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CALCAREOUS 
OF THE LATE 

NANNOPLANKTON AND BIOSTRATIGRAPHY 
PLIOCENE-PLEISTOCENE-RECENT SEDIMENTS 
IN THE SUBMAREX CORES 

Calcareous nannoplankton floras from Pleistocene and Pliocene sediments 
drilled and cored on the Nicaragua Rise permit subdivision of the section into 
five biostratigraphic zones. Four of these were described previously, but one, the 
Sphenolithus abies Zone, is new and replaces the previously proposed Discoaster 
extensus Zone. The Pliocene-Pleistocene boundary is placed at the level of extinction 
of Discoaster brouweri, and an age of 1.8 million years for this datum is considered 
likely. 

The following new taxa are described : Suborder Syracosphaerineae; Family 
Calyptrosphaeraceae; Subfamilies Discosphaeroideae and Scyphosphaeroideae; Tri
bes Gephyrocapseae, Cyclococcolitheae, and Umbilicosphaereae; Genera Cras
sapontosphaera, Kocyzia, and Ellipsodiscoaster; and the species Crassapontos
phaera jonesi, Koczypia lepida, Scyphosphaera coheni, Scyphosphaerac antilleana, 
and Ellipsodiscoaster lidzi. The Family Cyclococcolithoidae Hay & Mohler is vali
dated, and necessary emendations and new combinations are proposed. 

Las floras de nannoplankton calcarea de los sedimentos pleistocenos y pliocenos 
nallados en los testigos de los sondeos de "Nicaragua Rise", permiten Ia subdi
vision de Ia secci6n en cinco zonas bioestratignificas. Cuatro de elias fueron des
critas anteriormente, pero Ia zona de Sphenolithus abies· es nueva y reemplaza 
a Ia zona de Discoaster extensus, anteriormente propuesta. El limite Plioceno
Pleis toceno se situa a! nivel de Ia extinci6n de Discoaster brouweri atribuyendo
sele una edad absoluta probable de 1,8 millones de afi.os. 

Se describen los siguientes nuevas "taxa": Suborden Syracosphaerineae; Fa
milia Calyptrosphaeraceae; subfamilias Discosphaeroideae y Scyphosphaeroideae; 
Tribus Gephyrocapseoo, Cyclococoolitheae y Umbilicosphaereae; Generos Cras
sapontosphaera Koczyia y Ellipsodiscoaster; Especies Crassapontosphaera jonesi, 
Koczyia lepida, Scyphosphaera coheni, Scyphosphaera antilleana y Ellipsodiscoas
ter lidzi. Se reafirma Ia validez de Ia Familia Cyclococcolithoideae Hay y Mohler 
y se proponen enmiendas y nuevas combinaciones. 
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INTRODUCTION 

Calcareous nannofossils have been demons
trated to have great value as stratigraphic in
dicators in the Paleocene, Eocene, Oligocene, 
and Miocene (Hay et al., 1967; Hay & Mohler, 
1967; Bramlette & Wilcoxon, 1967). They have 
not been so thoroughly studied in younger se
diments, but there have been indications that 
they may be very useful in solving the difficult 
problems of Pliocene and Pleistocene marine 
stratigraphy. 

The greatest obstacle to establishing nanno
fossil stratigraphy in Pliocene and Pleistocene 
strata is the lack of suitable samples from con
tinuous sections. Pliocene and Pleistocene se
diments developed in the pelagic facies requi
red for primary nannofossil investigation are 
exposed on land only in areas of major tecto
nic activity. In these areas, sedimentation has 
tended to be rapid, and there is usually an 
abundance of reworked older material which 
obscures the stratigraphic succession. The 
obvious site for sections of pelagic sediments 
of this age is in the deep sea. However, until 
recently the longest cores which could be taken 
were only a few tens of meters long, and could 
not span the necessary interval except where 
hiatuses shortened the section. 

Interest in longer drilled cores in the dezp 
sea was spurred by the experimental Mohole 
located about 65 km. east of the southeast end 
of Guadalupe Island off Baja California. The 
highly interesting results of this new method 
of marine geological investigation encouraged 
the development of more sophisticated deep 
sea drilling equipment which has culminated 
in the construction of the vessel Glomar Chal
lenger currently engaged in an extensive pro
gram of exploration in the Atlantic and Pacific 
Oceans under the direction of JOIDES (Joint 
Oceanographic Institutions Deep Earth Sam
pling Project). 

In 1963, before JOIDES was organized, the 
University of Miami, supported. by the Natio
nal Science Foundation, obtained use of the 
drilling vessel Submarex of Global Marine. 
The Submarex is a 298 ton ship capable of 
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drilling to a limited depth in water not more 
than 800 meters deep. A site was selected on 
the Nicaragua Rise between Walton Bank and 
Jamaica, and in December, 1963, the coring 
operation was carried out in spite of adverse 
weather and sea conditions. 56 .4 meters of 
sediment were penetrated, and 20.7 meters of 
sediment recovered. Piston cores taken later 
at the drilling site increased recovery to 40.5 %. 

Morphologic terminology of the nannofossils 
is that given in Hay, Mohler, & Wade (1966) . 
The excellent index and bibliography of the 
calcareous nannoplankton prepared by Loe
blich & Tappan (1966) has been an invaluable 
aid to taxonomic work with the nannoplan
kton. 
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BIOSTRATIGRAPHY OF THE 
SUBMAREX SECTION 

A detailed description of the lithology of the 
cored section and the general structural trend 
of sediments in the area of the coring site has 
been presented by Bolli et al., 1968. The bulk 
of the sediments are calcareous foraminiferal
pteropod ooze with abundant nannoplankton 
as a fine matrix. Occasional fragments of 
other organisms, such as worm tubes, bryozoa, 
echinoderms, mollusk shells, and otoliths are 
intermixed in the fine carbonate ooze. There 
are a few layers of almost pure pelagic fora
miniferal sand nearly free of fine carbonate 
matrix. 

Piston core P6407-9 penetrated 106 em. of the 
surface sediments; piston core P6407-10 pene
trated 217 em. of the surface sediments at a 
slightly different location. There are no ob
vious differences between the piston cores and 
levels within them are readily correlated by 
depth below the surface. 

The Submarex long cores began at 549 em. 
below the surface and penetrated to 5,634 em. 
with a few gaps due to incomplete recovery, 
as noted in Figure 1. Samples chosen for this 
study were taken at selected strategic points 
along the cores to give an overall picture of 
distribution within the section. Preliminary 
results of the study have been presented by 
Hay & Boudreaux, 1968. 

The Submarex cores were originally reco
vered as segments, labeled E-1 , E-3 , E-4, D-4, 
and D-5, indicated on Figure 1. For simplicity, 
the following discussion refers only to depths 
below the sea floor in the reconstructed long 
core. 

Figure 1 is a range and population chart of 
the species encountered in the Submarex sec
tion. Parts of the section not recovered dur
ing the coring procedure are indicated on the 
figure. 

A number of species occur throughout the 
sequence and cannot be used for stratigraphic 
subdivision of the cored interval: Cyclococco
lithus leptoporus (Lohmann), Umbilicosphaera 
mirabi li s Lohmann, Rhabdosphaera clavigera 
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Murray & Blackman, Syracosphaera histric'l 
K a m p t n e r , Pontosphaera scutellum Kamp
tner, H elicopontosphaera kamptneri Hay & 
Mohler, Koczyia lepida n. gen., n . sp., Thora
cosphaera heimi (Lohmann), Thoracosphaera 
saxea Stradner, Discoaster perplexus Bram
lette & Riedel, Oolithotus antillarum (Cohen), 
and Ceratolithus cristatus Kamptner_ 

Several species are restricted to the piston 
cores which penetrate the upper layers of se
diment: Emiliania huxleyi (Lohmann), Aspi
dorhabdus stylijer (Lohmann), Discosphaera 
tubijera (Murray & Blackman), and Pontos
phaera discopora Schiller. 

Syracosphaera pulchra Lohmann is found 
sparingly from the surface down to 2,474 em. 

E llipsodiscoaster lidzi n. gen., n . sp. occurs 
from the surface down to 4,090 em., but is 
most abundant in the piston cores. 

Gephyrocapsa caribbeani ca B o u d r e au x & 
Hay ranges from the top of the drilled cores, 
where it is very abundant, to the base of the 
cored interval. 

Crassapontosphaera jonesi n. gen., n . sp., 
occurs from 983 em. to the base of the cores. 

Coccolithus pelagicus (Wallich), Discoaster 
brouweri Tan Sin Hok, Scyphosphaera cam
panula Deflandre, and Scyphosphaera rect'l 
Deflandre range from 2,354 em. to the base 
of the cores. 

Di scoaster pentaradia!tus Tan Sin Hok and 
Discoaster extensus Hay occur from 4,725 em. 
to the base of the cores. 

Scyphosphaera apsteini Lohman, Scyphos
phaera coheni n. sp., Scyphosphaera anti llea · 
nJa n. sp., Braarudosphaera bigeZowi (Gran 
& Braarud), Braarudosphaera perversa Sulli
van, and Anthosphaera quatricornu (Schiller) 
are rare and found at irregular intervals in 
the cores. 

Sphenolithus abies Deflandre is found only 
in samples from the lowermost drilled core, 
at 5,634 em. 

Discoasiter nephados Hay is rare at 4,090 
em., and the specimens are interpreted as being 
reworked from older strata exposed in the re
gion. 
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The paleotemperature scale suggested by 
Emiliani from analysis of the oxygen 16/ 18 ra
tios (in Bolli et al., 1968) can be used to indi
cate temperature sensitivity of some nanno
fossil species. Coccoli!thus pelagtcus, Discoas
ter brouweri, Scyphosphaera campanula, and 
s. recta are found only in relatively colder 
samples of the middle and lower section. As 
noted by Mcintyre & Be ( 1966a, 1966b ) and 
Mcintyre (1967),Coccolithus pelagicus does not 
occur at present in the tropics, but is restric
ted in the North Atlantic to the region north 
of the 14° c isotherm. Discoa~ter brouweri, 
which became extinct with the climatic fluc
tuations of the late Pliocene, seems to have 
been more common in colder waters also, al
though this cannot be conclusively demonstra
ted at present. Other species discussed by 
Mcintyre (1967) are tropical or subtropical and 
occur throughout cores from the Nicaragua 
Rise, except for Aspidorhabdus stylijer. This 
species is found only in the piston cores taken 
at the Submarex site, and its absence from 
older samples may indicate the time of its evo
lution. 

