distinctly 

different (cf. HAQ, 1968, pl. II, figs. 1, 2). 

OCCURRENCE. - Abundant in the present material. 

Genus Cycloplacolithella HAQ, 1968 

Circular placoliths with two shields of unequal size, the distal being larger than 

the proximal, and a wide central opening. 

TYPE SPECIES. - Cycloplacolithella foliosa (KAMPTNER). 

Cycloplacolit.hella simplex HAQ, 1968 

PI. I, figs. 6, 7 

1968 Cycloplacolithella simplex HAQ, p . 25, pl. 8, figs. 8-10. 

REMARKS. - The two specimens illustrated here show the distal views with 

a ridge-like extension of the proximal shield on the distal side around a deep, 

circular central opening. The holotype transmission electronmicrograph illustrated 

in HAQ, 1968 (PI. 8, fig. 8) and labelled as proximal view is also a distal view 

similar to the distal views observed here under the scanning electron microscope. 

The ratio of the diameter of the central opening to the diameter of the 

placolith is 1:3.5 - same as that of the holotype. 

OCCURRENCE. -Upper Eocene of NW Germany (HAQ, 1968). Common in the 

present material. 

Cycloplacolithella sp. 

PI. I, fig. 4 

REMARKS. - This specimen shows some similarity to Cycloplacolithella simplex 

HAQ, but the central opening of the former is larger than that of the latter. 

The ratio of the diameter of the central opening to the diameter of the whole 

placolith in C. simplex is 1:3.5, whereas in the present specimen it is almost 1:2. 
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(?) Zygolithus sp. 

PI. I, fig. 5 

REMARKS. - Although the specimen pictured here shows a similarity to genus 
Zygolithtts in bearing a cross-bow bridge, the basal shield and the central 
opening of the present specimen are distinctly circular. The bridge is formed by 

two rectangular elements which do not meet and leave a relatively large gap 
between them. The crystal-rays of the basal shield are thin and numerous. This 

specimen is poorly preserved and shows few structural details. Diameter 6.8 #· 

Family DISCOASTERACEAE VEKSHINA, 1959 

Genus Discoaster TAN SIN HoK, 1927 

Most asteroliths (rosette or star-shaped ortholithid forms) are included under 
this taxon. The asteroliths consist of well differentiated calcite elements, or rays. 

In some species the rays extend upwards from the centre along a plane perpendi
cular to the plane of the asterolith, so as to form a stem. Many of these species 

bear only a single stem, e. g. Discoaster barbadiensis (Pl. III, fig. 5), but some 
may bear a second rudimentary stem on the other side of the central area of 

the asterolith, e.g. D. lodoensis (Pl. II, figs. 1-4). Many species, however, do not 
possess a stem, e.g. D. tani (Pl. V, fig. 5), D. saipanensis (Pl. IV, figs. 1-3), 
D. falcatus (Pl. V, fig. 1). 

TYPE SPECIES. - Discoaster pentaradiatus TAN SIN HoK. 

Discoaster barbadiensis TAN SIN HOK, 1927 

PI. III, figs. 4-7; text-fig. 1 A 

1892 "Crystalloids", }UKES-BROWN and HARRISON, p. 178, text-figs. 4-6 
1927 Discoaster barbadiensis TAN SIN HoK (pro parte), p. 119 
1954 Discoaster barbadiensis TAN SIN HoK, BRAMLETTE and RIEDEL, p . 398, 

pl. 39, figs. 5 a, b 
1955 Discoaster barbadiensis TAN SIN HoK, GARDET, p. 526, pl. 7, figs. 68 a, b 
1958 Discoaster barbadiensis TAN SIN HoK, STRADNER, p. 183, fig. 11 
1958 Discoaster barbadiensis TAN SIN HoK, MARTINI, p. 366, pl. 5, figs. 24 

a-c 
1959 Discoaster barbadiensis TAN SIN HoK, MANIVIT, p. 39, pl. 10, fig. 3 
1959 Discoaster barbadiensis TAN SIN HOK, STRADNER, p. 1082, fig. 2 
1961 Discoaster barbadiensis TAN SIN HoK, BRAMLElTE and SULLIVAN, p. 158, 

pl. 11, fig. 2 
1961 D iscoaster barbadiensis TAN SIN HoK, STRADNER in STRADNER and PAPP, 

