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Abstract. The calcareous nannoplankton of some Pacific deep-sea cores indicate that 
the penetrated mid-Tertiary strata contain three different biostratigraphical units 
(nannoplankton assemblages A, Band C). These are correlated with foraminiferal zones 
of the Cipero Formation of Trinidad, B.W.I. 

Discoasters and some other forms of the calcareous nannoplankton sometimes are 
inflated by excess calcite, making specific determination impossible. The term "group" 
is introduced for related forms within a genus which have changed their habit by calcifica
tion or by solution, and which cannot unequivocally be put in a described species. 

Two new genera, Furcatolithus and Triquet!'Orhabdulus, and four new species, Furcato
lithus distentus, Helicosphaera intermedia, Sphenolithus pacificus, Triquetro!'habdulus 
carinatus, are described. 

Diffraction-diagrams of several deep-sea samples indicate that coccoliths and dis
coasters abundant in these samples are composed of calcite. 

1. INTRODUCTION 

IN RECENT years large numbers of deep-sea cores from the Pacific Ocean have been 
recovered by deep-sea expeditions. Several hundred cores are filed with the Scripps 
Institution of Oceanography, La Jolla, California. From these cores eighty-five of 
Tertiary age were selected and described by Riedel & Funnel (1964 ). Age-assignments 
were based on Radiolaria, Foraminiferida and calcareous nannoplankton. 

The calcareous nannoplankton, a name commonly applied to coccoliths, discoasters 
and related forms, have become progressively more valuable for age-determinations. 
Although much work has been done since the stratigraphical value of calcareous nanno
plankton first became apparent (Bramlette & Riedel, 1954 ), much is not yet known. 
For instance, there are still difficulties as to where to draw the boundary between the 
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Miocene and Pliocene, and the assemblages of various biostratigraphical units need 
more study, but this also is true for other planktonic groups. Some of these difficulties 
have been pointed out in Riedel & Funnel (1964) and Martini & Bramlette (1963). 

A problem is presented by samples of Oligocene and/or Lower Miocene age from 
Pacific deep-sea cores. Most of these samples are rich in discoasters, which are extremely 
thick and inflated, and which could not be allocated with certainty to any species. As 
other remains of the calcareous nannoplankton were rare, or undescribed, age-assign
ments became difficult . Some mid-Tertiary samples from deep-sea cores with inflated 
discoasters have been selected from the cores of the Scripps Institution of Oceano
graphy, and the calcareous nannoplankton are described and discussed below. 

For supplying the samples for the present study the author is obliged to Dr. M. N. 
Bramlette and Mr. W. R. Riedel of the Scripps Institution of Oceanography. Helpful 
reference samples of Bolli's foraminiferal zones of Trinidad were received from Dr . 
M. N. Bramlette, to whom the author is specially indebted. Information and discussion 
with Dr. H. J. Kuzel (Mineralogisches Institut der Universitat, Frankfurt am Main) 
concerning the diffraction-diagrams are appreciated. 

Type-specimens are deposited in the U.S. National Museum, Washington, D .C., 
and their catalogue-numbers, Tertiary catalogue no. 132: 649174 to 649177, are 
included here. 

2. MATERIAL STUD IED 

Four cores (DWBG 10, DWHH 14, MSN 149 P and MSN 151 P) and a sample 
which Kamptner described in 1963 (MP 40- 1: 56-63 cm) were studied. All samples 
are from the equatorial region of the Pacific. 

DWBG 10 (fig. 153, loc. 6): 6° 54' N., 131° 00' W.; water-depth4340 m. In the log 
the core is described as light brown ooze overlying coherent mid-Tertiary calcareous 
ooze, length 28 cm. Samples have been selected from 5 cm, 13- 15 cm and 25 cm. The 
two higher samples contain some rare nannoplankton of the Quaternary, obviously as 
coring contamination, for example, Ceratolithus cristatus in sample 13- 15 cm. All 
samples are rich in calcareous nannoplankton. Siliceous remains are rare. 

DWHH 14 (fig. 153, loc. 4): 14° 28'S., 135° 29' W.; water-depth4400 m. Core-length 
47 cm; chocolate calcareous clay is indicated by the core-log. Samples have been 
selected from 10 cm, 30-32 cm and 45 cm. The sample from 10 cm contains a mixture 
of mid-Tertiary and Quaternary calcareous nannoplankton; Ceratolithus cristatus is 
frequent. In sample from 30- 32 cm discoasters are abundant, whereas the lowest 
sample almost lacks calcium carbonate. 

MSN 149 P (fig. 153, loc. 3): 9° 23' N., 145° 15' W.; water-depth 5100 m. In the log 
the core is described as chocolate mud. Section 1, 174 cm; section 2, 157 cm. Eleven 
samples have been selected: 10 cm, 50 cm, 80 cm, 110 cm, 123- 126 cm, 170 cm, 222-
225 cm, 250 cm, 280 cm, 313- 316 cm and 325 cm. The three highest samples are only 
slightly calcareous but some rare discoasters and coccoliths are present; these are abun
dant in samples from 110 cm to 325 cm. Siliceous remains are common in all samples. 

MSN 151 P (fig. 153, loc. 2): 11 o 03' N., 142° 28' W.; water-depth 5000 m. The core
log reads "brown clay, section A (at top) 5 cm; section B (broken) 40 cm; section C, 
107 cm. After extrusion of section C a few feet of core suddenly shot out (constituting 
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section B), and then section A came from just under the piston". Samples have been 
selected from 10 cm, 40 cm, 58- 61 cm, 80 cm, 110 cm, 127- 130 cm and 150 cm. With 
the exception of samples 80 cm and 110 cm, all are rich in calcareous nannoplankton; 
siliceous remains are also common . 

MP 40- 1 (fig. 153, loc. 5): 15° 32' N., 177° 32' W . ; water-depth 4082 m. The sample 
used for comparison from 56- 63 cm (Kamptner, 1963) is rich in calcareous nannoplank
ton, which are somewhat corroded and not as well preserved as those from the other 
cores. 

Figure 153. Position of deep-sea cores and localities from which samples were taken . 1 = DWBG 
23 B; 2 = lVISN 151 P; 3 = MSN 149 P; 4 = DWHH 14; 5 = MP 40- 1; 6 = DWBG 10; 

7 = ExperimentallVIohole core EM 7- 3; 8 = Trinidad, Cipero Formation. 

Additional samples used for stratigraphical correlation and comparison of calcareous 
nannoplankton assemblages are: 

DWBG 23 B (Catcher) (fig. 153, loc. 1): 16° 42' S., 145° 48' W.; water-depth about 
2000 m. Tuamotu Ridge. Eocene calcareous-siliceous silt. 