ZONATION OF THE LATE 
PLIOCENE-PLEISTOCENE-RECENT 

Boudreaux & Hay (in Hay et al., 1967) have 
proposed five zones recognizable in the Sub
marex cores. Zone limits are based on the 
first or last appearance of a single species of 
nannofossil in each case. The names and de
finitions of the zones are reproduced here, and 
the lowest zone is renamed and redefined. 

SPHENOLITHUS ABIES ZONE 

Definition: Interval from the last occurrence 
of Discoaster surculus Martini & Bramlette 
to the last occurrence of Sphenolithus abies 
Deflandre. 

Authors: Boudreaux & Hay, this paper. 

Type locality: Submarex Hole, Lat. 17°40' N, 
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Long. 77"58' W, on the Nicaragua Rise; sec
tion D5, 5,6.:34 em. (D5- 1644 em.) . 

Common species: H>eli lcopontosrphaera 
kamptrveri Hay & Mohler, Umbilicosphaera m i 
rabilis Lohmann,Cyclococcolithus l'eptoporus 
(Murray & Blackman), Gephyrocapsa caribbea
nica Boudreaux & Hay, Scyphosphaera cam
panula Deflandre, Oolithotus antillarum (Go
hen), Discoaster pentamdiatus Tan Sin Hok, 
Discoaster brouweri Tan Sin Hok, Discoaster 
extensus Hay (rare), and Sphenolithus abies 
Deflandre. 

Remarks : The species Discoaster extensus 
(Hay) was established to permit a narrower 
definition of Discoaster variabilis (Martini & 
Bramlette). The holotype of D . variabilis is 
from Tortonian strata, and possesses a distinc
tive, highly sculptured center. Less distinctive 
discoasters having the same general outlinP, 
but lacking the distinctive sculpture range 
from the Tortonian to near the top of the 
Pliocene. The taxon "D. variabilis" was used 
by Wray & Ellis (1965), Akers '(1965), and others 
to refer to discoasters in the late Pliocene 
which lack the crips features of the holotype. 
Accordingly, Hay (in Hay et al., 1967) propo
sed the taxon "D. extensus" for the longer 
ranging less distinctive forms. Boudreaux & 
Hay (in Hay et al., 1967) proposed the term 
"Discoaster ext ens us Zone". At the time is was 
thought that the extinction level of D. exten
sus might serve as a useful level for correla· 
tion, and the Discoaster extensus Zone was 
defined as having its upper limit determined 
by the disappearance of Discoaster extensus. 
Subsequent study of sections in other areas 
has shown that extinction level of Spenoli
thus abies Deflandre is more reliable and use
ful, and it is here proposed to drop the term 
Discoaster extensus Zone and to replace it 
by the approximately equivalent term Spe
nolithus abies Zone. The last appearance of 
Discoaster extensus (listed inadvertantly as 
Discoaster variabilis on Figure 13 in Hay et al., 
1967) is in the penultimate drilled core of the 
Submarex series, while Sphenolithus abies oc
curs · only in the lowest drilled core. 



FIGURE I. CALCAREOUS NANNOPLANKTON DISTRIBUTION AND ZONATION IN SUBMAREX SECTION . 

P6407 ·9 0 

P6407 -10 

ZONE CORE LOSS 

E 1-64 
--,-

IIIIIII 
--.-- I 

: ,-. 
E I· 4 3 4 1000 -- --

w 
z 
w 
u 

G CARIBBEANICA ZONE 0 
1-

CORE LOSS 
~ 
w ABUNDANT 
...J 
0.. 

2000 
COMMON 

E3-~45 [3 - 574 IIII!I' I I I f " ~!:oyj' f'""'X E3·69 4 

E3-B34 
SPARSE 

E3 · 974 -- -- --
3000 

CORE LOSS RARE 

w 
z 

(4 - 1074 III III:-::-: II~-
w 
u 

(4 - 1264 4000 Q 
...J 

E4 -132 4 0.. 

a: 
w 

CORE LOSS 0.. 
0.. to :J g 04 - 1534 IIIIII· · · · ·:::cl 

tj 
5000 ~ 

CORE LOSS trl 
~ q 

0 5-164 4 - IT I TIT T ~ 

~ 
~ 

<:11 ~ 
c.:> K1 



BOUDREAUX, HAY 

DISCOASTER BROUWER! ZONE 

Definition: Interval from the last occurrence 
of Sphenolithus abies Deflandre to the last 
occurrence of Discoaster brouweri Tan Sin 
Hok. 

Authors: Boudreaux & Hay, 1967. 
Type locality: Submarex Hole, Lat. 17° 40' N., 

Long. 77° 58' W., on the Nicaragua Rise; sec
tions D4, E4, and E3 from 2,354.5 em. through 
4,725 em., lower limit within the gap between 
sections D4 and E4. 

Common species : Those of the Sphenolithus 
abi,es Zone, less : Spenolithus abies Deflandre 

Remarks : The lower limit of this zone is 
here redefined.This unit can be readily subdivi
ded in many areas by the level of disappearan
ce of Discoaster pentaradiatus Tan Sin Hok. 
Discoaster extensus Hay is present in some 
areas, but apparently absent in other regions. 

GEPHYROCAPSA CARIBBEANICA ZONE 

Definition: Interval from the last occurrence 
of Discoaster brouweri Tan Sin Hok to the 
first occurrence of Gephyrocapsa oceanica 
Kamptner. 

Authors: Boudreaux & Hay, 1967. 
Type Locality: Submarex Hole, Lat. 1 T 40' N ., 

Long. 77° 58' W., on the Nicaragua Rise; sec
tions E3 and E1, from 613 em. to 2,354 em. 

Common species : Those of the Discoaster 
brouweri Zone, less : Discoaster brouweri Tan 
Sin Hok, Discoaster pentaradiatus Tan Sin 
Hok, Discoaster extensus Hay, Scyphosphaera 
campanula Deflandre, and (in this area), Coc
colithus pelagicus (Wallich); plus: Syracos
phaera pulchra Lohmann. 

Remarks : The definition of this zone has not 
been altered. Resons for considering the base 
of this zone to approximate the Pliocene-Pleis
tocene boundary are presented in the discus
sion below. 

GEPHYROCAPSA OCEANICA ZONE 

Definition : Interval from the first occurren
ce of Gephyrocapsa oceanica Kamptner to the 

254 

first occurrence of Emiliania huxleyi (Loh
mann). 

Authors: Boudreaux & Hay, 1967. 
Type locality: Submarex Hole, Lat. 17° 40' N., 

Long. 77° 58' W., on the Nicaragua Rise; sec
tion E1 above 613 em. 

Common species : Those of the Gephyrocapsa 
caribbeanica, Zone, plus : Cyclolithella annula 
(Cohen) and Gephyrocapsa oceanica Kampt
ner. 

Remarks: The definition of this zone remains 
unchanged. Gephyrocapsa caribbeanica Bou
dreaux & Hay is very abundant at the base of 
this zone, but becomes extinct within it, pro
viding a potentially useful means of subdivi
sion. 

EMILIANIA HUXLEY! ZONE 

Definition : Interval above the first occurren
ce of Emiliania huxleyi (Lohmann). 

Authors: Boudreaux & Hay, 1967. 
Type locality: Submarex site piston cores, 

P6407-9 and P6407-10, Lat. 17• 40' N., Long. 
n · 58' W., on the Nicaragua Rise; 0-220 em. +· 

Common species : Those of the Gephyrocapsa 
oceanica, Zone, less: Gephyrocapsa caribbea
nica Boudreaux & Hay, plus: Emiliania hux
leyi (Lohmann), Discosphaera 'tubifera (Murray 
& Blackman), and Pontosphaera discopora 
Schiller. 

Remarks: No revision of the definition of 
this zone is necessary. Aspidorhabdus stylifer 
(Lohmann) may have its first occurrence in 
this zone. 

CORRELATION 

Correlation of the Submarex section with 
other areas has been discussed by Bolli e·t al. 
(1968). Since that paper went to press, however, 
a number of new contributions to the study of 
Pliocene and Pleistocene deep sea sediments 
have appeared. Mcintyre et al. (1967) have dis
cussed the change in coccolith assemblages 
across the "Pliocene-Pleistocene" boundary of 
Ericson et al. (1963) in the Lamont "type" co
res. Bolli et al. noted that the faunal and floral 
changes listed by Ericson et al. as occuring 
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across the "Pliocene-Pleistocene" boundary 
over a distance of 8 em. in the Lamont cores I 
occur over a distance of 30 meters in the Sub
marex cores. The suggestion that an hiatus is 
present in the Lamont cores has been confir
med by the study of Mcintyre et al. They 
noted the presence of abundant discoasters 
below the boundary while relatively few, less 
well preserved discoasters were found above 
the boundary. They figured two species, Dis
coaster brouweri and D . challengeri (which 
may be a specimen of D . extensus ). On the 
basis of this it may be suggested that the "Plio
cene" of Ericson et al. is probably not the 
latest Pliocene, but belongs to the Spheno
lithus abies or early Dis coaster brouweri 
Zone. Mcintyre et al . noted the occurrence of 
Gephyrocapsa ocectrvica above the boundary, 
suggesting that the "Pleistocene" of Ericson 
et al. is not the oldest Pleistocene, but is refe
rable to the Gepryrocapsa oceanica Zone. This 
indicates that the Discoas,ter brouweri Zone 
and Gephyrocapsa caribbeanica Zone are mis
sing at the "Pliocene-Pleistocene" boundary of 
Ericson et al. 

Berggren et al. (1967) have described the oc
currence of planktonic foraminifera and dis
coasters in cores from the Atlantic. They noted 
the extinction of discoasters to occur just after 
the appearance of Globorotalia truncatulinoi
des, and correlated these levels with the top of 
the Olduvai paleomagnetic event. In the Subma
rex cores, the ultimate extinction of Discoaster 
brouweri occurs at 2,350 em., a point only 
30 em. above the level at which Globorotalia 
truncatulinoides becomes abundant. Globorota
lia tosaensis, the precursor of G. truncatulinoi 
des, occurs consistently only in the lower part 
of the Submarex cores, below 4,600 em., but 
G. truncatulinoides is also present in basal Sub
marex samples. The order of the events, (1) ap
pearance of G. truncatulinoides, (2) disappea
rance of D. tosaensis, and (3) disappearance of 
discoasters, particularly the ultimate disappea
rance of D. brouweri, is the same in the sections 
described by Berggren et al. and by Bolli et al. 
However, the changes occur over a relatively 
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short stratigraphic interval in the Chain cores 
described by Berggren et al. compared with 
the Submarex cores described by Bolli et al., 
and the possibility of one or more hiatuses in 
the Chain cores might be considered. 