p . 95, pl. 28, figs. 1, 2, text-figs. 9/ 7, 18/ 6, 24/ 3 



THE STRUCTURE OF EOCENE COCCOLITHS AND DISCOASTERS 7 

S,u 

Fig. 1. Possible morphological relationship between Discoaster barbadiensis TAN SIN HoK 
and Discoaster robttsttts n. sp. A: Discoaster barbadiensis with a comparatively more concave 
stem-side with thinner and less robust rays, and almost every ray extending to form the 
stem. The crystal-ends of the stem sharp pointed. B: A variant of D. barbadiensis with less 
concave stem-side and comparatively shorter and more robust rays, every alternate ray 
forming the stem, the crystal-ends of which curve downwards in corolla-like manner - a form 
morphologically intermediate between D. barbadiensis and D. t·obttst#s. C: D. robttsttts with 
short robust rays placed at a high angle along the vertical axis, elimination of the alternate 
rays so that they are reduced to half the number of D. barbadiensis, and corolla-like spreading 
of the crystals at their upper tips. Due to the pyramidal shape of the discoaster no clear 
distinction can be made between the body and the stem. 

1962 

1964 
1965 
1965 
1965 
1967 

1967 

Discoaster barbadiensis TAN SIN HoK, HAY and TowE, p. 515, pi. 10, 
figs. 3, 5 
Discoaster barbadiensis TAN SIN HoK, SULLIVAN, p. 189, pi. 10, figs. 1, 2 
Discoaster barbadiensis, BLACK, fig. 20 
Discoaster barbadiensis" TAN SIN HoK, COHEN, p. 32, pi. 7, figs. a-d 
Discoaster barbadiensis TAN SIN HoK, SULLIVAN, p. 41 
Discoaster barbadiensis TAN SIN HoK, LEVIN and JOERGER, p. 172, pi. 3, 
figs. 17 a, b 
Discoaster barbadiensis TAN SIN HoK, HAQ, p. 63, pi. 7, figs. 1, 2 

DESCRIPTION. - Umbrella-shaped discoasters usually consisting of 11-14 rays. 
Each ray is a well differentiated calcite-unit connected to the adjoining rays nearly 
throughout its length along a thinned margin. On the concave side the rays 
extend into the central area along a plane at right angles to the plane of the 
discoaster forming a thick straight stem. In some cases only alternate rays extend 
to form the stem, the others thinning out or ending abruptly (Pl. Ill, figs. 5, 7). 
The size and structure of the stem vary considerably. At the tip of the stem the 
crystals may spread out in a corolla-like manner leaving a narrow central de
pression, or each crystal may have a sharp pointed end (PI. Ill, fig. 7). 
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The convex side, which looks like the top of an umbrella, has no stem. The 
rays show a slight apparent imbrication because the extremity of each ray is 

placed slightly asymmetrically to one side. However, the absence of imbrication 
can be easily confirmed on the concave or stem-side. Some stems as a whole 
are more robust than others (cf. Pl. Ill, figs. 5 and 7). The diameter of the 

various specimens found in the present material varies between 6 and 12 f.l· 

OCCURRENCE.- Widespread in the Eocene of many parts of the world. Abundant 
in the present material. 

Discoaster falcatus BRAMLETIE and SULLIVAN, 1961 

Pl. V, fig. 2; text-figs. A-C 

1961 Discoaster falcatus BRAMLETIE and SULLIVAN, pp. 159-160, pl. 11, figs. 
14a, b, 15 

1964 Discoaster falcatus BRAMLETIE and SULLIVAN, SULLIVAN, p. 190, pl. 11, 
figs. 10-12 

1965 Discoaster falcattJS BRAMLETIE and SULLIVAN, SULLIVAN, p. 42 

DESCRIPTION. - Asteroliths with 7-9 rays joined along their margins for about 

half their length from the centre. The rays are asymmetric and curve slightly. 
They are produced into ridges on the convex side. On the concave side the 
sutures between the rays extend inro the centre around a small central knob. 

The diameter of the specimens from the present material is most commonly 

10-13 f.l· 

OCCURRENCE. - Paleocene and Lower Eocene of California (BRAMLETIE and 

SULLIVAN, 1961; SULLIVAN, 1964, 1965), Bashi Formation (Paleocene or Lower 
Eocene) of Alabama, Lower Eocene of Trinidad and Paleocene of Gan, France 
(BRAMLETIE and SULLIVAN, 1961). Common in the present material. 

Discoaster germanicus MARTINI, 1958 

Pl. V, fig. 1 

1958 Discoaster germanicus MARTINI, p. 360, pl. 3, figs. 15 a, b 
1958 Discoaster plebeius MARTINI, p. 361, pl. 3, figs. 16 a, b 
1960 Discoaster germanictts MARTINI, p. 77, pl. 9, fig. 16 
1960 Discoaster plebeius MARTINI, p. 78, pl. 9, fig. 17 
1961 Discoaster germanicus MARTINI, BRAMLETIE and SULLIVAN, p. 160, pi. 