Experimental Mohole core 7- 3 (fig. 153, loc. 7): 28° 59' N., 117° 30' W.; water
depth 3566 m. Sample at 15- 17 cm. Middle Miocene (Martini & Bramlette, 1963). 

Trinidad, B.W.I. (fig. 153, loc. 8) (Bolli, 1957) : TLL 206 264, Cipero Formation, 
Catapsydrax dissimilis Zone. TLL 206 262, Cipero Formation, Globorotalia kugleri 
Zone. TLL 215 656, Cipero Formation, Globigerina ciperoensis Zone. 

Many samples of Oligocene and Miocene age from the Mississippi region, California, 
New Zealand, France, Italy, Austria and Germany revea led no comparable calcareous 
nannoplankton assemblages, and therefore are not listed here. 
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3. CALCAREOUS NANNOPLANKTON ASSEMBLAGES 

Little is known about the mid-Tertiary calcareous nannoplankton assemblages in the 
sediments of the Pacific Ocean and elsewhere. ·well-known assemblages from the 
underlying Eocene and the overlying Middle Miocene will be discussed in order to show 
how they differ from the mid-Tertiary calcareous nannoplankton assemblages. 

In Pacific deep-sea core DWBG 23 B samples of high Middle Eocene show a well
preserved nannoplankton assemblage (pl. XXXIII, fig. 1), and are also rich in Radiolaria, 
silicoflagellates and other siliceous remains. Some distinctive forms within the nanno
plankton assemblage are Coccolithus gigas Bramlette & Sullivan, C. grandis Bramlette & 
Riedel, C. staU1'ion Bramlette & Sullivan, C. cf. delus Bramlette & Sullivan, Discoaster 
barbadiensis Tan Sin Hok, D. distinctus Martini, D. saipanensis Bramlette & Riedel , 
Discolithina pmtaria (Defl.andre), Helicosphaera seminulum lophota Bramlette & Sullivan, 
Lophodolithus sp. (without bar), Rhabdosphaera cf. infiata Bramlette & Sullivan and 
R. tenuis Bramlette & Sullivan. Braarudosphaerids like Braarudosphaera discula Bram
lette & Riedel and Micrantholithus sp., and lopadoliths of the genus Scyphosphaera are 
rare. The assemblage is comparable with those from "unit 5" and "unit 6" of the Eocene 
of California (Bramlette & Sullivan, 1961 ), and similarities are apparent to the "lower 
and middle Upper Eocene" of the local north-western German stratigraphical subdivision. 

Sediments of Middle Miocene age have been discovered at the experimental Mohole 
drilling near Guadalupe Island (Martini & Bramlette, 1963). The sample chosen for 
comparison (EM 7- 3: 15- 17 cm, pl. XXXIII, fig . 2) contains a calcareous nannoplankton 
assemblage with Calcidiscus sp., Coccolithus pelagicus (Wallich), Discoaster challengeri 
Bramlette & Riedel, D. aff. defiandrei Bramlette & Riedel, D. exilis Martini & Bramlette 
and D. variabilis Martini & Bramlette. Although not rich in species this assemblage is 
comparable with the higher Globorotalia fohsi Zone of the Cipero Formation, Trinidad. 
Compared with Europe the assemblage is similar to that of the Helvetian. 

Samples from the Middle Eocene and Middle Miocene show many differences, and 
of special interest are the discoasters. These include a development from multiradiate, 
rosette-shaped forms in the Palaeocene (Discoaster multiradiatus) and Eocene (D. 
barbadiensis) to forms with less rays in the late Eocene (D. tani), and to slender-rayed 
forms in the Miocene (D . variabilis, D. challengeri) and Pliocene (D. brouweri). The 
main break in the development is the extinction of the rosette-shaped discoasters in 
the Upper Eocene, noticeable in all parts of the world. In the uppermost Eocene only 
few-rayed discoasters with relatively large central area are common, many of them belong
ing to Discoaster defiandrei or closely related species, which are the most common forms in 
the Oligocene, and are traceable up to the Middle Miocene. 

Discoasters of many deep-sea samples seem to belong to D. defiandrei and related 
forms, and predict an Oligocene age. Stratigraphical correlation with well-known 
localities by Radiolaria and Foraminiferida (Riedel, 1959) confirm such an age for some 
samples. Difficulties arose during the attempt to determine the species of discoasters 
found in these samples. Discoasters and some other forms of the calcareous nanno
plankton are extremely thick and inflated . The common distinctive marks, like fur
cation of rays, the appearance of the central area or the bending of the rays, are 
unrecognizable because of the deposition of excess calcite, and a determination of the 
species is impossible for nearly all discoasters of these samples. 
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Secondary calcite and signs of solution of calcareous nannoplankton are not unknown, 
and often produce unusual forms, which not only have been described as new species, 
but also prejudice the stratigraphical value of the calcareous nannoplankton . Bersier 
(1939), Gardet (1955), Manivit (1959) and Parejas (1934) seem to have worked with 
such forms. In some rare cases a certain local "stratigraphical value" of discoasters with 
secondary growth of calcite has been demonstrated, for example, in the middle Upper 
Eocene of north-western Germany (Martini, 1958) . The tendency to put a new name to 
forms with excess calcite should be avoided particularly if they seem not related to a 
known species. 

At present it has not been ascertained whether secondary growth of calcite took place 
after deposition in the sediment or was formed on parts of the skeleton during life and 
then resulted in their inflation. The published data on the recent Discoaster planctonicus, 
of which only one specimen was found in a plankton-catch in the Mediterranean Sea 
(Lecal, 1952), gives no reference to the condition of growth of asteroliths. An excessive 
growth of the single plates of the skeleton of coccolithophorids and related forms during 
life seems possible if one considers the mid-Tertiary discoasters of the equatorial Pacific 
deep-sea samples because asteroliths, with their larger and well-defined surface, seem 
to be better suited to the deposition of excess calcite than the more complex coccoliths. 
Indeed, in all samples examined, only discoasters and Triquetrorhabdulus show excess 
calcite, whereas coccoliths and sphenoliths are normal in this respect. Excess calcification 
is found especially at the centre and on the upper and lower side of the rays . Knots 
on sides of rays, common in certain species (Discoaster tani), are overgrown. Ends of 
rays which are bifurcated or notched in many species (D. distinctus, D. binodosus, D . 
defiandrei) adopt a similar appearance with progressive deposition. Incisions between 
the rays are closed by growing calcite starting from the centre, and central knobs present 
in some species disappear. The only characteristic preserved, and one which shows up 
much better, are the lines which separate the segments or rays (pl. XXXVI, fig. 11 and pl. 
XXXVII, figs . 1, 4-6, 10). The excessive growth of calcite on some calcareous nanno
plankton is regular and differs clearly from the irregular secondary growth derived from 
the sediment in which they are contained. 