AGE OF THE PLIOCENE-PLEISTOCENE 
BOUNDARY 

Hay & Boudreaux (19682 and Bolli et al. 
(1968) have presented an argument for conside
ring the base of the Calabrian in the type sec
tion for mePhocene-Pleistocene boundary to 
b~700.0QQ years old. The correlation into the 
type section was, for these authors, based on 
the lev~ of extinction of Discoaster brouweri. 

Banner & Blow (1965) defined the base of 
their R 2-2 ZOne oy the appearance of Globoro
talia truncatulinoides, and indicated that this 
species had its first occurrence at the base of 
the Calabrian in the type area. Berggren et al . 
(1967) have correlated the evolutionary appea
rance of G. truncatulinoides with the top of the 
Olduvai paleomagnetic event, which is thought 
to be about 1,800,000 years ago. Following the 
appearance of Globorotalia truncatUzinoides in 
the type Calabrian, Berggren et al. have assig
ned the age of 1,800,000 years to the base of the 
Pleistocene. 

Although the two age determinations seem at 
first to be quite conflicting, the correlations are 
based on similar micropaleontological eviden
ce; the discrepancy is due to correlation of mi
cropaleon:toiOgic· events with paleomagnetic 
events. The sequence of micropaleontologic 
events (1) appearance of Globorotalia truncatu
linoides then (2) disappearance of rayed dis
coasters is apparently the same in the Chain 
cores, the Submarex cores, and at the Pliocene
Pleistocene boundary in the type area. The age 
determination of 700,000 years given by Hay 
& Boudreaux and by Bolli et al. was based on 
correlation of the level of extinction of Discoas
ter brouweri in the Pliocene-Pleistocene boun
dary type section at Le Castella with the level 
of dis~ppearance of that species in Swedish 
Deep Sea Expedition cores 58 and 62, des; ri
bed by Riedel et al. (1963), which was in tum 
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correlated with the last geomagnetic reversal 
by Harrison & Funnell (1964). The age determi
nation of Be ren et al. (1967) was based on 
the level of appearance of Globorotalia trunca
tulmoides in the Chain cores being near the top 
of the Oldovai paleomagnetic event determined 
in the same cores, and would appear to be a 
more reliable estimate. 

SYSTEMATIC PALEONTOLOGY 

Kingdom PLANTAE 
Subkingdom PROTOBIONTA 

Division CHRYSOPHYTA 
Class COCCOLITHOPHYCEAE Rothmaler, 1951 

Definition: Chrysophytes which secrete coc
coliths. 

Order HELIOLITHAE Deflandre, 1952 

Definition: Coccolithophores bearing coc
coliths constructed of many crystallites either 
all alike or different, generally having a sphe
rulitic appearance in polarized light. 

Suborder COCCOLITHINEAE Kamptner, 1928, 
emend. 

Definition: Non-motile coccolithophores, ge
nerally characterized by a complete cover of 
sturdy, solidly constructed coccoliths. Bet
ween crossed polarizers, the coccoliths show 
simple interference figures for at least one 
shield. 

Family COCCOLITHACEAE Kamptner, 1928, emend. 
Hay & Mohler, 1967 

Definition: Coccolithophores bearing pla
coliths; proximal shield producing an interfe
rence figure, distal shield dark or faintly illu
minated in two quadrants between crossed po
larizers. 

Subfamily COCCOLITHOIDEAE Kamptner, 1928, 
emend. Hay & Mohler, 1967 

Definition: Coccolithophores bearing ellip
tical placoliths; interference figure of proximal 
shield laevogyre in distal view. 
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Tribe COCCOLITHEAE Kamptner, 1958, emend. 

Definition: Shield elements of placoliths 
strongly imbricate. 

Genus : Coccolithus Schwarz, 1894 

Synonyms: Cyatholithus Huxley, 1868 [ ob
jective senior synonym with the same type spe
cies (designated by Loeblich & Tappan, 1963): 
petition to suppress this taxon was submitted 
to the International Commission on Zoological 
Nomenclature by Braarud et al., 1963, and a 
petition to suppress this taxon in the Kingdom 
Plantae also is in preparation]; Coccosphae
ra Wallich, 1877 [not Coccosphaera Perty, 
1862]; Cyathosphaera Haeckel, 1894 [objective 
junior synonym with the same type species 
(designated by Hay & Towe, 1962)] Coccolitho
phora Lohmann, 1902 [objective junior syno
nym with the same type species (designated 
by Loeblich & Tappan, 1963)]. 

TYPE SPECIES: Coccosphaera pelagica Wallich, 
1877. 

Definition: Elliptical placoliths, proximal 
shield smaller than the distal shield; distal 
shield with calcite elements having c-axes 
arranged perpendicular to the plane of the 
shield; interference figure observed in polari
zed light produced by proximal shield only. 

Coccolithus pelagicus (Wallich) 
Plate I, figs. 1-9 

Coccosphaera pelagica WALLICH, 1877, Ann. 
Mag. Nat. Hist., val. 19 (4th Ser.), p . 348, 
pl. 17, figs. 1, 2, 5, 11, 12. 

Coccolithus pelagicus (Wallich) ScHILLER, 1930, 
in L. RABENHORST : Kryptogamen-Flora, Leip
zig, val. 10, (pt. 2), p. 246 (pro parte). KAMPT· 
NER, 1954, Arch. Protistenk., val. 100, pp. 20-
21, figs . 14-15. STRADNER, 1963b, Mitt. Geol. 
Ges Wien, val. 56, pp. 156-157. COHEN, 1965, 
Leidse Geol. Meded., val. 35, p. 12, pl. 1, 
figs. a-c. MARTINI, 1965, in W . F. WHITTARD 
& R. B. BRADSHAW (eds.): Submarine Geol. 
and Geophys., Proc. 17th Symp. Colston Res. 
Soc., London, p. 402, pl. 34, figs. 1-3. MciNTY· 



RE & B:E, 1967, Deep Sea Res., vol. 14, pp. 569-
570, pl. 8, figs. A-C. MciNTYRE ~T AL. 1967, in 
M. SEARS (ed.): Progress in Oceanography, 
vol. 4, p. 11, pl. 4, figs . A-B. 

~otypes: UI-H-3630-3633. 

Dimensions: Maximum length, 12 ~; maxi
mum width, 9.5 ~. 

Remarks: Excellent electron micrographs of 
this species have been presented by Mcintyre 
& Be (1967). This species is always very rare in 
the Submarex material; the specimen illustra
ted in electron micrograph here (Pl. I, fig. 1) is 
corroded, and the central area appears to have 
been enlarged by solution. Light micrographs 
show that there are two distinct sizes of speci
mens referred to this species in the Caribbean 
material. The larger forms measure about 12 ~ 
in length and 9.5 ~in width. The smaller forms 
are more common in the Submarex cores and 
measure 8 ~ in length by 7 ~ in width. 

Relations : Placoliths of the C. pelagicus ple
xus first appear in the Cruciplacolithus tenuis 
Zone of the basal Paleocene as C. cavus Hay 
& Mohler. The evolution of this earliest species 
into C. crassus Bramlette & Sullivan, characte
ristic of the lower Eocene, is gradual and is 
expressed as a general enlargement of the cen
tral depression to an opening. In the later 
Eocene, considerable diversity develops within 
the group, with C. sarsiae Black representing 
the most abundant form, having a size closely 
approximating that of the older species. C. 
eopelagicus (Bramlette & Riedel) develops as 
a giant form which is common until the lower 
Miocene, while C. litos Hay et al. is a dwarf 

.t; form apparently restricted to the upper Eoce
Yl0 .t;t~ ne. C. floridanus Roth & Hay is a species which 
,.e 1~ is very abundant in the Oligocene, and which 

differs from the main lineage in being nearly 
circular in outline. C. pelagicus evolved during 
the middle Miocene. 

Distribution: This species has a distinctive 
restricted distribution in modern seas (Mcin
tyre, 1967), being found only north of the 14° C 
isotherm in Atlantic waters. Further, Mcintyre 
demonstrated that this species had its southern 
limit well north of the Caribbean during the 
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Wisconsinan. Mcintyre et al. (1967) have shown 
that C. pelagicus is absent above the "Pliocene
Pleistocene" boundary of Ericson et al . in the 
Lamont "type cores". In the Submarex cores, 
C. pelagicus occurs as a rare constiuent of the 
assemblages up to 2,354 em., the horizon which 
we consider to closely approximate the Plioce
ne-Pleistocene boundary as defined at Le Cas
tella, Calabria. 

Genus Cyclolithella Loeblich & Tappan, 1963 

Synonym : Cyclolithus Kamptner ex Deflan
dre in Pivetau, 1952 (not Cyclolithus Koenig, 

1825). 

TYPE SPECIES: Cyclolithus inflexus Kamptner 
ex Deflandre in Piveteau, 1952. 
Definition: Elliptical to subcircular placo

liths with a large central opening. 

Cyclolithella annula (Cohen) 
Plate I, figs. 10-17 

Coccolithites annulus COHEN, 1964, Micropa
leontology, vol. 10, pp. 237-238, pl. 3, fig. 1a-e. 

Cyclolithella annulus MciNTYRE & B:E, 1967, 
Deep Sea Res., val. 14, p. 568, pl. 5, figs. A?, 
B?, C. 
Hypotypes: UI-H-3634-3636. 

Dimensions: Maximum length 9.6 ~. maxi
mum width, 9.2 ~. 

Remarks : The distal shield is composed of 
about 35 trapezoidal elements which are sligh
tly recurved towards the proximal shield pe
ripheral to the central opening, and which 
overlap dextrally. The outer ends of the lath
like elements are wider than the inner ends, 
forming non-parallel sides. The proximal shield 
is composed of about 30 trapezoidal elements 
which overlap sinistrally and have sutures in
clined clockwise. The two shields form a sub
circular ring which, when viewed from the side, 
gives the appearance of a low angled cone. 
The conical shape is accentuated by the pro
gressive thickening of the proximal shield ele
ments toward the inner margin. 

Mcintyre & Be (1967) have cited the presen
ce of two forms of this species in samples from 
the North Atlantic. The typical form has lar-
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ge coccoliths with a broad central opening, 
and is found in warm waters; the other form 
has smaller, circular coccoliths with a much 
narrower central opening, and occurs in cooler 
waters .' They cite the occurrence of a speci
men bearing both kinds of coccolith on a sin
gle coccosphere as evidence that the two forms 
belong to a single species. Only the larger 
form has been found in the Submarex samples, 
and recognition of varieties may be useful for 
ecologic studies. 