11, fig. 17 

DESCRIPTION. - The single specimen pictured here shows six straight rays 

radiating from an elevated centre. The rays are rectilinear in outline. As mentioned 
by BRAMLETIE and SULLIVAN (1961), Discoaster germanicus and D. plebeius 
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most probably represent a single species. The diameter of the specimen illustrated 

here is 9 !1· 

OCCURRENCE.- Middle Eocene of Germany (MARTINI, 1958, 1960). Units 3 and 
4 (Lower and Middle Eocene) of California (BRAMLETIE and SULLIVAN, 1961). 
Rare in the present material. 

Fig. 2. Possible morphological series: Discoaster falcatus-D . saipanensis and D. lodoen
sis. a: D. falcatus BRAMLETTE and SULLIVAN with seven to ten (commonly nine) asym
metric rays, each ray produced into a ridge on the convex side and a small central knob 
on the concave side (first appearance: Paleocene). b: A variant of D. falcattts with six rays 
- at least two of them asymmetric - and an impression of a small central knob on the 
concave side. c: Variant of D. falcatus similar to variant b, but showing the convex side 
and seven rays. One ray is asymmetric. These two variants (b and c) show intermediate 
characters between D. falcatus and D. saipanensis. d: D. saipanensis BRAMLETTE and RIEDEL 
with six or seven nearly straight symmetric rays and no central stem. On the convex side each 
ray is produced into a ridge (first appearance: Middle Eocene). e and f: Two variants of 
D. lodoensis closely similar to the variant b of D. falcatus. Compared to D. lodoensis they 
possess shorter rays, which are either straight or only slightly curved, and smaller central 
stems. g: D. lodoensis BRAMLETTE and RIEDEL with six or seven long curved rays and 
a prominent central stem (first appearance: Lower Eocene). 
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Discoasler lndoensis BRAMLETIE and RIEDEL, 1954 

PI. II, figs. 1-4, text-figs. 4 E-G 

1954 Discoaster lodoensis BRAMLETIE and RIEDEL, p. 398, pl. 39, figs. 3 a, b 
1958 Discoaster lodoensis BRAMLETIE and RIEDEL, STRADNER, p. 182, fig. 8 
1958 Discoaster lodoensis BRAMLETTE and RIEDEL, MARTINI, p. 366, pl. 6, 

figs. 28 a-d 
1959 Discoaster lodoensis BRAMLETTE and RIEDEL, STRADNER, p. 1083, fig. 5 
1959 Discoaster lodoe17Sis BRAMLETIE and RIEDEL, MANIVIT, p. 31 , pl. 6, figs. 

4, 5 
1960 Discoaster lodoensis BRAMLETIE and RIEDEL, MARTINI, p. 76, pi. 8, fig. 11 
1961 Discoaster fodoemis BRAMLETIE and RIEDEL, MARTINI, p. 11 
1961 Discoaster lodoensis BRAMLETTE and RIEDEL, BRAMLETIE and SULLIVAN, 

p. 161, pl. 12, figs. 4, 5 
1961 Discoaster lodoensis BRAMLETIE and RIEDEL, STRAD ER in STRADNER 

and PAPP, p. 92, pis. 25, 26, text-figs. 9/ 3, 24/ 9 
1962 Discoaster lodoemis BRAMLETIE and RIEDEL, HAY and TowE, p. 514, 

pl. 10, figs. 2, 4, 6 
1964 Discoaster lodoemis BRAMLETIE and RIEDEL, SULLIVAN, p. 191, pi. 11 , 

fig. 14 
1965 Discoaster !odoensis BRAMLE1TE and RIEDEL, SULLIVAN, p. 42, pi. 10, 

fig. 14 
1965 Discoaster lodoensis, BLACK, fig. 20 
1965 Discoaster lodoemis BRAMLETIE and RIEDEL, COHEN, p. 33, pi. 25, fig. e 
1967 Discoaster lodoensis BRAMLETIE and RIEDEL, HAQ, p. 63, pi. 7, figs. 3, 6, 7 