The excessive accretion of calcite to the skeleton of protists, possible only under 
favourable conditions in equatorial latitudes, probably influenced the buoyancy of the 
living planktonic forms. The buoyancy might be disturbed by rapid calcification, such 
that the cell sinks and dies at different depths. This possibly explains the abundance 
of inflated discoasters in samples of the Pacific Ocean equatorial region. 

In six-rayed discoasters, calcification may result in three alternating segments fusing 
into an undivided mass in the centre of the asterolith (pl. XXXV, fig. 1 0), and presenting 
the same appearance on distal and proximal sides in most specimens. This fusion of 
rays has been considered by some authors as characteristic of species (Discoaster molen
graaffi, Tan Sin Hok, 1927, Gardet, 1955, Stradner, 1961; D. rotundus cf. molengraaffi, 
Manivit, 1959; D. trinus, Stradner, 1961 ), but the condition may be found in any species 
of Discoaster. Most discoasters can be referred to certain species, but it is impossible 
to decide, when calcification has occurred, whether a particular specimen belongs to 
that species or to a closely related one. In that which follows, the term "group" is added 
to a specific name of a discoaster which has changed in appearance by calcification, but 
this does not necessarily imply identity with that species. Thus a certain stratigraphical 
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value is retained, false identifications are possibly avoided, and descriptions of "new" 
species on the basis of unusual forms are unnecessary. In the mid-Tertiary deep-sea 
samples listed on page 394 four such groups of related discoasters are differentiated, and 
these will be discussed in the systematic palaeontology. 
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Figure 154. Distribution of calcareous nannoplankton in Pacific deep-sea cores and 
correlation with foraminiferal zones of the Cipero Formation of Trinidad, B.W.I. 
(Samples cannot be arranged in known superpositional order within the assemblage C, 

except for those samples obtained from a continuous run of core.) 
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Three calcareous nannoplankton assemblages have been found in the mid-Tertiary 
Pacific deep-sea samples (fig. 154) which can be clearly distinguished from assemblages 
from the Eocene and Middle Miocene. The stratigraphically oldest nannoplankton 
assemblage (A), found in samples of deep-sea core MSN 151 P, is poor in species and 
includes forms of the genus Coccolithus, Sphenolithus pacificus sp . nov., and discoasters 
of the defiandrei- and tani-groups. 

The stratigraphically overlying assemblage B, found in samples of deep-sea core 
MSN 149 P includes, in addition to assemblage A, discoasters of the variabilis-group 
and Triquetrorhabdulus carinatus sp . nov., which seems to be restricted to this assem
blage. 

The youngest assemblage C, found in deep-sea core DWBG 10, in samples DWHH 
14: 30- 32 cm and M P 40- 1: 56- 63 cm, includes some species which are not present in 
assemblages A and B, viz ., Coccolithites sp . I, Cyclolithella cf. rotunda, Furcatolithus 
distentus, Helicosphaera intermedia and Triquetmrhabdulus sp. Discoasters of the 
defiandrei-group are dominant, whereas discoasters of the variabilis-group are more 
common than in assemblage B, and discoasters of the tani-group show a decline in 
abundance. New appearances are discoasters of the ciperoensis-group. 

4. AGE- ASSIGNMENTS 

Calcareous nannoplankton assemblages found in Oligocene and Lower Miocene 
samples from the M ississippi region, California, New Zealand, F rance, Italy, Austria 
and Germany are not comparable with those from the Pacific deep-sea cores, and only 
samples from the Cipero Formation of Trinidad (Bolli, 1957) show similarities. 

Assemblage A is comparable with that found in the Globigerina ciperoensis Zone of 
the Oligocene. Both are relatively poor in species but the presence of Sphenolithus 
pacificus is noteworthy. Discoasters are not common in the sample from Trinidad, 
but specimens belong to the defiandrei- and tani-groups; in addition and not found 
in assemblage A are Coccolithus spp . and a species of Discolithina. 

Assemblage B can be compared with that of the Globorotalia kugleri Zone of the 
Oligocene. Coccolithus spp., Sphenolithus pacificus and discoasters of the defiandrei-, 
tani- and variabilis-groups are present in both assemblages, but discoasters are less 
common in the Trinidad sample. Important is Triquetrorhabdulus carinatus, but speci
mens from the G. kugleri Zone in Trinidad have more pointed ends (pi. XXXVI, fig . 3) than 
those from the deep-sea core MSN 149 P (pi. XXXVI, figs. 1- 2). Bramlette (1961, p. 351, 
fig. 2a) figured an Oligocene nannoplankton assemblage from Chubasco expedition core 
17 (8° OS ' N. , 125° 25' W.; water-depth 4435 m), which contains large coccoliths of 
Coccolithus and discoasters of the defiandrei-, tani- and variabilis-groups, and the index
species Triquetrorhabdulus carinatus. This sample was correlated with the Globorotalia 
kugleri Zone of the Cipero Formation, Trinidad, on the evidence of pelagic Foramini
ferida (Riedel, 1959, p . 285), thus confirming the correlation by calcareousnannoplankton. 

Assemblage C is comparable with that of the Catapsydrax dissimilis Zone of the 
Miocene (pi. XXXIII, fig. 6). Coccolithus spp., Cycolithina cf. rotunda, Helicosphaera 
intermedia, Sphenolithus pacificus and Thoracosphaera imperforata are present. Dis
coasters of the defiandrei- and variabilis-groups are the commonest forms, whereas 
those of the tani-group show a decline in abundance. Discoasters of the ciperoensis-
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group (pi. XXXVII, figs. 10- 11) now appear, and include the new but as yet undescribed 
species shown in pi. XXXVII, fig . 12 (see footnote, p. 405) from the Catapsydmx dissimdis 
Zone, and other well-preserved specimens are included in their species-groups because 
most of them are undescribed. T1'iquetrorhabdulus sp . (pi. XXXVI, figs. 4- 6)mayproveto be 
a good index-form as it seems to be restricted to the C. dissimil£s Zone. Coccolithites sp. I 
and Funatolithus distentus have been found only in the deep-sea samples whi le Discolitlzina 
multipara, common in Trinidad, is absent. Similar correlations based on Radiolaria 
have been published by Riedel (1959). Sample DWBG 10: 13- 15 cm was correlated 
by Riedal with the aid of another sample (Chubasco core 38 : 11- 15 cm) with the 
Catapsydrax dissirnilis Zone of the Cipero Formation, Trinidad. 