Genus Gephyrocapsa Kamptner, 1943 

TYPE SPECIES : Gerphyrocapsa oceanica Kampt
ner, 1943. 

Definition: Elliptical placoliths with non
imbricate elements, having the central opening 
spanned by a bridge not aligned with either 
the major or minor axes of the ellipse. 

Gephyrocapsa oceanica Kampter 
Plate I, figs. 18-25; plate II, fig. 1 

Distribution: This species occurs evenly dis
tributed above 613 em. in the Submarex cores, 
and is widespread in many Caribbean deep-sea 
cores. 

Pontosphaera huxleyi LOHMANN, 1902 (part), 
Arch. Protistenk., vol. 1, p. 130, pl. 4, figs. 1-9. 
SCHILLER, 1925, Arch. Protistenk., vol. 51, p. 9, 
text-figs. A-B.-KAMPTNER, 1941, Naturhist. 
Mus . Wien, Ann., vol. 51, pp. 79, 99, pl. 2, 
fig. 27, pl. 3, figs. 29-30. 

Tribe GEPHYROCAPSEAE new tribe 

TYPE GENUS: Gephyrocapsa Kamptner, 1943. 
Diagnosis: Shield elements of placoliths not 

imbricate. 
Gphyrocapsa oceanica KAMPTNER, 1943, Akad. 

Wiss. Wien, Anz., vol. 80, pp. 43-49.-DEFLAN· 
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PLATE I 

Fig. 1. Coccolithus pelagicus (Wallich). Distal view, electron micrograph, 
Hypotype: UI-H-3630, (E3, 694 em.) 9,750X. 

Gigs. 2-5. Coccolithus pelagicus (Wallich). Proximal views: (2) transmitted 
light; (3) phase-contrast, low focus; (4) phase-contrast, high focus; (5) X-nicols, 

. Hypotype: UI-H-3631, (D5, 1534 em.) 2,630X. 
Fig. 6. Coccolithus pelagicus (Wallich). Side view, transmitted light, Hypo

type: UI-H-3632, (E1, 694 em.) 2,63.0X. 
Figs. 7-9. Coccolithus pelagicus (Wallich). Distal views: (7) transmitted 

light; (8) phas.e-contrast; (9) X-nicols, Hypotype: UI-H-3633, (E3, 574 em.) 
2,630X. 

Figs. 10-11. Cyclolithella annula (Cohen). (10) Proximal view, electron 
micrograph, Hypotype: UI-H-3634, (P6407-10, 72 em.) 9,750X; ( 11) distal view, 
electron micrograph, Hypotype: UI-H-3635, (E1, 64 em.) 5,800X. · 

Figs. 12-17. Cyclolithella annula (Cohen). (12) Distal view, transmitted 
light; (13) proximal v1ew, transmitted light; (14) side view, transmitted light; 
(15) proximal view, phase-contrast; (16) distal view, phase-contrast; (17) distal 
view, X-nicols, Hypotype: UI-H-3636, (P6407-10, 12 em.) 2,630X. 

Fig. 18. Gephyrocapsa oceanica Kamptner. Distal view, transmitted light, 
Hypotype: UI-H-3637, (P6407-10, 12 em.) 2,630X. 

Figs. 19-20. Gephyrocapsa oceanica Kamptner. (19) Proximal view elec
tron micrograph, Hypotype: UI-H-3638 (P6407-10, 102 em.); (20) distal view, 
electron micrograph, Hypotype: UI-H-3639, (P6407-10, 102 em.) 9,750X. 

Figs. 21-25. Gephyrocapsa oceanica Kamptner. (21) Distal view, X-ni
cols; (22) proximal vi.ew, X-nicols; (23) side view, transmitted light; (24) dis
tal view, not oriented, transmitted light; (25) proximal v1ew transmitted light, 
Hypotype: UI-H-3637, (P6407-10, 12 em.) 2,630X. 



PLATE I BCUI:REAUX, HAY 

REVISTA ESPANOLA DE MlCROPALEONTOLOGiA, Vol. I , num. 3 

C--e~J:; ;..oc:.y.s-.:::t Clc..ee:c.n/cc-r 



BOUDREAUX, HAY PLATE II 

10 . ( 11 

"'~ 
• ,~,__,....,..-., ~1~.· -

c;rc./c.::.oc. c ~P~--'.s 



BOUDREAUX, HAY 

DRE, 1954, Ann. Pal., val. 40, p. 154, pl. 3, fig. 7. 
HALLDAL & MARKALI, 1955, Norske Vidensk. 
Akad., Avh., Math. Naturv. Kl., num. 1, p. 18, 
pl. 23, fig. 4, pl. 24, figs. 1-3.-BLACK & BARNES, 
1961, Roy. Micr. Soc. Jour., val. 80, pt.2, p. 143, 
pl. 25, figs. 1-2.-COHEN, 1964, Micropaleonto
logy, val. 10, p. 240, pl. 3, fig. 3a-e, pl. 4, 
fig. 3a-b.-MciNTYRE & B.E, 1967, Deep Sea 
Res., val. 14, p. 570, pl. 9, figs. A-B.-MCINTY
RE ET AL., 1967, in M. SEARS (ed.): Progress 
in Oceanography, Pergamon Press, Oxford, 
val. 4, p . 12, pl. 1, figs. A-B.-HAY ET AL., 1967, 
Gulf Coast Assoc. Geol. Sacs. Trans., val. 1'/ , 
pls. 12-13, figs. 5-6. 

ments, ranging from 42 to 52, a slightly higher 
count than reported by Mcintyre et al. (1967) 
for specimens from above the "Pliocene-Pleisto
cene" boundary of Ericson et al. in the Lamont 
"type" cores. The central area of this species 
is spanned by a grille much like that of Emi
liania huxleyi (Lohmann). The bridge consists 
of two diametrically opposed spines arranged 
at oblique angles to the axis of the ellipse; the 
spines commonly overlap where they touch. 

Hypotypes: UI-H -363 7-3640. 

Dimensions: Maximum length, 5.2 11; maxi
mum width, 4.2 11. 

Relations: In Gephyrocapsa ericsoni Mcin
tyre & Be, the bridge is higher, thinner, blade
like, and strongly arched. In G. caribbeanica 
Boudreaux & Hay, the bridge is lower, thicker, 
flatter, and more closely approximates the ma
jor axis of the ellipse. 

Remarks: Coccoliths of this species vary 
from 3.5 11 to 5.2 11 in length. The proximal and 
distal shields have an equal number of ele-

Distribution: Present in the Submarex cores 
above 613 em. The first occurrence of this 
species is used to mark the base of the Gephy
rocapsa oceanica Zone. Mcintyre (1967) con-

PLATE II 

Fig. 1. Gephyrocapsa oceanica Kamptner. Proximal view, electron micro
graph, Hypo type: UI-H-3640 (P6407-10, 102 em.), 11,450X. 

Figs. 2-3. Gephyrocapsa caribbeanica Boudreaux & Hay. (2) Proximal 
view, electron micrograph, Paratype: UI-H-3641, (E3, 694 em.) 9,750X; (3) pro
ximal view, electron micrograph, Paratype: UI-H-3642, (El, 64 em.) 11,450X. 

Figs. 4-6. Gephyrocapsa caribbeanica Boudreaux & Hay. ( 4) Distal view, 
electron micrograph, Paratype: UI-H-3643, (E3, 694 em.) 11,450X; (5) distal 
view, electron micrograph, Ilol ts p · UI-H-3644 ( E 1 694 em.) 11,450X; ( 6) dis
tal view, electron micrograph. Paratype: UI-H-3645 (E3, 834 em.) 11,450X. 

Figs. 7-9. Gephyrocapsa caribbeanica Boudreaux & Hay. Distal views: (7) 
transmitted light; (8) phase-contrast; (9) X-nicc)s, Paratype: UI-H-3646, (E1, 
64 em.) 2,630X. 

Figs. 10-12. Emiliania huxleyi (Lohmann). (10) Distal view, electron mi
crograph, Hypotype: UI-H-3647, (P6407-10, 102 em.) 11,450X; (11) proximal 
view, electron micrograph, Hypotype: UI-H-3648, (P6407-10, 72 em.) 11,450X; 
(12) distal view, electron micrograph, Hypotype: UI-H-3649, (P6407-10, 102 em.) 
11,450X. 

Figs. 13-14. Cyclococcolithus leptoporus (Murray & Blackman). (13). Dis
tal view, electron micrograph, Hypotype: UI-H-3650, (P6407-10, 102 em.) 
5,800X; (14) proximal view, electron micrograph, Hypotype: UI-H-3651, (P5407-
10, 102 em.) 5,800X. 
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siders G. oceanica to be eurythermal and has 
noted that it is one of the most abundant and 
widely distributed species in the Atlantic today. 
Mcintyre et al. (1967) have observed that 
G. oceanica is present above the "Pliocene
Pleistocene" boundary of Ericson et al. in the 
Lamont type cores, but does not occur below 
the boundary. 

Gephyrocapsa caribbeanica 
Boudreaux & Hay 
Plate II, figs. 3-9 

Gephyrocapsa caribbeanica BouDREAUX & HAY, 
1967, Gulf Coast Assoc. Geol. Socs., Trans., 
vol. 17, p. 447, pls. 12-13, figs. 1-4. 

Hypotypes: UI-H-3641-3646 . 
Dimensions: Maximum length, 5 ~~; maxi

mum width, 3.6 11. 

Remarks: This species is apparently ances
tral to G. oceanica. It is distinguished by the 
smaller element count, by the narrow or closed 
central area which completely lacks a grille, 
and by the b~je0 ,.which is more nearly alig
ned with the ~i'M~H? axis of the ellipse and is 
constructed of two offset plates which barely 
touch at the center. In G. aperta Kamptner, 
the cenral opening is much larger. 

" Distribution: This species occurs abundant-
ly in the Submarex cores below 613 em. 

Genus Emiliania Hay & Mohler, 1961 

TYPE SPECIES : Pontosphaera huxleyi Lohmann, 
1902. 

Definition: Elliptical placoliths, with the 
distal shield slightly larger than the proximal 
shield; elements of the distal and/ or proximal 
shield "I" shaped. 

Emiliania huxleyi (Lohmann) 
Plate II, figs. 10-12 

Pontosphaera huxleyi LOHMANN, 1902 (part), 
Arch. Protistenk., vol. 1, p . 130, pl. 4, figs. 1-6, 
pl. 6, fig. 69.-KAMPTNER, 1941, Naturhist. 
Mus. Wien, Ann. , val. 51, p. 79, pl. 2, fig. 27, 
pl. 3, figs. 29-30, p. 99. 