DESCRIPTION. - Asteroliths consisting of six or seven long slender rays which 

are joined together for about a third of their length from the centre. Towards 

the extremities the rays are slightly curved in one direction. In cross section the 

outlines of the rays vary from subcircular tO almost triangular with a ridge 

produced on the side of the stem. The rays extend upwards in the centre forming 

a long solid stem which varies considerably in construction. In some cases the 

crystals spread out at the tip ro produce a corolla-like arrangement (PI. II, 

fig. 1); in other cases this arrangement may show imbrication thereby producing 

a complicated pattern (PI. II, fig. 3). In other cases the crystals curve considerably 

around the plane of the stem to give a heliolithic impression (PI. II, fig. 2). The 

other side of the test possesses a small knob-like rudimentary stem, which is either 

very small or broken away, giving a flat appearance tO the surface of the central 

area. The long stem of the other side can also be broken in many fragile 

specimens, leaving some traces (PI. II, fig. 4). The robustness and the length of 

the rays varies considerably in different specimens. The diameter varies from 

16 tO 28 1-l· 

OCCURRENCE. - Reported from the Eocene of widely seperated parts of the 

world. Abundant in the present material. 
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Fig. 3. Reconstruction of Discoaster pacifi

ws n. sp. from paratype SM3/6. X 3300. 

Discoastcr pacificus HAQ, n. sp. 

Pl. IV, figs. 4-7; text-fig. 3 

DERIVATION OF AME. - Pacificus (Latin) (after the Pacific Ocean). 

DIAGNOSIS. - Asteroliths with 11-15 pointed, slightly curving rays joined 

together for about half their lengths from the centre. On one side each ray 

extends into the central area along a plane perpendicular to the plane of the 

asterolith ro form a hollow cylindrical stem. The opposite side possesses a similar 
but smaller stem. 

HOLOTYPE NEGATIVE N UMBER. - SM 18/ 14. 

DIMENSIONS OF THE HOLOTYPE.- Diameter 23 !-l· 

DESCRIPTION. - Large discoaster (13-30 p) with rays flattened in a vertical 

plane and joined together for abom half their length from the centre. They are 

thinner and flatter near the central area but become thicker near the free ends 

so that cross section of a free end is subcircular in outline. On one side of the 

discoaster each ray curves vertically ro form a hollow cylindrical stem (PI. IV, 
figs. 5-7). The other side of the discoasrer has a similar but smaller stem (Pl. IV, 
fig. 4). The rays curve slightly in a clockwise direction, as seen from the large 

stem-side and in an anticlockwise direction as seen from the smaller stem side. 

The smaller stem may be closed in some specimens. 

REMARKS. -This species shows some similarity to Discoaster bottlangeri LEZAUD, 

1968, bur the construction of the rays in the latter is quite different. They are 

joined for more than two-third of their length and do nor curve as in the present 

species (LEZAUD, 1968, pl. 1, figs. 9-12). The range of dimensions in D. bott-
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langeri is also different (10-12 f-t as compared tO 13-30 # in the present new 

species). 

OCCURRENCE. - A few specimens recorded in the present material. 

Discoaster robustus HAQ, n. sp. 

Pl. V, fig. 7; text-fig. 1 C 

DERIVATION OF NAME. - Robustus (Latin) (an asterolith with robust rays). 

DIAGNOSIS. - Eight or nine short robust rays joined throughout their length 

and placed at a high angle with the vertical axis ro form a pyramid-like structure. 

HOL01YPE NEGATIVE NUMBER. - SM 18/ 20. 

DIMENSIONS OF THE HOLOTYPE. - Diameter 6.5 #• height 4.2 #· 

DESCRIPTION. - Usually eight short thick rays which are placed at a highl 

angle along the venical axis and joined throughout their length so that the 

body of the asterolith gives a pyramid-like appearance. The rays become 

thinner upwards and are curved downwards at the tips tO form a crown which 

corresponds to the corolla-like spreading out of the crystals of the stem in 

Discoaster barbadiensis TAN SIN HoK. In this species, however, no differentiation 

can be made between the body of the discoaster and the stem. The rays enclose 

a central depression which continues to the convex side. This species seems to 

be closely related to D. barbadiensis as some variants of the latter suggest 

(text-fig. 1). 

OCCURRENCE. - Rare in the present material. 

Discoaster. saipanensis BRAMLETTE and RIEDEL, 1954 

Pl. IV, figs. 1-3; text-fig. 2 d 

1954 Discoaster saipanensis BRAMLETTE and R IEDEL, p. 398, pl. 39, fig. 4 
1958 Discoaster saipanensis BRAMLETTE and RIEDEL, MARTINI, p. 367, pl. 6, 

fig. 29 
1959 Discoaster saipanensis BRAMLETTE and RIEDEL, STRADNER, p. 1083, fig. 3 
1960 Discoaster saipanensis BRAMLETTE and RIEDEL, MARTINI, p. 76, pl. 8, 

fig. 3 
1961 Discoaster saipanensis BRAMLETTE and RIEDEL, STRADNER in STRADNER 

and PAPP, p. 90, pl. 22, figs. 5-7, 9, text-fig. 9/ 5 
1967 Discoaster saipanensis BRAMLETTE and RIEDEL, LEVIN and JOERGER, p . 