A great change in the calcareous nannoplankton is already known to occur between 
the Globorotalia kugleri and Catapsydrax dissimilis Zones, and this is also apparent in 
Pacific deep-sea samples. A number of species make their first appearance in the C. 
dissimilis Zone which supports the opinion (S tain forth, 1960; Wood ring, 1960) that the 
OligocenefMiocene boundary should be taken between the G. kugleri and C. dissirnilis 
Zones. On the other hand, Eames et al. (1962) include the lower part of the Cipero 
Formation, from the Globigerina. ampliapertura to the Globorotalia kugleri Zones, in 
the Miocene. However, since the calcareous nannoplankton from their Lindi localities 
in Tanganyika have not been examined, it has not been possible by means of these 
particular fossils to confirm the correlation of the Central African zones with those of 
Trinidad. Therefore, the Oligocene/Miocene boundary is selected in this paper as 
between the G. kugleri and C. dissimilis Zones; accordingly, nannoplankton assemblages 
A and B belong to the Oligocene, and assemblage C to the Miocene. 

The absence of representatives of the Family Braarudosphaeridae, of the genera 
Discolithina and Scyphosphaera, and of species of Rha.bdosphaera, and the rarity of thora
cosphaerids in the equatorial Pacific deep-sea cores is of special interest. Similar gaps 
in the records are found in many deep-sea samples from the Oligocene, Miocene and 
Pliocene; for example, only one specimen of Scyphosphaera aff. campanula was recorded 
from a Pliocene sample of the experimental Mohole drilling near Guadalupe Island 
(Martini & Bramlette, 1963, p. 848). This may be due to a preference of some forms 
for open-sea or nearshore environments, while others may be controlled by "warm" 
and "cold" waters, but the problem remains unsolved. Although the Recent Braarudo
sphaera bigelowi has been reported from a few Atlantic Ocean stations (Gaarder, 1954), 
it has been found in abundance only in nearshore waters such as the Gulf of Main (Gran 
& Braarud, 1935). Fossil abundances have been reported from the Danian of south-west 
France (Martini, 1961), from the Middle Oligocene "Rupelton" of the Mainz Basin 
(Martini, 1960), and from the Sarmatian of the Vienna Basin (Stradner, 1960) ; B. 
bigelowi and the related genus Micrantholithus are common in relatively nearshore 
deposits in California (Lodo Formation, Lower Eocene), north-west Germany (Middle 
Eocene), and Mississippi (Yazoo Clay, Upper Eocene). As near-surface nannoplankton 
utilized photosynthesis, it seems probable that such factors as turbidity and salinity 
were more significant in the control of their distribution, than was depth of water. 
This may be true also of species of Scyphosphaera, which are common in the late Tertiary 
of the Mediterranean and in Tertiary sediments of some other nearshore deposits 
(Lower Eocene, California; Oligocene, Mississippi area), but are very rare or absent 
in typical pelagic deposits. 
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5. DIFFRACTION- MEASU REME NTS 

Kamptner (1953) discussed at some length the question as to whether the skeleton of 
the coccolithophorids is built of calcite or aragonite. H e concluded from the absence in 
recent bottom sediments of certain forms of the calcareous nannoplankton, common in 
the living plankton, that their skeleton consists of aragonite rather than of calcite, the 
aragonite having been dissolved prior to reaching the bottom of the ocean. Other 
coccolithophorids found in the bottom sediments are made of calcite according to 
Kamptner because, under the temperature conditions in the deep-sea, aragonite is not 
stable and inverts to calcite. Also, aragonite might be expected in coccolithophorids 
living in tropical waters rather than in vvaters of high latitudes. 

During the exam ination of the Recent Coccolithus hu:xleyi Braarud et al. (1952, pl. ii , 
fig. f) showed, in a diffraction-diagram, that the skeleton of this species is composed of 
calcite. Black (1963), while working with the electron microscope, found that th e 
mineral coating of coccolithophorid scales always proved to be calcite, and that earlier 
statements on the presence of aragonite in some genera could not be confirmed. 

The high concentration of coccolithophorids and related forms in Pacific deep-sea 
samples seemed suitable for diffraction-measurements on calcium carbonate. Diffraction
diagrams were mad e of nin e samples and one of a coccolith-rich sediment of Danian 
age (Katharinenhof, Fehmarn, Germany), of which three are illustrated in figure 155. 

100 
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4o 

A A. 
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Figure 1.55. Diffraction-diagrams of Pacific deep-sea samples DWHH 14 : 30- 32 cm (1) , MP 
40- 1: 56- 63 cm (2) and DWBG 10 : 25 cm (3). For explanation see page 402. 
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The ordinate shows the relative intensities and the abscissa the 28 values for CuK!X
radiation. The important reflections in the field 28 20- 50°, as tabulated in the ASTM 
index, are, for calcite at 29·36, 39·31, 43·04, 47·40, 48·38, and for aragonite at 26·19, 
27 ·25, 45 ·78. F igure 155 (samples all of Miocene age) shows reflections characteristic 
of calcite but none of aragonite. Similar diagrams were obtained from samples of 
Oligocene age (MSN 149 P and MSN 151 P), of Eocene age (JPY V-48 P), and from the 
Danian of north Germany. Different intensities of reflections among these diagrams are 
partly due to non-uniform conditions during preparation of the powder layers. 

In all the deep-sea samples examined, only calcite has been found in the skeleton of 
coccolithophorids and related forms, thus confirming Kamptner's assumption (1953, 
p. 186). 

6. SYSTEMATIC PALAEONTOLOGY 

Recent studies make it evident that the coccolithophorids belong to the Protophyta 
rather than to the Protozoa. Many other taxa of the calcareous nannoplankton, however, 
can only be classified as Protista. Zoological nomenclature will again be used in this 
paper, and in any case differences in nomenclature will involve only the familial names 
because no higher classification is attempted. 

Some very small coccoliths, mainly in samples of deep-sea core BWBG 10, have been 
omitted, because they can only be identified with the electron microscope. Certain rare 
specimens from the later Tertiary and Quaternary, such as Ceratolithus cristatus and 
Calcidiscus medusoides, are obviously contaminants introduced by drilling, and are 
excluded. 

Family CoccoLITHOPHORIDAE Lohmann, 1902 
Genus Coccolithus Schwarz, 1894 

Coccolithus pelagicus (Wallich) Schiller, 1930 
Plate XXXIV, figures 1- 3 

1877 Coccosphaera pelagica Wallich, p. 348. 
1930 Coccolithus pelagicus (Wallich), Schiller, p. 246. 
1954 Coccolithus pelagicus (Wallich), Kamptner, p. 20, text-figs. 14- 16. 
1963 Coccolithus pelagicus (Wallich), Martini & Bramlette, p. 849. 

Remarks. Specimens from the Pacific deep-sea samples show characteristics men
tioned by Schiller, except that no specimen has a bar across the central opening, and 
in this respect are also like specimens from the experimental Mohole cores (Martini 
& Bramlette, 1963, p. 850). The highest part of the distal plate is near the central 
opening. The 45 to 50 striae show sinistral curvature as viewed from the distal side, and 
the sectors overlap each other in clockwise direction. Diameter: 12- 20 f-L· 

Distribution. Common in the late Tertiary and Quaternary of many regions. 
Present in all deep-sea Pacific samples, but common only in DWHH 14: 30- 32 cm and 
MP 40- 1: 56- 63 cm (assemblage C). 