262 

Coccolithus huxleyi (Lohmann) KAMPTNER, 
1943, Anz. Akad. Wiss. Wien, Math_ Naturw. 
Kl., val. 80, p. 44.-KAMPTNER, 1952, Micros
kopie, VOl. 7, p. 234, figs. 7-9.-KAMPTNER, 
1954, Arch. Protistenk., val. 100, pp. 67-69.
BRAARUD, 1954, Blyttia, VOl. 12, pp. 103-104 
pl. 1, figs. a-c.-KAMPTNER, 1956b, Arch. Pro
tistenk., val. 101, p. 178, pl. 1, figs. 1-3.
BLACK & BARNES, 1961, Jour. Roy. Micr. Soc., 
VOl. 80, pt. 2, pp. 141-152, pls. 20-21.-BLACK, 
1965, Endeavour, val. 24, no. 93, pl. 2, fig. 24. 
COHEN, 1965, Leidse Geol. Meded., vol. 35, 
pp. 11-12, pls. 8, 9, 10, 11, figs . c-e, pl. 12, 
figs. a-c.-LECAL, 1966, Protistologica, vol. 2. 
pp. 57-70.-MciNTYRE & B:E, 1967, Deep Sea 
Res., val. 14, pp. 568-569, pl. 5, fig. D, pl. 6, 
figs. A-B, pl. 12, fig. B. 

Emiliania huxleyi (Lohmann) HAY & MOHLER, 
1967, Gulf Coast Assoc. Geol. Socs., Trans., 
vol. 17, p. 447, pls. 10, 11, figs . 1, 2. 

Hypotypes: UI-H-3647-3649. 

Dimensions: Maximum length, 3.4 11; maxi
mum width, 2.6 11. 

Remarks: This has been the most thorough
ly studied species of calcareous nannoplank
ton. It is subject to considerable variation in 
the development of the elements of the shields, 
as has been illustrated by Lecal (1966). Due 
to its very small size, this species is virtually 
indistinguishable from small specimens of Ge
phyrocapsa oceanica Kamptner in the light mi
croscope. It appears to have evolved from 
G. oceanica through an intermediate species 
which is very rare in the Caribbean, but which 
may be more common elsewhere (see Cohen, 
1964, pl. 4, fig. 5 for illustration of the proba
ble intermediate form). 

Distribution: This is one of the most ubi
quitous of all species of nannoplankton (Mcin
tyre, 1967), occurring throughout the oceans. 
It is, however, one of the most recent species 
to evolve, and has its earliest occurrence in 
the Wisconsinan. It does not occur in any of 
the Submarex drilled cores, but is found in the 
piston cores . 



Subfamily CYCLOCOCCOLITHOIDEAE Hay & Mohler, 
n. subfam. 

TYPE GENUS: Cyclococcolithus Kamptner, 1954. 
Diagnosis: Placoliths circular, interference 

figure of proximal shield radial to subradial. 
Remarks: This taxon was proposed, but not 

validated by Hay & Mohler, 1967, due to omis
sion of designation of the type genus . 

Tribe CYCLOCOCCOLITHEAE, n. tribe 

TYPE GENUS : Cyclococcolithus Kamptner, 1954. 
Diagnosis: Placoliths imperforate. 

Genus Cyclococcolithus Kamptner, 1954 

Synonyms: Calcidiscus Kamptner, 1950 [sub
jective senior synonym because the type spe
cies, Calcidiscus quadrijoratus Kamptner, 1950, 
i the proximal shield of Coccosphaera lepto
pora Murray & Blackman (designated by Hay 
& Towe, 1962, as type species of Cyclococcoli
thus); proposal has been made by Hay, 1967, 
to the International Botanical Congress to sup
press Calcidiscus and conserve Cyclococcoli
thus]; Tiarolithus Kamptner, 1958 [subjective 
junior synonym because the type species by 
original designation, Calcidiscus medusoides 
Kamptner, 1954, is the distal shield of Coccos
phaera leptopora]; Cycloplacolithus Kampt
ner, 1963 [subjective junior synonym because 
the type species by original designation, Cyclo
placolithus joliosus Kamptner, 1963, is based 
on an electron micrograph of a proximal view 
of Coccosphaera leP'topora]. 

TYPE SPECIES : Coccosphaera leptopora Murray 
& Blackman, 1898. 

Definition: Circular placoliths having a dis
tal shield larger than the proximal shield, im
perforate, symmetrical, with a central depres
ion on the distal shield producing the illusion 

of a perforation in the light microscope. 

Cyclococcolithus leptoporus 
(Murray & Blackman) 

Pia e II, figs. 13-14; Plate 3, figs. 1-6 

Coccosphaera leptopora MURRAY & BLACKMAN, 
1898, Roy. Soc. London, Phil. Trans., vol. 190, 
ser. B p. 430, pl. 15, figs. 1-7. 
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Coccolithophora leptopora (Murray & Black
man) LOHMANN, 1902, Arch. Protistenk., vol. 1, 
p. 138, pl. 5, figs. 52, 61-64. 

Coccolithus leptoporus (Murray & Blackman) 
SCHILLER, 1930, in L . RABENHORST: Kryp
togamen-Flora, val. 10, p. 245, text-fig. 10.
KAMPTNER, 1941, Naturhist. Mus. Wien, Ann., 
VOl. 51, p. 94, pl. 13, figs. 137-139.-DEFLANDRE, 
1952, in P. GRASSE: Traite de Zoologie, 
vol. 1, pt. 1, text-fig. 343.--GARDET, 1955, Publ. 
Serv. Carte Geol. Algerie, n. ser., Bull. 5, 
p. 513, pl. 6, fig. 50.-BLACK & BARNES, 1961, 
Roy. Micr. Soc. Jour., vol. 80, pt. 2, p. 143, 
pl. 24, figs. 3-4. 

Calcidiscus quadrijoratus Kamptner, 1950 Oes
terr. Akad. Wiss., Math.-Naturw. Kl., Anz., 
val. 87, pp. 153-155.-KAMPTNER, 1952, Mi
kroskopie, VOl. 7, p. 236, fig. 11.-KAMPTNER, 
1952, Mikroskopie, vol. 7, p. 391, figs. 20a-b. 
KAMPTNER, 1954, Arch. Protistenk., VOl. 100, 
pp. 33-34, figs. 35-37.-KAMPTNER, 1958, Arch 
Protistenk., val. 103, p. 81.-KAMPTNER, 1963 , 
Naturhist. Mus . Wien, Ann., vol. 66, p. 147.
HAY, 1967, Taxon, vol. 16, pp. 240-242. 

Calcidiscus medusoides Kamptner, 1950, Oes
terr. Akad. Wiss., Math-Naturw. Kl., Anz., 
val. 87, pp. 153, 155.-KAMPTNER, 1954, Arch. 
Protistenk., vol. 100, p. 26, figs. 24-34.-MAR · 
TINI & BRAMLETTE, 1963, Jour. Paleont., VOl. 
37, p . 849, pl. 102, figs. 1-2.-HAY, 1967, Ta-
xon, val. 16, pp. 240-242. 

Cyclococcolithus leptoporus (Murray & Blapck- JS 
man) K AMPTNER, 1954, Arch. Protistenk., val. 
100, p. 23, fig. 20.-DEFLANDRE, 1954, Ann. Pa
Ieont., val. 40, pp. 150-151, textfig. 76, pl. 9, 
figs. 1-3 .-MARTINI & BRAMLETTE, 1963, Jour. 
Paleont., val. 37, p. 850, pl. 102, figs. 4-5.
CoHEN, 1964, Micropaleontology, val. 1;,, 
p. 237, pl. 1, fig. 6a-e, pl. 2, fig. 4a-b.-COHEN, 
1965, Leidse Geol. Meded., vol. 35, pp. 25-26. 
pl. 17, figs. h-i, pl. 18, figs. a-e, pl. 19, figs. a-b, 
pl. 20, figs, a-b.-HAY, 1967, Taxon, val. 16, 
pp. 240-242.-MclNTYRE & B:E, 1967, Deep Sea 
Res., vol. 14, p. 569, pl. 7, figs. A-C.-HAY ET 
AL., 1967, Gulf Coast Assoc. Geol. Sacs., 
Trans., vol. 17, pls. 10-11, fig. 3.-BRAMLETT"E 
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& WILCOXON, 1967, Tulane Stud. Geol., VOl 5, 
p. 103, pl. 3, figs . 9-12.-GARTNER, 1967, Univ . 
Kansas Paleont. Contr., Paper 28, pp. 1-4, 
pl. 1, figs. 1-4, pl. 2, figs. 1-4. . 

Tiarolithus meduso~des (Kamptner) KAMPTNER , 
1958, Arch. Protistenk., vol. 103, pp. 81, 85.
KAMPTNER, 1963, Naturhist. Mus. Wien, Ann ., 
vol. 71, pp. 160, 178, pl. 23, figs. 115, 124. 

Calcidiscus unijoratus KAMPTNER, 1963, Natur
hist. Mus. Wien, Ann., vol. 66, pp. 147-148, 
textfig. 2, pl. 2, fig. 17. 

Tiarolithus diversistriatus KAMPTNER, 1963, Na
turhist. Mus . Wien, Ann., vol. 66, pp. 180-181. 
textfig. 28, pl. 2, fig. 13, pl. 4, fig. 27. 

Tiarolithus pacijicus KAMPTNER, 1963, Natur
hist. Mus. Wien, Ann., vol. 66, p. 182, text
fig. 30. 

Tiaroli'ihus rectilineatus KAMPTNER, 1963, Na 
turhist Mus. Wien, Ann., vol. 66, pp. 182-183, 
textfig. 31, pl. 2, fig . 11.-KAMPTNER, 1967, 
Naturhist. Mus. Wien, Ann., vol. 71, p. 160, 
pl. 23, fig. 117. 

Cyclyplacolithus joliosus KAMPTNER, 1963, Na
turhist. Mus . Wien, Ann., vol. 66, pp . 167-168, 
pl. 7, fig. 38 . 

Cycloplacolithus sejunctus KAMPTNER, 1963, 
Naturhist. Mus. Wien, Ann., vol. 66, pp. 16!)· 
170, pl. 8, fig. 43. 

Cycloplacolithus laevigatus KAMPTNER, 1962, 
Naturhist. Mus. Wien, Ann., vol. 66, pp. 168-
169, pl. 9, figs . 47-49. 

Cyclococcolithus atrematus KAMPTNER, 1967, 
Naturhist. Mus. Wien, Ann., vol. 71, p. 128, 
pl. 3, figs. 22-23. 