172, pl. 3, fig. 16 
1967 Discoaster saipanensis BRAMLETTE and R IEDEL, GARTNER and SMITH, p. 

6, pl. 12, figs. 4, 5 
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1967 Discoaster saipanensis BRAMLETIE and RIEDEL, HAQ, p. 64, pl. 8, figs. 4, 
6, 7 

DESCRIPTION. - Six or seven rayed asteroliths closely related to Discoaster 
lodoensis BRAMLETIE and RIEDEL. These forms, however, do not possess a stem. 

The rays are joined together for half or slightly less than half their length from 

the centre. The free portions of the rays are either srraight or curve very slightly 

(PI. IV, fig. 1). The tips of the rays are pointed as in D. lodoensis. One side 

of each ray is produced into a ridge which extends into the central area around 

the central pivot (PI. IV, fig. 1). The arms of this species are shorter and less 

curved than those of D. lodoensis. The central area is broader and thinner than the 

latter and shows no traces of a stem. In place of the stem there is a central 

depression formed by the meeting of the sutures between the arms. The diameter 

of the specimens in the present material varies between 13 and 19 fl· 

OCCURRENCE. -Upper Eocene of Saipan and California (BRAMLETIE and RIB

DEL, 1954), Upper Eocene of Missi ssippi and Alabama (LEVIN, 1965; LEVIN and 

JoERGER, 1967), Upper Eocene of Germany (MARTINI, 1958), Middle Eocene of 

Austria (STRADNER, 1959) and lower Eocene of West Pakistan (HAQ, 1967). 
Common in the present material. 

Discoasfer sublodoensis BRAMLETIE and SULLIVAN, 1961 

PI. V, fig. 3 

1961 Discoaster sublodoensis BRAMLETIE and SULLIVAN, p. 162, pi. 12, figs. 
6a, b 

1962 Discoaster sublodoensis BRAMLETIE and SULLIVAN, BOUCHE, p. 90, pl. 3, 
figs. 18, 19, text-figs. 25, 26 

1965 Discoaster sublodoensis BRAMLETIE and SULLIVAN, SULLIVAN, p. 43, pl. 
10, fig. 11 

1967 Discoaster sublodoensis BRAMLETIE and SULLIVAN, HAQ, p. 63, pl. 8, 
figs. 1-3 

R EMARKS. - This species is not easily distinguished from Discoaster lodoensis 
BRAMLETIE and RIEDEL and should probably be included under the same taxon. 

However, differentiation is made here on the basis of a number of features. The 

five (rarely, six) arms of this species are shorter and almost straight as compared 

with those of D. lodoensis. They are produced into sharp ridges on the stem 
side. The stem is a knob-like structure in the central area and is in no case 

as big as the stem of D. lodoensis. The central area on the opposite side is flat 

and bears no trace of a stem. The rays are joined together for less than half 

their length from the centre and their tips are sharply pointed. In the original 

description of this species (BRAMLETIE and SULLIVAN, 1961, p. 162) the range 
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of the diameter is stated to be 8-13 fl, but the specimen pictured here IS 

approximately 20 p in diameter. 

OCCURRENCE. - Middle Eocene of California and Texas (BRAMLETIE and SULLI

VAN, 1961), Middle Eocene of France (BoucHI~, 1962), Lower Eocene (?)of West 

Pakistan (HAQ, 1967). Common in the present material. 

Di~coaster tani nodifer BRAMLE'ITE and RIEDEL, 1954 

PI. V, fig. 5 

1954 Discoaster tani nodifer BRAMLE'ITE and RIEDEL, p. 397, pl. 39, fig. 2 
1960 Discoaster tm~i nodifer BRAMLE'ITE and RIEDEL, MARTINI, p. 78, fig. 19, 

table 9 
1961 Discoaster tmzi nodifer BRAMLE'ITE and RIEDEL, STRADNER in STRADNER 

and PAPP, p. 83, text-figs. 7/ 2, 8/ 19 
1965 Discoaster tani nodifer BRAMLE'ITE and RIEDEL, LEVIN, p. 270, pl. 34, 

fig. 5 
1968 Discoaster tani nodifer BRAMLETTE and RIEDEL, HAQ, p. 46, pl. 10, fig. 7 

DESCRIPTION. - Six-rayed asterolith with single pair of nodes on each ray placed 

slightly less than half way from the extremities. The robust rays meet only near 

the centre leaving a depression in the middle. o terminal norches are seen here. 