Coccolithus aff. pelagicus (Wallich) Schiller 
Plate XXXIV, figures 4- 5 

Remarks . The coccoliths are smaller and the central opening is not as large and 
elongated as in C. pelagicus (pi. XXXIV, figs. 1- 2). U nd ercrossed nicols and because of the 
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smaller central opening, the extinction cross, which is less distorted in the central part 
than in C. pelagicus (pl. XXXIV, fig. 2), is hook-like, bent with ends pointing in clockwise 
direction in the central part, which shows higher birefringence than the plates outside 
the connecting tube. Diameter: 8-10 p.. 

Distribution. Common in the Tertiary of many regions. More or less common in all 
Pacific deep-sea samples. 

Coccolithus tenuistriatus Kamptner, 1963 
Plate XXXIV, figures 10- 12 

1963 Coccolithus tenuistriatus Kamptner, p. 160, text-fig. 16, pl. ii, figs. 14-15. 
Remarks. The drawing of the side view by Kamptner (1963, text-fig. 16a) is mis

leading, because the two plates are not as much separated as he indicated. The distal 
plate shows 42- 48 striae with some weak dextral curvature near the outer margin. The 
extinction cross shows broad arms, which are enlarged dextrally near the outer rim if 
viewed from the distal side. Coccoliths of this species seem to be liable to solution and 
all stages are found from well-preserved specimens to residual rings, for example, 
MP 40- 1: 56- 63 cm. Diameter: 7- 10 p.. 

Distribution. Originally reported from a Miocene deep-sea core (Albatross station 
53) . In Pacific deep-sea cores, present in samples with assemblages A and B (Oiigocene) 
and abundant in samples DWHH 14: 30- 32 cm and MP 40- 1: 56- 63 cm (assemblage 
C, Miocene). 

Coccolithus sp. I 
Plate XXXIV, figures 6- 7 

Remarks. Under the optical microscope the two plates are seen to be connected by a 
short tube, and show more than 25 striae. Between crossed nicols the extinction cross is 
strongly curved dextrally if viewed from the distal side, and the arms are enlarged at 
the outer margin of the plates (pi. XXXIV, fig. 7). Diameter: 4- 8 p.. 

Distribution. Abundant in samples with assemblage C (Miocene). Rare specimens 
occur also in the lower parts of core MSN 151 P (assemblage A, Oligocene). 

Coccolithus sp. II 
Plate XXXIV, figures 8- 9 

Remarks. Coccoliths are similar to Coccolithus sp. I but are more elongated, and 
between crossed nicols the extinction cross is less curved. Plate XXXIV, figure 9, shows a 
specimen between crossed nicols viewed from the proximal side, in which the arms are 
curved sinistrally. Diameter: 5- 8 p.. 

Distribution. Common in samples with assemblage C (Miocene). 

Genus Cyclolithella Loeblich & Tappan, 1963 
Cyclolithella cf. rotunda (Kamptner) Loeblich & Tappan, 1963 

Plate XXXV, figures 4- 6 

1948 Cyclolithus rotundus Kamptner, p. 6, pi. ii, fig. 19. 
Remarks. Circular ring of approximately 35 to 45 segments, which are dextrally 

curved if viewed from the distal side. Between crossed nicols, the four extinction bars 
also show on the distal side a slight dextral curvature. Specimens included here are 
rather flat and have no concentric groove on the outer rim such as can be seen in side 
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view (pi. XXXV, fig. 6). Kamptner's diagrammatical drawing of a specimen found in the 
Arnphistegina Marl (Tortonian) of the Vienna Basin shows similarity, but needs more 
study before it can be definitely characterized. Diameter : 6- 8 !L· 

Distribution. Rare or few examples from DWHH 14: 30- 32 cm, MP 40-1: 56- 63 
cm and DWBG 10: 25 cm (assemblage C, Miocene). Rare in the Catapsydrax dissirnilis 
Zone, Cipero Formation, Trinidad. 

Genus Helicosphaera Kamptner, 1954 
Helicosphaera interrnedial sp. nov. 

Plate XXXV, figures 1- 2 

Holotype. USNM 649 174 ; plate XXXV, figures 1- 2. 
Type-locality. Pacific deep-sea core BWBG 10, at 13- 15 cm, Miocene (approxi

mately equivalent to Catapsydrax dissirnilis Zone, Cipero Formation, Trinidad). 
Description. Coccoliths which show a helicoid form with an overlap of the distal 

(larger) plate in a clockwise direction if viewed from the distal side. The two plates are 
closely adpressed. The central opening is spanned by a bar running 20° to 30° to the 
long axis of the coccolith. In normal light this bar is obscure but becomes apparent be
tween crossed nicols (pi. XXXV, fig. 2). Both plates show delicate sectors vvith little dextral 
curvature when viewed from the distal side. Diameter: 11- 14 J.L· 

Remarks. H . interrnedia is similar to H . carteri in general outline, except that the 
overlapping distal plate forms a larger flange, and the bar across the central opening is 
nearly parallel to the long axis in H. interrnedia, thus showing affinities with H. serninu
lurn lophota, Bramlette & Sullivan (1961, p. 144, pi. iv, figs. 3- 4) from the Middle 
Eocene, while in H. carteri the bar is parallel to the short axis. 

Distribution. Present only in core DWBG 10 (assemblage C, Miocene), but frequent 
in the G. ciperoensis, G. kugleri and C. dissirnilis Zones of the Cipero Formation, Trinidad 
(Oligocene and Miocene). 

Genus Cocco1ithites Kamptner, 1955 
Coccolithites sp. I 

Plate XXXV, figure 3 

Description. Forms included here are oval-shaped and show 18-24 sectors, which 
become broader towards the outer margin. Sectors are slightly dextrally curved if 
viewed from the distal side, and apparently overlap each other a little. A small pore 
occurs in the centre of the plate. Between crossed nicols, Coccolithites sp. I shows weak 
birefringence and the extinction cross is therefore obscure. Diameter: 4-8 /L· 

Distribution. Rare in Pacific deep-sea core DWBG 10 (assemblage C, Miocene). 

Family THORACOSPHAERIDAE Kamptner, 1927 
Genus Thoracosphaera Kamptner, 1927 

Thoracosphaera imperforata Kamptner, 1955 
Plate XXXV, figures 11- 12 

1955 Thoracosphaera imperforata Kamptner, p. 37, pi. viii, fig. 98. 
1961 Thoracosphaera irnperforata, Stradner, p. 84, text-fig. 76. 
1963 Thoracosphaera impe1jorata, Kamptner, p. 179, pi. v, figs. 29, 31. 