Cycloplacolithus renalis KAMPTNER, 1967, Na
turhist. Mus. Wien, Ann., vol. 71 , p. 130, pl. 4 . 
fig. 26. 

Cyclococcoli'thus leptoporus (Murray & Black
man) Kamptner var. A. MciNTYRE ET AL., 
1967, in M. SEARS (ed.), Progress in Oceano .. 
graphy, vol. 4, pp. 9-10, pl. 4, figs. C-D. 

Cyclococcolithus leptoporus (Murray & Black
man) Kamptner var. B. MciNTYRE ET AL., 
1967, in M. SEARS (ed.), Progress in Ocean0-
graphy, vol. 4, p. 10, pl. 5, fig . A. 
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Cyclococcolithus leptoporus (Murray & Black
man) Kamptner var. C. MciNTYRE ET AL., 
1967, in M. SEARS (ed.), Progress in OceanO· 
graphy, vol. 4, pp. 10-11, pl. 5, figs. C-D . 

Hypotypes: UI-H-3650-3653. 

Dimension: Maximum diameter, 8.1 l-1 . 

Remarks: The structure of this species has 
been elucidated particularly well by Kamptner 
(1954) and Black & Barnes (1961). 

Distribution: According to Mcintyre (1967) 
this species is eurythermal, ranging from the 
equator to the arctic. Stratigraphically, it 
ranges back into the Miocene . It occurs com
monly throughout the Submarex cores. 

Tribe UMBILICOSPHAEREAE, n. tribe 

TYPE GENUS: Umbilicosphaera Lohmann, 1902. 
Diagnosis : Placoliths broadly perforate. 

Genus Umbilicosphaera Lohamnn, 1902 

TYPE SPECIES: Umbi licosphaera mirabilis LOh· 
mann, 1902. 

Definition: Circular placoliths having a very 
short tube connecting the larger proximal 
shield with the smaller distal shield; central 
perforation large. 

Umbilicosphaera mirabilis Lohmann 
Plate III, figs. 7-15 

Umbilicosphaera mirabilis LOHMAN N, 1902, 
Arch. Protistenk., vol. 1, p. 139, pl. 5, figs. 66, 
66a.-BLACK & BARNES, 1961 , Roy. Micr. Soc., 
Jour., vol. 80, pt. 2, pp. 140-141, pl. 25, figs. 4-
5.-MciNTYRE & B:E, 1967, Deep Sea Res., 
vol. 14, pp. 571-572, pl. 11, figs. B-C, pl. 12, 
fig. A.- MciNTYRE ET AL., 1961, in M. SEARS 
(ed.): Progress in Oceanography, vol. 4, p. 13, 
pl. 2, figs. C-D. 

Cyclococcolithus mirabilis (Lohmann) KAMPT· 
NER, 1954, Arch. Protistenk., vol. 100, p. 24, 
text-figs. 21-23.-COHEN, 1964, vol. 10, p. 237 , 
pl. 1, fig . 4a-f, pl. 2, fig. 3a-f. 



Hypotypes: UI-H-3654-3659. 

Dimension : Maximum diameter, 4.7 ~

Remarks : E xcellent description of the struc-
ture of this species have been presented by 
Kamptner (1954), Black & Barnes (1961), and 
Mcintyre & Be (1967). 

Distribution: According to Mcintyre (1967), 
U. mirabilis is found today in Atlantic waters 
north to the 18. C isotherm. It occurs throug
hout the Submarex cores, including the piston 
cores. 

Family THORACOSPHAERACEAE Deflandre, 1952 

Definition: Coccolithophores producing a 
spherical or subspherical test of fused coc
coliths. 

Genus Thoracosphaera Kamptner, 1927 

TYPE SPECIES : Thoracosphaera pelagica Kampt
ner, 1927. 

Definition: Coccolithophores . with a spheri
cal test composed of interlocking polygonal 
elements derived from coccoliths. 

Thoracosphaera heimi (Lohmann) 
Plate III, figs. 16-19; Plate IV, fig . 1 

Syracosphaera heimi LOHMANN, 1919, Arch. 
Biont., vol. 4, p. 117, fig. 29. 

Thoracosphaera pelagic a KAMPTNER, 1927, 
Arch. Protistenk., vol. 58, pp. 180-184, fig. 6. 

Thoracosphaera heimi (Lohmann) KAMPTNER, 
1954, Arch. Protistenk., vol. 100, pp. 40-42, 
figs. 41-42.-STRADNER, 1961, Erdoel Zeitschr., 
vol. 77, pp. 87-88, fig. 75.-COHEN, 1964, Mi
cropaleontology, vol. 10, p. 248, pl. 5, fig. 7a-b. 
COHEN, 1965, Leidse Geol. Meded., vol. 35, 
pp. 30-31, pl. 5, fig. f. 

Hypotypes: UI-H-3660-366·1. 

Dimension: Maximum diameter, 14.3 ~t. 

Remarks: Light and electron micrographs 
show that the test is constructed of irregular 
polygonal elements ("poroliths") each of which 
is perforated by a small central hole. 
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Relations: T. saxe'a Stradner is composed of / 
smaller, more irregular polygonal elements lac
king the perforations. T. imperjorata Kampt-
ner differs only in being imperforate. 

Distribution: This species is known from 
recent plankton in the Atlantic, Pacific and Me
diterranean. It occurs in the Submarex pis
ton cores in great abundance at 12 em., and 
is common throughout the drilled cores, being 
somewhat more abundant in the warmer inter
vals. 

Thoracosphaera saxea Stradner 
Plate IV, figs. 2-5 

Thoracosphaera sp. BRAMLETTE & RIEDEL, 1954, 
Jour. Paleont., vol. 28, p. 393, pl. 38, fig. 5. 

Thoracosphaera saxea STRADNER, 1961, Erdoel 
Zeitschr., VOl. 77, p. 84, fig. 71.-STRADNER, 
1963, Sixth World Petroleum Congr., Sec. 1, 
Paper 4, p . 9, pl. 3, fig. 3.-STRADNER, 1963 , 
in K. GOHRBANDT: Geol. Ges. Wien, Mitt., 
vol. 56, p . 78, pl. 10, fig. 8.-COHEN, 1964, Mi
cropaleontology, vol. 10, p. 248, pl. 5, fig. 6a-e, 
pl. 6, fig. 6. 

Hypotypes: UI-H-3662-3663. 

Dimension: Maximum diameter, 14.9 ~

Remarks: Electron micrographs show the 
polygonal elements of this species to be highly 
irregular in outline, as also suggested by the 
appearance of the species between crossed ni
cols. 

Distribution: This is a very long ranging 
species, having been recorded from the Upper 
Cretaceous in Austria, and commonly in the ol
der Tertiary. It is common in the Submarex 
cores, and extremely abundant in the piston 
cores at 12 em. 

Family RHABDOSPHAERACEAE Lemmermann, 1908 

Definition: Coccolithophores bearing rhab
doliths, which may be club, nail, or trumpet
shaped. 

Subfamily RHABDOSPHAEROIDEAE Kamptner, 
1928, emend. 
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Definition: Coccolithophores bearing club 
or nail-shaped rhabdoliths. 

constructed of several cycles of numerous ele
ments. 

Genus Rhabdosphaera Haeckel, 1894 

Synonyms: Rhabdolithes Schmidt, 1870 lob
jective senior synonym with the same type spe
cies (designated by Loeblich & Tappan, 1963): 
petition to suppress this taxon was submitted 
to the Internation Commission on Zoological 
Nomenclature by Braarud et al., 1963, and a 
petition to supress this taxon in the Kingdom 
Plantae also is in preparation]; Rhabdolithus 
Kamptner ex Deflandre in Grasse, 1952 [sub
jective junior synonym because the type spe
cies, Rhabdolithus perlongus Peftandre, 1952, 
is very similar in structure to Rhabdosphaera 
clavigera Murray & Blackman, 1898]. 

Rhabdosphaera clavigera 
Murray & Blackman 

Plate, IV, figs. 6-10 

Rhabdosphaera clavigera MURRAY & BLACKMAN, 
1898, Roy. Soc. London, Phil. Trans., val. 190, 
ser. B, pp. 438-439, pl. 15, figs. 13-1 5.-COHEN, 
1964, Micropaleontology, val. 10, pp. 240, 242, 
pl. 5, fig. 2a-g, pl. 6, fig. 1.-COHEN, 1965, Leid
se Geol. Meded., val. 35, p. 22, pl. 3, figs. a-c, 
pl. 22, figs. a-b , pl. 23, fig. 3. 

Rhabdosphaera clavigera Murray & Blackman 
KAMPTNER, 1944, Oesterr. Bot. Zeitschr., 
vol. 93, p. 140.-HAY ET AL., 1967, Gulf Coast 
Assoc. Geol. Socs., Trans., vol. 17, pls 10-11 , 
fig. 4. TYPE SPECIES : Rhabdosphaera clavigera Mur

ray & Blackman, 1898. Hypotypes: UI-H-3664-3666. 

Definition: Rhabdoliths with a circular base Dimensions: Maximum length, 8.6 11; maxi-
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PLATE III 

Fig. 1. Cyclococcolithus leptoporus (Murray & Blackman). Distal view 
electron micrograph, Hypotype: UI-H-3652, (El, 64 em.) 5,800X. 

Figs. 2-6. Cyclococcolithus leptoporus (Murray & Blackman). (2) distal 
view, transmitted light; (3) distal view, phase-contrast; ( 4) proximal view, 
X-nicols; (5) distal view, X-nicols; (6) side view, transmitted light, Hypotype: 
UI-H-3653, (P6407-10, 12 em.) 2,630X. 

Fig. 7-8. Umbilicosphaera mirabilis Lohmann. (7) Proximal view, elec
tron micrograph, Hypotype: UI-H-3654, (P6407-10, 62 em.) 5,800X; (8) distal 
view, electron micrograph, Hypotype: I-H-3655, (El, 64 em.) 9,750X. 

Figs. 9-13. Umbilicosphaera mirabilis Lohmann. (9) Proximal view, trans
mitted light; (10) proximal view, phase-contrast; (11) proximal view, 
X-nicols , Hypotype: UI-H-3656, (El, 64 em.) 2,630X; (12) and (13) side views, 
transmitted light, Hypotype: UI-H-3657, (P6407-W, 12 em.) 2,630X. 

Figs. 14-15. Umbilicosphaera mirabilis Lohmann. (14) Distal view, elec
tron micrograph, Hypotype: UI-H-3658, (P6407-10, 102 em.) 9,750X; (15) djstal 
view, electron micrograph, Hypotype: UI-H-3659, (P6407-10, 62 em.) 9,750X. 