The specimen figured here shows a similarity eo the specimen pictured in HAQ 

(1968, pl. 10, fig. 7) except for a closed central area and for the nodes on the 

rays which are placed nearer the extremities in the latter. 

OCCURRENCE. -Upper Eocene of New Zealand, Saipan, Mariana Islands (BRAM

LETTE and RIEDEL, 1954) , Upper Eocene of Alabama and Mississippi (LEVIN, 

1965), Upper Eocene of Germany (MARTINI, 1960; HAQ, 1968). Rare in the 

present material. 

Discoaster sp. I 

PI. V, fig. 4 

DESCRIPTION. - Six-rayed asterolith with short rays which are produced into 

sharp ridges on one side. The ridges of the rays are inclined downwards one side 

near the periphery so as to cover a little of the adjoining ray and eo g ive an im

bricated appearance. The ridges also slope downwards near the tips of the rays 

which are joined rogether more than half way from the central area. The diameter 

of the specimen is 6.5 ,a. 

OccURRENCE. - Rare in the present material. 
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Discoaster sp. li 

PI. V, fig. 6 

DESCRIPTION. - A six-rayed asterolith in which rhe flat broad rays are joined 

together throughout their length except for the extremities and the rips. On each 

ray is a thin linear ridge, situated asymmetrically rowards the right side of the tip, 

near the line along which the rays are joined to each other. The ridges meet at 

the centre around a narrow depression. Diameter 11.5 fl· 

OCCURRENCE. - Rare in the present material. 

Genus Discoasteroides BRAMLEHE and SuLLIVAN, 1961 

Discoasters with heliolithid stems formed by the extension of the rays around 

a central pivot in heliolithid manner. 

TYPE SPECIES. - Discoasteroides kttepperi (STRADNER) BRAMLEHE and SUL

LIVAN. 

Discoasteroides kuepperi (STRADNER) BRAMLETfE and SULLIVAN, 1961 

PI. III, figs. 1-3 

1959 Discoaster kttepperi STRADNER, p. 478, rext-figs. 17, 21 
1961 Discoaster kuepperi STRADNER, MARTINI, p. 14, pl. 3, fig. 29. 
1961 Discoastemides kuepperi (STRADNER) BRAMLEHE and SULLIVAN, p. 163, 

pl. 13, figs. 16-19 
1961 Discoaster kuepperi STRADNER, STRADNER in STRADNER and PAPP, p. 93, 

pl. 27, figs. 1-6, text-figs. 9/ 6, 16 
1962 Discoasteroides kuepperi (STRADNER), HAY and TOWE, p. 515, pl. 10, fig. 1 
1964 Discoasteroides kttepperi (STRADNER), SULLIVAN, p. 192, pl. 12, figs. 1 a, 

b, 2 a, b 
1965 Discoasteroides kuepperi (STRADN ER), SULLIVAN, p . 44 
1967 Discoasteroides kttepperi (STRADNER) BRAMLEHE and SULLIVAN, HAQ, 

p. 62, pl. 4, figs. 1-6 
1968 Discoasteroides kuepperi (STRADN ER) BRAMLEHE and SULLIVAN, HAQ, 

p . 47, pl. 10, fig. 6 

REMARKS. - Except for the heliolithid stem this species is very similar to 

Discoaster barbadiensis TAN SIN HoK. The stem is formed by the extension of the 

rays along a vertical plane in a helicoid manner. The convex side shows the rays 

to be joined throughout their length. They are slightly curved in an anticlock

wise direction. The central area is covered with small crystals (PI. III, fig. 2) 

which is most probably secondary feature. The number of rays of this species 

in the present material varies from 10 ro 14. The diameter varies from 8 to 13 fl· 
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OccURRENCE. - Lower and Middle Eocene of California and Paleocene of Austria 

(BRAMLETIE ::nd SULLIVAN, 1961), Lutetian of Donzacq (HAY and TOWE, 1962), 
Lower Eocene of West Pakistan (HAQ, 1967). Upper Eocene of NW Germany 

(HAQ, 1968). Common in the present material. 

Genus Ma rthasterites DEFLAL'IDRE, 1959 

Three-armed asterolith forms, with straight or curved arms radiating from 

an undifferentiated centre. 

TYPE SPECIES. - Marthasterites fttrcatus DEFLANDRE. 