1 intermedius, intermediate. 
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Remarks. Specimens found in Pacific deep-sea samples correspond with photographs 
published by Kamptner (1963, p i. v, figs. 29, 31), but show less similarity to his rather 
diagrammatical drawing (Kamptner, 1955, text-fig. 76). The single units of the sphere 
are irregularly shaped, and between crossed nicols are differently oriented in adjacent 
units. No buccal opening has been observed in our specimens. Diameter: 13- 23 P-· 

Distribution. Originally described from the late Tertiary of Rotti, and recorded 
also in the Palaeocene and Quaternary by Kamptner (1963). Rare in DWBG 10 
(assemblage C, Miocene). 

Family DrscoASTERIDAE Tan Sin Hok, 1927 
Genus D iscoaster Tan Sin Hok, 1927 

Discoaster exilis Martini & Bramlette, 1963 
Plate XXXVII, :figure 9 

1963 Discoastel' exilis Martini & Bramlette, p. 852, pl. civ, figs. 1- 3. 
Remarks. Rare well-preserved specimens correspond to the description and photo

graphs by Martini & Bramlette (1963) . The slender rays are slightly enlarged at their 
ends and notched. Specimens with excess calcification may be included in Discoastel' sp. 
(ciperoensis-group), to be described below. Diameter: 12- 16 f.l-· 

Distl'ibution. Originally recorded from the Globorotalia fohsi robusta Zone, Cipero 
Formation, Trinidad, from the lower part of the experimental Mohole cores, and from 
the "Elveziano" of Italy. Present in DWHH 14: 30- 32 cm (assemblage C, Miocene). 

Discoaster sp. I 
Plate XXXVI, figures 11- 12 

Description. Six-rayed, relatively thick forms with closed outline in most cases, but 
some show rays as short stumps with a notched outline. The rays are especia lly thick 
medially, and carry a distinctive edge on the more convex side. Generally, a very small 
pore is present in the centre. In side view one side is seen to be more convex than the 
other (pi. XXXVI, fig. 12). Diameter: 6-13 P-· 

Remarks. No specific name has been allocated to these discoasters because they 
might well represent immature forms of one or more species. 

Distribution. Rare or absent in MSN 151 P (assemblage A, Oligocene) . Rare but 
always present in samples with assemblages B and C (Oligocene and Miocene). 

Discoaster sp. ( ciperoensis-group) 
Plate XXXVII, figures 10- 11 

Comparable species. Discoaster sp. nov.l of plate XXXVII, figure 12, some other related 
but undescribed species from the Cipero Formation, and Discoaster exilis Martini & 
Bramlette (1963). 

Description. Forms included in this group are large, and show long rays with ends 
pointed or truncated. The large central area is divided by sutures separating the rays. 
Side views show the outline is rather flat, with one side very slightly more convex than 
the other. Only six-rayed specimens were found. Diameter: 15- 24 P-· 

1 Discoaster sp. nov. of plate XXXVII, figure 12, and Triquetrorhabdulus sp. of plate XXXVI, fi gure 6, 
are among the ca lcareous nannoplankton of the lower Cipero Formation of Trinidad, which are being studied 
by M. N. Bramlette and therefore are not named in this paper. 
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Distribution. Common in sample DWHH 14: 30- 32 cm with few in MP 40- 1: 
56- 63 cm (assemblage C, Miocene, corresponding to Catapsydrax dissimilis Zone, 
Cipero Formation, Trinidad). 

Discoaster sp. ( defiandrei-group) 
Plate XXXV, figure 10 and plate XXXVII, figures 3- 6 

Comparable species. Discoaster defiandrei Bramlette & Riedel and variants (1954, 
text-figs. la -c), related but undescribed forms from the Cipero Formation of Trinidad, 
an d Discoaster aff. defiandrei Martini & Bramlette (1963). 

Description. Forms with large central area and rays which distal ly are enlarged and 
bifid. Central knobs not visib le and sutural lines are conspicuous. Fairly common are 
six-rayed specimens with alternating rays fused together without sutures in the centre 
of the plate (pl. XXXV, fig. 10). One side is more convex than the other in side view, and 
in cross-section through a ray one side is more angular, and it is on this side the notch 
at the end of a ray reaches farther back along the median line than on the flatter side. 
F ive- and six-rayed specimens show all stages from well-separated to nearly-fused rays. 
Diameter: 10- 20 fl-· 

Remarks. Additional growth of calcite may produce form s which are not distinguish
able from Discoaster woodringi Bramlette & Riedel (1954, p . 400, pl. xxxrx, figs. 8a- b). 

Distribution. Abundant in all Pacific deep-sea cores (assemblages A, B and C, 
Oligocene and Miocene). 

Discoaster sp. (tani-group) 
Plate XXXVII, figures 1- 2 

Comparable species. Discoaster tani tani Bramlette & Riedel (1954), D. tani nodifer 
Bramlette & Riedel (1954), D. germanicus Martini (1958), D. binodosus Martini (1958). 

Description. Asteroliths with five or six, and rarely seven rays; generally are not en
larged at their ends, which are truncated or notched. Central knob is visible and sutures 
between the rays conspicuous; side view similar to that of the defiandrei-grou p (pl. XXXVII, 
fig . 3). Specimens with three alternating segments grown together in the centre of the 
asteroliths are fairly common . Diameter: 7- 13 fl-· 

Distribution. Common in MSN 151 P and 149 P (assemblages A and B, Oligocene), 
and less common or rare in samples stratigraphically higher (assemblage C, Miocene). 

Discoaster sp. (variabilis-group) 
Plate XXXVII, figures 7- 8 

Comparable species. Discoaster variabilis Martini & Bramlette (1963), D. distinctus 
Martini (1958), and related undescribed forms of the lineage D. distinctus- D. variabilis. 

Description. Asteroliths with five or six, rarely three or four rays. Central area rela
tively small, with central knob, from which median ridges extend along the rays; rays 
are slightly bent downwards in many specimens, with enlarged and notched or bifur
cated ends. Alternating rays may fuse together and sometimes the bases of all rays 
constitute a larger central region as seen in core MSN 149 P (pl. XXXVII, fig. 8). 
Diameter: 9- 15 fl-· 
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Disttibution. Rare in MSN 149 P (assemblage B, Oligocene) and few in younger 
samples (assemblage C, Miocene). 

Desctiption. 
Type-species. 

INCERT AE SEDIS 

Genus Furcatolithus gen. nov. 

Forms with cylindrical base and two spines arising from the upper end . 
Furcatolithus distentus sp. nov. 