Fig. 16. Thoracosphaera heimi (Lohmann). Electron micrograph, Hypo
type: UI-H-3660, (P6407-10, 102 em.) 4,130X. 

Figs. 17-19. Thoracosphaera heimi (Lohmann). (17) Transmitted light; 
(18)phase-contrast; (19) X-nicols, low focus , Hypotype: UI-H-3661, (E4, 
1074 em.) 2,630X. 
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mum diameter of base, 3.3 11; maximum diame
ter of stem, 1.8 11. 

Remarks: Cohen (1964) has described the ap
pearance of this species between crossed po
larizers. Electron micrographs show that the 
stem is composed of slender laths arranged in 
a dextrally imbricate pattern. Each series of 
imbricate elements forms a thick fin which is 
gently curved dextrally towards the tip of the 
stem. The conical base is circular, and com
posed of about 32 slender elements which ra
diate from the central area and probably re
present extensions of the laths forming the 
stem. Each cycle of imbrications in the stem 
is composed of about eight slender crystal 
laths, and the stem consists of at least four 
cycles. 

is common in many Caribbean cores. It is 
common from 12 to 42 em. in the Submarex 
piston cores, and is less common to rare in the 
drilled cores. 

Genus Aspidorhabdus Hay & Towe, 1962 

TYPE SPECIES : Aspidorhabdus ovalis Hay & 
Towe, 1962. 

Definition: Rhabdoliths with an elliptical 
base constructed of several cycles of elements; 
stem circular in cross section near the base. 

Aspidorhabdus stylifer (Lohmann), n. comb. 
Plate, IV, figs. 11-15 

Rhabdosphaera stylifer LOHMANN, 1902, Arch. 
Distribution: This species was originally 

described from the South Atlantic Ocean, and 
Protistenk., vol. 1, p. 143, pl. 5, fig. 65.
KAMPTNER, 1941 , Naturhist. Mus. Wien, Ann., 

PLATE IV 

Fig. 1. Thoracosphaera heimi (Lohmann). X-nicols, high focus, Hypotype: 
UI-H-3661, (E4, 1074 em.) 2,630X. 

Fig. 2. Thoracosphaera saxea Stradner. Electron micrograph, Hypotype: 
UI-H-3662, (E3, 694 em.) 2,000X. 

Figs. 3-5. Thoracosphaera saxea Stradner. (3) Phase-contrast, high focus; 
(4) X-nicols, high focus; (5) X-nicols, low focus, Hypotype: UI-H-3663, (E1, 
64 em.) 2,630X. 

Figs. 6-7. Rhabdosphaera clavigera (Murray & Blackman). (6) Side view, 
electron micrograph, Hypotype: UI-H-3664, (E1, 64 em.) 4,130X; (7) distal 
v1ew of basal shield, electron micrograph, Hypotype: UI-H-3665, (P6407-10, 
72 em.) 9,750X. 

Figs. 8-10. Rhabdosphaera clavigera (Murray & Blackman). Side views : 
(8) X-nicols; (9) transmitted light; (10) phase-contrast, Hypotype: UI-H-3666, 
(P6407-10, 62 em.) 2,630X. 

Fig. 11. Aspidorhabdus sty lifer (Lohmann). Side view, electron micro
graph, Hypotype: UI-H-3667, (P6407-10, 72 em.) 5,800X. 

Fig. 12. Aspidorhabdus stylifer (Lohmann). Side vi-ew, X-nicols, Hypotype: 
UI-H-3668, (P6407-10, 62 em.) 2,630X. 

Fig. 13. Aspidorhabdus stylifer (Lohmann). Distal view of basal shield, 
electron micrograph, Hypotype: UI-H-3669, (P6407-10, 72 em.) 13,500X. 

Figs. 14-15. Aspidorhabdus stylifer (Lohmann). Side views: (14) transmit
ted light; (15) phase-contrast, Hypotype: UI-H-3668, (P6407-10, 62 em.) 2,630X. 

Fig. 16. Discosphaera tubifera (Murray & Blackman) . Side view, electron 
micrograph, Hypotype: UI-H-3670, (P6407-10, 102 em.) 9,750X. 
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VOl. 51, p. 15, figs. 148-149, p. 115.-HALLDAL 
& MARKALI, 1955, Norske Vidensk. Akad., 
Avh., Math. Naturv. Kl., no. 1, p. 16, pl. 20.
COHEN, 1964, Micropaleontology, vol. 10, pl. 5, 
fig. 1, pl. 6, fig. 2.-COHEN, 1965, Leidse Geol. 
Meded., vol. 35, pp. 22-23, pl. 3, figs. d-f, pl. 21, 
figs. e-f, pl. 23, figs. b?, c-d. 

Rhabdosphaera stylijera Lohmann GRAN & 
BRAARUD, 1935, Jour. Bioi. Board Canada, 
vol. 1, p. 389 .-MclNTYRE & B:E, 1967, Deep 
Sea Res., vol. 14, p. 567, pl. 4, figs. A-C. 

Discolvthus phaseolus BLACK & BARNES, 1961, 
Roy. Micr. Soc., Jour., vol. 80, pt. 2, p. 144, 
pl. 26, figs. 1-4. 

Hypotypes: UI-H-3667-3669. 

Dimensions: Maximum length, 4.9 11; maxi
mum diameter of base, 3.1 11; maximum diame
ter of mid-stem, 0.4 11. 

Remarks: In the light microscope, A. styli fer 
appears to lack the canal through the length 
of the stem which is characteristic of R. clavi
gera. The stem is usually parallel sided, but 
in a number of specimens, four blade-like ex
tensions may project at the distal end. Mcin
tyre & Be (196·7) have noted that the shape of 
the stem is somewhat variable in A. stylijer, 
but we consider the elliptical shape of the base 
to be diagnostic. As Mcintyre & Be have pu
blished a micrograph showing a coccolith of 
" Discolithus phaseolus" on a coccosphere of 
A. stylijer, there is no question that these two 
taxa should be considered one. 

Distribution: According to Mcintyre (1967 ), 
this species is characteristic of tropical, sub
tropical, and transitional waters. It is com
mon throughout the Summarex piston cores. 

Subfamily DISCOSPHAEROIDEAE, n . subfam . 

TYPE GENUS: Discosphaera Haeckel, 1894. 

Diagnosis: Coccolithophores bearing tube or 
trumpet-shaped rhabdoliths. 

Genus Discophaera Haeckel, 1894 

TYPE SPECIEs : Discosphaera •thomsoni Osten
feld, 1899. 
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Definition: Rhabdoliths developed as recur
ved salpingiform cyrtoliths having an elliptical 
base with radial perforations and an entire 
margin. 

Discosphaera tubifera (Murray & Blackman) 
Plate IV, fig. 16; Plate V, figs. 1-7 

Rhabdosphaera tubijer MURRAY & BLACKMAN, 
1898, Roy. Soc. London, Phil. Trans., vol. 190, 
ser. B , pp. 438-439, pl. 15, figs. 8-10. 

Discosphaera tubijer (Murray & Blackman) 
LOHMANN, 1902, Arch. Protistenk., val. 1, 
p. 141, pl. 5, figs. 47-48, 50.-HALLDAL & MAR
KAL, 1955, Norske Vidensk. Akad., Avh. , Mat. 
Naturv. Kl., no. 1, p. 17, pl. 22.-COHEN, 1964, 
Micropaleontology, vol. 10, pp. 242, 244, pl. 5, 
fig . 3a-c, pl. 6, fig. 3a-e.-COHEN, 1965, Leidse 
Geol. Meded., val. 35, p . 24, pl. 3, figs. g-i, 
pl. 23, fig. a. 

Discosphaera tubijera (Murray & Blackman) 
KAMPTNER, 1944, Oesterr. Bot. Zeitschr, 
vol. 9, p. 139.-MciNTYRE & B:E, 1967, Deep 
Sea Res. , vol. 14, p . 566, pl. 1, figs. A-C. 

Hypotypes: UI-H-3670-3674. 

Dimensions: Haximum length, 4.2 11; maxi
mum diameter of base, 2.4 11. 

Remarks: Mcintyre & Be (1967) have presen
ted excellent electron micrographs of carbon 
replicas of coccospheres of this species. 

Distribution: D. tubijera is known from the 
Atlantic and Mediterranean regions. It is rare 
in the Submarex piston cores. 

Suborder SYRACOSPHAERINEAE n. suborder 

TYPE FAMILY: Syracosphaeraceae Lemmermann 
in Brandt & Apstein, 1908. 

Diagnosis: Motile coccolithophores, exhibit
ing a loose cover of delicately constructed, 
usually highly perforate coccoliths; coccoliths 
do not interlock, and may not touch each 
other, so that areas of coccolith-free cell sur
face are exposed; between crossed polarizers, 
the coccoliths produce an interference figure . 



Family PONTOSHAERACEAE Lemmermann, 1908 

Definition : Coccolithophores bearing shal
low lopadoliths which m ay or may not possess 
cent ral spines . 

Subfamily PONTOSPHAEROIDEAE Kamptner, 1937 

Definition: Base of lopadolith smooth or or
namented, or studded with short spines . 

Tribe PONTOSPHAEREAE Hay, 1966 

Defini t ion: Margin of base of lopadolith 
simple. 

Genus Pontosphaera Lohmann, 1902 

TYPE SPECIES : Pontosphaera syraeusana Loh
mann, 1902. 

Definition: Lopadoliths simple, shallow, 
height of the wall not exceeding the longest 
diameter of the base. 

Pontosphaera scutellum Kamptner 
Plate V, figs. 9-13 

D. colithus scutellum KAMPTNER, 1950, Anz . 
Akad. Wiss . Wien, Math. Naturw. Kl., vol. 87, 
p. 153 (nomen nudum). 

ontosphaera scutellum KAMPTNER, 1952, Mi
kroskopie, vol. 7, p. 234, fig. 1, p. 378, fig . 17a-f. 
K-\.: IPT ;ER, 1954, Arch. Protistenk., vol. 100, 
~~- 12-1 6, figs . 1-7.-KAMPTNER, 1955, Verh. 
Kon . Xederl. Akad. Wetensch., Afd. Natuur
::...l!lde, ser. 2, vol. 50, no . 2, p . 13, pl. 1, 
:':g. :2a-b.-COHEN, 1965, Leidse Geol. Meded., 
-·o:. 35, pp. 18-19, pl. 15, figs. a-b. 

=:::;-x>-. -pes: UI-H-3675-3678 . 