Marth aste rites l ri brachiatu s (BRAMLETIE and RIEDEL) DEFLANDRE, 1959 

Text-figs. 4 A, B 

1954 Discoaster tribrachiatzts BRAMLETIE and RIEDEL, p. 397, pi. 38, fig. 11 
1958 Discoaster tribrachiatus BRAMLETIE and RIEDEL, STRADNER, p. 181, fig. 5 
1958 Discoaster t-ribrachiattts BRAMLETIE and RIEDEL, MARTINI, p. 357, pi. 2, 

figs. 8 a, b 
1959 Discoaster tt·ibrachiatus BRAMLETTE and RIEDEL, STRADNER, p. 477, figs. 

5, 6, 10 
1959 lvfarthasterites tribrachiatm (BRAMLETIE and RIEDEL) DEFLANDRE, p. 138, 

p. 2, fig. 1 
1960 Discoaster tribrctchicttus BRAMLETTE and RlEDEL, MARTINI, p. 81, pi. 10, 

fig . 30 
1961 Discoaster tribrachiattts BRAMLETIE and RlEDEL, BRAMLETIE and SUL

LIVAN, p. 162, pi. 13, figs. 6 a, b, 7-9, 11-13 
1961 lvfarthasterites tribt·achiattts (BRAMLETIE and RIEDEL) DEFLANDRE, 

STRADNER in STRADNER and PAPP, p. 110, pi. 35, figs. 1-4, 7, text-figs. 
11/ 5, 6, 20/ 2 

1963 lvfarthasterites tribrachiatus (BRAMLETIE and RIEDEL) DEFLANDRE, 
STRADNER in GOHRBANDT, p. 80, pi. 11, fig. 10 

1967 lvfartbasterites tribrachiatm (BRAMLETIE and RIEDEL) DEFLANDRE, HAQ, 
p. 62, pi. 2, figs. 2-5; pi. 3, fig. 7 

DESCRIPTION. - The two scanning electronmicrographs reproduced here are the 

rop and side views of a single specimen. Text-fig. 4 B was photographed when 

the specimen holding stage was rotated through 33 degrees from the fig. 4 A 

position. This specimen shows three equidimensional arms radiating from an 

undifferentiated centre, each arm first sloping gently and then abruptly downwards 

near the extremity so that two adjoining arms form a wide arch. The tips of the 

rays are rounded. The diameter is approximately 10 fl· 

OcCURRENCE. - Restricted to the Lower Eocene of many parts of the world. 

Common in the p resent material. 
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Fig. 4. A: Top view, B: Side view of a single specimen of Marthasterites tri
brachiatus (BRAMLETTE and RIEDEL ) DEFLANDRE. This figure illustrates the 
advantage of the scanning electron microscope in observing the different views 
of a single object by simple rotation of the specimen holding stage. Fig. B was 
observed at an angle of 33 degrees to fig. A and shows the arch-like construction 
of each pair of arms. Hypotype negatives: SM16/19 and 20. X 5000. 
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PLATES 



PLATE I 

Coccolitlws iugus H AQ, n. sp. 

Figs. 1 , 2. Dista l view showing simi la rity to the dista l n ews of Ericsonia 
ova/is Br.ACK I96+ (cf. H AQ. I968. PI. II. figs. 1. 2 ) . Pa ratype nega
ti,·es Si\1[ I8 / 23 and I8 / 2+. X 6ooo. 

Fig. 3· Prox ima l view showing th e ridge-like construction of th e proxima l 
sh ield a nd a disti nct d ifference from th e proxima l view· of E. ova/is 
Br.ACK I96+. H olotype negati\-e SM I8 / I7. X 6ooo. 

CyclofJlacolithella sp . 

Fig. 4 · Prox ima l view showing the two circu la r hie lcls forming a single uni t 
wit h a la rge centra l opening. Negative SYI +/ 27 . X 5000. 

( ?) Z ygolithus sp. 

F ig. 5 · A ci rcu lar basa l sh ield and a cross-bridge similar to that m genus 
Zygolit hus. Negat ive SM 3 / 33· X 6300. 

Cyclo jJ!acolith ella simple A H AQ . I 968 

Figs. 6, 7· Specimens sim il a r to that illust rated in H AQ I968. PI. VIII. fi g. 8 
showing the di ta l v iews with ridge- like exlen ions of the proximal 
shields on the d ista l sides. H ypotypc ncga tives SM I 8 / 2 I a nd 3 / 6. 
Fig. 6: X I 2000. Fig. 7: X I 0000. 
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Pl.A TE IT 

Disco aster lo doensis BRA~·IL ETTE and RlED EL, I 95+ 

Fig. I. Stem-side , ·icw o f a complete a nd well prese n ·cd specimen. H ypotypc 
nega tive SM 18/ 5. X 9500. 