Futcatolithus distentus1 gen. et sp. nov. 
Plate XXXV, figures 7- 9 

Holotype. USNM 649 175; plate XXXV, figures 8- 9. 
Type-locality. Pacific deep-sea core MP 40- 1, at 56- 63 cm; Miocene (approxi

mately equivalent to Catapsydmx dissimilis Zone, Cipero Formation, Trinidad). 
Desctiption. Forms w'th cylindrical base, slightly enlarged at the proximal end, and 

built of four calcite units apparently arranged parallel with the long axis of base. From 
the smaller (distal) end of the base two long spines dive rge at an angle of about 90°. 
Base and spines lie in one plane (pi. XXXV, fig. 7). Length: 9- 13 p... 

Remarks. Related forms are present in the Globigerina ciperoensis Zone, Cipero 
Formation, Trinidad, but they are smaller with shorter spines. 

Distribution. Rare to few in samples MP 40- 1: 56- 63 cm and DWHH 14: 30- 32 
cm (assemblage C, Miocene). 

Genus Sphenolithus Deflandre, 1952 
Sphenolithus pacificus2 sp. nov. 

Plate XXXVI, figures 7- 10 

Holotype. USNM 649 176; plate XXXVI, figures 9- 10. 
Ty pe-locality. Pacific deep-sea core DWBG 10, at 13- 15 cm, Miocene (approxi

mately equivalent to Catapsydrax dissimilis Zone, Cipero Formation, Trinidad). 
Description. The 10- to 13-rayed basal plate is rosette-shaped and concave on the 

proximal side. The rays show slight dextral curvature in proximal view. The basal 
plate, which is found fairly commonly isolated (pi. XXXVI, figs . 7- 8), carries a hem i
spherical mass, bui lt of radiating rods of calcite which may be connected by small cross
bars. Diameter: 4- 7 f-L· 

Renzarlu. This species differs from all others attributed to Sphenolithus in having a 
distinctive basal plate and a hemispherical upper part which is not pointed. 

Distribution. Present in all Pacific deep-sea samples, and especially common in 
assemblage C, Miocene. Common in the Catapsydrax dissim£/is, Globorotalia kugleri 
and Globigerina ciperoensis Zones, Cipero Formation, Trinidad. 

Genus Triquetrorhabdulus gen. nov. 
Description. Three-edged rods, with pointed, rounded or truncated ends. Optic 

axis of the calcite approximately at right angles to the length of rod. 
Type-species. Triquetrorhabdulus carinatus sp. nov. 

1 distentus , well separated. 
2 Named after Pacific Ocean. 
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Triquetrorhabdulus carinatusl gen. et sp. nov. 
Plate XXXVI , figures 1- 3 

Holotype . USNM 649 177; p late XXXVI, figures 1- 2. 
Type-locality. Pacific deep-sea core MSN 149 P: 313- 316 cm, Oligocene (approxi

mately equivalen t to Globorotalia kugleri Zone, Cipero Formation, Trinidad). 
Description. Forms elongated with both ends more or less pointed. The three 

calcite rods show the same diameter when vievved from one end; they are placed at 
120° to each other. In polarized light forms show maximum extinction when parall el 
to crossed nicols. L ength: 9- 15 fL· 

Remarks. Specimens from the Globorotalia kugleri Zone of the Cipero Formation , 
Trinidad , are more slender and may reach a length of 24 fL· 

Distribution. Common in MSN 149 P (assemblage B, Oligocene), and in the Globo-
1'0talia kugleri Zone of the Cipero Formation, Trinidad ; the species seems to be restricted 
to that zone. 

Triquetrodwbdulus sp. 
Plate XXXVI, figures 4- 6 

Description. Forms with one end pointed and the other slightly truncated . E nd 
view shows that one of the three calcite rods is larger than the other two. Like T. 
carinatus these forms show maximum extinction parallel to crossed nicols. Length: 
12- 22 fL· 

R emarks. The form figured on plate XXXVI, figu re 62 , common in the Catapsydrax 
dissimilis Zone of the Cipero Formation, Trinidad, is believed to be the same species 
but is less calcified and therefore shows much more detail. 

Distribution. Common in DWBG 10 and DWHH 14 (assemblage C, Miocene), 
and also in the Catapsydrax dissimilis Zone of the Cipero Formation, Trinidad; appar
ently restricted to this zone. 
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PLATE XXXIII 
All specimens x 550 

Figure 1. Middle Eocene ca lca reous nannoplankton . DWBG 23 B (Catcher) ; 16° 42 'S., 
145° 48' W. In add ition to rosette-shaped discoasters (D. batbadiensis) of the :\liddle 
Eocene, large coccoliths of Lophodolithus (l eft side) and Coccolithus (upper right corner) 
are the main elements. 

Figure 2. Middle Miocen e calcareous nan noplan k ton . EM 7- 3: 15- 17 cm; 28° 59 ' ~ ., 117° 30' 
W. The assemblage consists main ly of slender-rayed discoasters (D. exilis) and oval
shaped coccoliths (C. pelagicus, right co rner and centre). 

Fiaure 3 . Mid-Tertiary calcareous nannoplankton . :VISN 151 P: 127- 130 cm; 11 ° 03' N ., 
142° 28 ' \V. Discoasterids of th e defiandrei-group are the dominant forms but in the upper 
right corner note broken pieces of oval-shaped coccoliths (C. pelagicus) . 

Figure 4. M id-T erti ary calcareous nannoplankton. :YIP 40- 1 : 56- 63 cm ; 15° 32' ., 177° 32' 
\ V. Oval-shaped coccoliths and di scoasterids of the defiandrei- and ciperoensis-groups are 
the most common forms. 

Figure 5 . Mid-T ertiary calcareous nannoplankton. D\t'/HH 14: 30- 32 cm; 14° 28 ' S., 135° 29 ' 
W. Similar to fig. 4, and the large discoasters of the ciperoensis-group are characteristic. 
In the upper left corner note the elongated Triquetrorhabdulus. 

Figure 6. Lower :vliocene calcareous nannoplankton. Trinidad TLL 206 264, Cipero Forma
tion, Catapsydra:.;; dissimilis Zone. Large discoasters (see pi. XXXYI, fig. 12), oval-shaped 
coccoliths (C. pelagicus) and Triquelrorhabdulus (rod in the lower right quadrangle) are 
distinctive forms. 



PLATE XXX I\' 
All specimens x 2000 

Figures 1- 2. Coccolithus pelagicus (Walli ch) Schiller. 1, 2, distal \·iell"s; 2, polarized light, long 
axis parallel to cross wire. lVISN lSl P: 127- 130 cm . 

Figure 3. Coccolithus pelagicus (Wa ll ich) Schill er. S ide \ iew. D\VHH 14: 30- 32 cm. 
Figures 4- 5. Coccolithus aff. pelagicus (Walli ch) Schill er. 4, 5, distal views; S, polarized light, 

long axis parall el to cross ·wi re. DWBG 10: 13- 15 cm. 
Figures 6- 7. Coccolithus sp . I. 6, 7, distal views; 7, polarized light, long axis S0 to cross wire. 

DWBG 10: 13- 1S cm. 
Figures 8- 9. Coccolithus sp. II . 8, 9, proximal views; Y, polarized light, long axis S0 to cross 

wire. DWBG 10 : 13- l S cm. 
Fiuutes 10- 12. Coccolithus tenuisttiatus Kamptn er. 10, I i , proximal vie\\'S; 11, polarized light, 

long axis parallel to cross wire . 12, side view. :\IS:\ lSl P : 127- 130 cm. 



PLATE XXXIV 
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PLATE XXXV 

r-----~-------+------~30 



PLATE XXXV 
All specimens x 2000 

Figures 1- 2. Helicosphaera intermedia sp. nov. Holotype, USNM 649 174. 1, 2, distal views; 2, 
polarized light, long axis 45 ° to cross wire. DWBG 10: 13- 15 cm. 

Figure 3. Coccolithites sp. I. Distal view. DWGB 10: 25 cm. 
Figures 4- 6. CycLolithella cf. 1'0tunda (Kamptner) Loeblich & Tappan. 4, 5, distal views; 5, 

crossed nicols ; 6, side view. DWHH 14: 30- 32 cm. 
Figures 7- 9. Furcatolithus distentus gen. et sp. nov. 7, proximal view. DWHH 14: 30- 32 cm. 

8, 9, holotype, USNM 649 175, side views; 9, polarized light, length of cylindrical base 
45 ° to cross wire. MP 40- 1: 56- 63 cm. 

Figure 10. Discoaster sp. (diflandrei-group). Six-rayed specimen showing alternating rays grown 
together. l\IISN 151 P: 150 cm. 

Figures 11- 12. Thoracosphaera impe1jorata Kamptner. 11, median focus; 12, high focus, 
crossed nicols. DWBG 10: 13- 15 cm. 



PLATE xxxn 
All specimens x 2000 

Figures 1- 2. Triquetrorhabdulus carinatus gen. et sp . no\·. 1, 2, holotype, L"S:\l\1 649 177, side 
views; 2, polarized light, long axis 45 ° to cross wire. :\IS.\! 149 P: 313- 316 cm. 

Figure 3 . Triquetrorhabdulus carinatus gen. et sp. nov. Side \·iew. Trinidad TLL 206 262, 
Cipero Formation, Globorotalia hugleri Zone. 

Figures 4- 5. Triquetrorhabdulus sp. 4, 5, side vi ews; 5, polarized light, long ax is 45 ° to cross 
wire. DWBG 10 : 13- 15 cm. 

Figw·e 6. Triquetrorhabdulus sp. Side \·iew. Trinidad TLL 206 264, Cipero Formation, Cata
psydrax dissimilis Zone. 

Figures 7- 8. Sphenolithus pacific us sp . nov. 7, 8, distal views of a detached basal plate; 8, crossed 
nicols. DWHH 14 : 30- 32 cm. 

Figures 9- 10. Sphenolithus pacificus sp. nov. 9, 10, holotype, US.\TM 649 176, side views; 10, 
polarized I ight, long axis parall el to cross wire. DWBG 1 0: 13- 15 cm . 

Figures 11- 12. Discoaster sp. I, six-rayed spec imen with closed outline. MSN 149 P: 313- 316 
cm. 12, side view of a six-rayed specimen. MSN 151 P : 127- 130 cm. 
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PLATE XXXVII 
All specimens x 2000 

Figures 1- 2. Discoaster sp. (tani-group). 1, five-rayed specimen, MSN 149 P: 313- 316 cm. 2, 
six-rayed specimen, MSN 151 P: 150 cm. 

Figures 3-6. Discoaster sp. (deflandrei-group). 3, side view, MSN 151 P: 127- 130 cm. 4-6, 
six-rayed specimens showing considerable morphological variation. MSN 149 P: 313- 316 
cm. 

Figures 7- 8. Discoaster sp. (variabilis-group ). 7, five-rayed specimen; 8, six-rayed specimen. 
MSN 149 P: 313- 316 cm. 

Figure 9. Discoaster exilis Martini & Bramlette. Six-rayed specimen. DWHH 14: 30- 32 cm. 
Figures 10- 11. Discoaster sp. (ciperoensis-group ). 10, six-rayed specimen; 11, side view of a 

six-rayed specimen . DWHH 14: 30- 32 cm. 
Figure 12. Discoaster sp. nov. Six-rayed specimen, Trinidad TLL 206 264, Cipero Formation, 

Catapsydmx dissimilis Zone. 



Discussion 
Dietz Do you agree with the statement made recently by Ericson and Wallis that the 
coccoliths go back as far as the Cambrian? Do you also agree with the suggestion that the 
extinction of the discoasters marks the most appropriate boundary between the Tertiary 
and the Pleistocene? 

Martini The oldest known occurrences of coccolithophorids are in the lowest Jurassic. 
Older occurrences reported by Gumbel, some decades ago, and by Noel (1961) from the 
Cambrian and other Palaeozoic rocks have not been confirmed. It is true that discoasters 
can be used in sediments from the Pacific and Atlantic Oceans to mark a Pliocene/ 
Pleistocene boundary, but the so-called extinction of discoasters at the end of the Pliocene 
began in the lower part of the Upper Pliocene, so that only a few species occur in the 
upper parts, and only one species (D. brouweri) seems to extend up to the boundary. 
Another question is whether this boundary, marked by the extinction of most discoasters, 
is traceable in the type-section in southern Italy . 

Funnel! Discoasters can be readily reworked into Pleistocene sediments and thus make 
the boundary problem difficult to solve. 

Funnel! Dr. Martini has studied two Monsoon cores (MSN 149P and MSN 151P), 
which contain a rather unusual microfossil assemblage in that planktonic forms are 
apparently entirely absent. This condition seems to be produced when accumulation 
occurs at, or near, the calcium carbonate compensation-depth and planktonic foramini
ferids are apparently dissolved in preference to benthonic forms . Does Dr. Martini 
think that the composition of the calcareous nannoplankton assemblages in these cores 
has been affected by solution? 

Martini If the foraminiferids have been dissolved in the two cores MSN 149P and 
MSN 151P, the calcareous nannoplankton should also have been dissolved, but both 
cores contain abundant discoasters, except in core MSN 151P, samples 80 cm and 110 cm. 
The more fragile coccoliths are also common, although they are relatively few compared 
with the discoasters. I cannot see how solution could affect the forarniniferids without 
at the same time attacking the calcareous nannoplankton. 
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