Figs . 2. 3· V ari at ions in the stem construction. Firr . 2: 1'\egati,·e SM 16 / 5. X 
5000. Fig. 3 : egati ve SM +I 25. X 1 oooo. 

Fig. +· D eta ils of the centra l a rea with traces of the stem in the centre. N ega
ti\·e SM 3/32. X 5ooo. 
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PLATE lli 

Discoasteroidcs k ue jJperi ( STRADl' ER ) BRAMI.ETTE a nd S I.I.I VAN. I96 I 

Fig. I. Stem-side view showing the h e lio li thid constructio n of the stem . 
H ypotype negative SM 3/3 . X 5000. 

Fig . 2. 3· Convex side vi ews showing the umbre ll a -like construction simila r 
to tha t of D . barbadiensis T AN SIN HO K I 927. H ypotype negatives: 
SM 16 / 6 a nd I6 j 2. X 5000. 

Discoa ter barbadiensis TA:\' SIN JJO K. 1927 

Fig. 4 · Convex-sid e view showing the umbrella -like construc tion a nd a sm a ll 
central depression. H ypotype nega tiv<> SM I8 / 6. X 7900. 

Fig. 5· Complet<> a nd well prc ·e rved specimen shO\·ving th e stem -side. Cry
stals of th e stem a re sha rp a nd pointed at the tips. H ypotype negati\·e 
SM 5/ 9 X Ioooo. 

Figs. 6. 7· V a ri a tions in the construction of th e stem. Fig. 6: Spreading o ut of 
crysta ls at the ir tips in a coro ll a-like m a nner. N ega tive SM 3/ 26. X 
5ooo. Fig. 7: R obust ending of th e c rysta l . N egative S1ti 5 / 8. X 
10000. 
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PLATE IV 

Discoastes saipanensis BRAMLETTE and RrEDEL, 1954 

Figs. r- 3. Views showing shorter and less curved arms as compared to D. 
lodoensis BRAMLETTE & RrEDEL, and absence of stem. Fig. r: Negative 
SM 3 I 4· X 5 200. Fig. 2: H ypotype negative SM I 8/7. X 6ooo. Fig. 
3: Negative SM 18l 25 X 5000. 

Discoaster pacificus HAQ, n. sp. 

Fig. 4· View showing the shorter stem -side. Pa ratype negative SM r8l g. 
X 2200. 

Figs. 5- 7. Views showing the larger stem-side. Fig. 5: Holotype negative 
SM I 8 I q. X 3000. Fig. 6: Details of the la rger stem of specimen in 
fig. 5· X 12000. Fig. 7: Paratype negative: SM 316. X 5000. 
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PLATE V 

D iscoastn geTmanicus lVIARTI:-.1 !. 1958 

F ig . 1. A six -rayed as te ro lith with e le\·ated centra l a rea a nd rays with rec
ta ng ula r outlines. H ypo typ e nega tive SM 16/ 25. X 5000. 

D iscoaster falcatus BRAMI.ETTE a nd Su LJ. IVAK I 961 

F ig. 2. A teroli th with e ight asymmet ric rays jo ined a long h alf o f their 
lenO'th fro m th e cent re. H yp otype nega tive SM I8 / 1 o. X 6ooo. 

D iscoaste r subfodoensis BRAM LETTE a nd Su LLI VA:-.1 . I96 1 

F ig. 3· Five-ra yed as te roli th with sma ll low stem a nd rays less curved than 
D . lodoe nsis BRAM I. ETTE a nd RI EDEI. I 95+ H ypotype nega tive SM 
18 j 8. X oq oo. 

Discoaster p. I 
Fig . + Short-rayed a tero li th with its six ray produced into sha rp r idges. 

Nega tive SM ,~ / 1 6. X I oooo. 

D iscoaste r sp . 11 

F ig. 6. Six-rayed as te rolith with fl at rays joined for 3 /-~ of their length . 
each ray bearin g a li nea r r idge p laced asymmetricall y towa rds th e 
righ t side. N ega tive Sivi 3 / 2+ X 5000. 

D iscoaste r tani nodi/er BRAMLETT E a nd R IEDEI .. ' 95 -~ 

F ig. 5· S ix rob ust rays w·it h single pa ir o f node o n rac h ra y close to the ti p . 
H ypotype nega tive S i1 8 / 3. X 5000. 

Discoaste r robustus H AQ. n . sp. 

F ig . 7· E ight robust ha rt rays joined th ro ughout their length a nd p laced 
a t a high a ng le with the ve rt ica l ax is. H olo type nega tive SM 18 / 20. 
X 12000. 
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