..::!:e~ons : Maximum length, 11.4 ~ ; maxi-
~ci· ' 8 ~ -

:::.-.-::~~: Tne diagnostic feature of this spe
=-~ ~ -·-= e...ureme shallowness of the lopado

- -- :::.:::i ::::e deep suture present in the axial 
: -·-e p::-oximal surface. This species 

=-.. -- ·-- -e ::-:~ c:ose to the original P. syracu
- ::. "'"-:::::~~ . 7:hich was indicated in the 
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type figure to possess very shallow lopadoliths. 
The modern concept of P. syracusana as having 
moderately deep lopadoliths stems from the 
later work of Schiller (1925). 

Distribution: This species may be presumed 
to be alive today in waters of the Caribbean, 
Atlantic, Mediterranean, and Adriatic. It is 
most abundant at 12 em. in the Submarex pis
ton cores, but is more or less common throug
hout the drilled sequence as well. 

Pontosphaera discopora Schiller 
Plate VI, figs. 1-7 

Pontosplwera discovora ScHILLER, 1925, Arch. 
Protistenk., vol. 51 , p . 11 , pl. 1, fig. 4.-HAL· 
LDAL & MARKALI, 1955, Norske Vidensk. 
Akad., Avh., Mat. -Naturv. Kl., p. 19, pl. 27, 
figs. 1-3. 

Hypotypes: UI-H-3681-3683. 

Dimensions : Maximum length, 9.1 ~; maxi
mum width, 6.5 ~ -

Remarks: The perforate lopadoliths of this 
species are readily recognized. Electron mi
croscope investigation reveals that the perfo
rations are 0.2 to 0.3 ~ across, and that each 
is located in a shallow conical depression on 
the proximal surface of the lopadolith. The 
interference figure produced between crossed 
polarizers is that characteristic of all pontos
phaerids, but the perforations may be more 
distinctly seen than with simple transmitted 
light. 

Distribution: Present in the Submarex pis
ton cores; this species has been reported from 
Gulf Stream and Adriatic samples. 

Genus Helicopontosphaera Hay & Mohler, 1967 

TYPE SPECIES: Helicopontosphaera kamptneri 
Hay & Mohler, 1967. 

Definition: A complex shallow lopadolith 
with a spiral wall. 

Remarks: Hay & Mohler proposed this taxon 
for the concept of the genus H elicosphaera 
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Kamptner. The type species of Helicosphaera 
is Coccosphaera carteri Wallich, a species clo
sely allied to CoccolVthus pelagicus (Wallich) 
and quite unlike the helical lopadolith descri
bed by Kamptner. 

Helicopontosphaera kamptneri 
Hay & Mohler 

Plate VI, figs. 8, 10-15 

Coccolithophora pelagica (Wallich) of LoH
MANN, 1902 (part), Arch. Protistenk., val. 1, 
p. 138, pl. 5, fig . 58a, c. 

Coccolithus pelagicus (Wallich) of ScHILLER, 
1930 (part), in L. RABENHORST : Kryptoga
men-Flora, val. 10, pt. 2, p . 246. 

Coccolithus carteri (Wallich) of KAMPTNER, 
1941, Naturhist. Mus. Wien, Ann., val. 51, 
pp. 93, 11, pl. 13, fig. 136. 

Helicosphaera carteri (Wallich) of KAMPTNER, 
1954, Arch. Protistenk., val. 100, no. 1, p. 21, 
text-figs. 17-19.-DEFLANDRE, 1954, Arm. Pal., 
val. 40, p. 152, text-figs. 9-11, 75.-BLACK & 
BARNES, 1961, Roy. Micr. Soc., Jour., val. 80, 
pt. 2, pp. 139-140, pls. 22-23.-COHEN, 1964, 
Micropaleontology, val. 10, pp. 238, 240, pl. 3, 
fig. 2a-f, pl. 4, fig. !a-c.-COHEN, 1965, Leidse 
Geol. Meded., val. 35, p. 21, pl. 3, figs. o-q, 
pl. 17, figs. a-d.-MciNTYRE & B:E, 1967, Deep 
Sea Res., val. 14, p. 571, pl. 11, fig. A.-MciN
TYRE ET AL., 1967, in M. SEARS (ed.): Pro
gress in Oceanography, val. 4, pp. 12-13, pl. 6, 
figs. A-B. 

Coccol~thus pelagicus forma diademata GARDET, 
1955, Serv. Carte Geol. Algerie, Publ., n . ser., 
Bull. 5, p. 511, pl. 5, figs. 46-47. 

H elicopontosphaera kamptneri Hay & Mohler, 
1967, Gulf Coast Assoc . Geol. Sacs., Trans., 
val. 17, p. 448, pls. 10-11, fig. 5. 

Hypotypes: UI-H-3685-3689. 
Dimensions: Maximum length, 12 11; maxi

mum width, 5.2 11. 

Remarks : An excellent description of this 
species has been published by Black & Barnes 
(1961). Cohen (1964) noted the variation in 
size and shape of specimens from other carib
bean cores. 

272 

Distribution: According to Mcintyre ( 1967) 
this species occurs in subtropical waters of the 
North Atlantic, and is widely distributed. Its 
geologic record extends back to the Miocene. 
H . kamptneri is common throughout the Sub
marex cores. 

Helicopontosphaera wallichi 
(Lohmann) n. comb. 

Plate VI, fig. 9 

Coccolithophora wallichi LoHMANN, 1902, Arch. 
Protistenk., val. 1, p. 138, pl. 5, figs. 58a-b, 
59, 60.-LoHMANN, 1911, Int. Rev. Ges. Hydro
bioi. Hydrograph., val. 4, fig . 5 (p . 39).-LoH
MANN, 1913, Deutsch. Zool. Ges., Verh., val. 23, 
p. 146, fig. 1/ 4.-ScHILLER, 1925. Arch. Protis
tenk. val. 51, p. 37. 

Coccolithus wallichi (Lohmann) ScHILLER, 1930, 
in L. RABENHORST: Kryptogamen-Flora, val. 
10, pp. 247-248, fig. 124c. 

Coccolithus wallichi (Lohmann) KAMPTNER, 
1941, Naturhist, Mus. Wien, Arm., vol. 51, 
p. 112. 

Hypotype: UI-H-3684 . 

Dimensions: Maximum length, 11.7 11; maxi
mum width, 5.7 11. 

Remarks: Kamptner (1941) noted that Coc
colithus wallichi was close to his concept of 
Coccolithus carteri ( = H elicosphaera carteri 
of Kamptner; = Helicopontosphaera kampt
neri Hay & Mohler). The form originally des
cribed by Lohmann as Coccolithophora walli
chi has not been recognized in the more recent 
literature, but the electron micrograph presen
ted here almost certainly represents a coccolith 
of this species. The presence of a flagellum, 
which was indicated by Lohmann on a num
ber of different specimens, suggests that the 
species cannot belong to the genus Coccolz
thus, and from the outline and form indicated 
by Lohmann's various illustrations it seems 
evident that he must have had a species of 
Helicopontosphaera under observation. 

Relations : This species differs from H elico
pontosphaera kamptneri in having two slits in 
the base oriented at a steep angle to the long 
axis. 
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Distribution : Previously reported from the 
Adriatic, this species is rare in the Submarex 
cores. 

Genus Crassapontosphaera n . genus 

T YPE SPECIES : Crassapontosphaera jonesi, n. 
p. Diagnosis: Elliptica base lopadolithi cum 

depresso muro ex inclinatis et asperis membris 
facto, cum granulare margine. (Lopadoliths 
with an elliptical base, and a low wall formed 
by inclined laths, distal margin granular. ) 

Crassapontosphaera jonesi n. species 
Plate V, figs. 14-19 

Holotype: UI-H-3680. 

Paratype: UI-H-3679. 

Dimension: Holotype: length, 14.4 11; width, 
0.8 11 ; thickness, 4.8 11. 

Name: In honor of Dr. James I. Jones. 

Type locality: Submarex core E3, 694 em. 

Diagnosis : Magni ellipsis forma vmdosi lopa-
dolithi, cum ex asperis granis margine incur
m tis muro robusto facto. (Large elliptical 
shallow lopadoliths, with a wall reinforced by 
coarse granules which may be recurved at the 
di al margin.) 

De cription: The shield is large, thick, ellip
-:cal, slightly concave proximally; the distal 
:r.a rgin is formed of coarse granules. A deep 
s:.1 re is present along the long axis of the 
base; from the suture fine striae radiate in an 
.rrerular manner. 

Remarks : Electron microscopy shows that 
_...,e i.r egular pattern of striae is produced by 

_ L ·~:..:..:._-ca3ng sutures, and the rim may" seen to 
·- -- coarse serrations. The interference pat
· ~:::: _ :-00 ced between crossed polarizers is 
I :c ..: ·=use than in Pontosphaera. 

~~:.:.-: !l.S : This species does not closely 
_ :.:=-:· :e an · other late Tertiary or Recent 
___ - ~::ae:id but is similar in general ap

..:.::. ... o - Crepidoli thus crassus (Deflandre) 
-·- e -:.::as ·c. It differs from the latter 
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species in structural details, and in being much 
more broadly open. 

Distribution: Present in the Submarex dril
led cores below 983 em. 

Genus Koczyia n. genus 

TYPE SPECIES: Koczyia lepida, n. sp. 

Name: In honor of Profesor Fritz Koczy. 

Diagnosis : Lopadolithi cum celeriter expan
so limite (Lopadoliths having a distal margin 
which flares outward abruptly). 

Koczyia lepida n. species 
Plate VII, figs. 7-15 

Holotype: UI-H-3696-. 

Paratype: UI-H-3696. 

Dimensions: Holotype: maximum diameter, 
13.6 11; minimum diameter, 11.2 11. 

Type locality: Submarex core E3, 694 em. 

Diagnosis: Magnus ellipsis forma lopadoli
thus cum late expanso limite (large elliptical 
lopadolith with a wide, flaring distal rim). 

Description : Large, moderately deep ellip
tical lopadoliths with a widely flaring distal 
rim. The proximal shield is slightly concave, 
and marked by numerous sutures. Faint ribs 
and furrows are present on the wall. An elec
tron micrograph of the proximal view reveals 
construction very similar to that found in the 
closely related typical pontosphaerid lopado
liths. A straight suture is present in the long 
axis of the base, and irregular dendritic sutures 
radiate from it to the periphery. Long slender 
elements compose the deep wall; these appa
rently originate from multiple bifurcation of 
larger elements forming the basal shield. These 
long elements are inclined clockwise when vie
wed from the proximal side and flare abruptly 
outwards near the distal region, forming a 
flange. 

Relations : The abruptly outward flaring rim 
is unique to this species, no other pontosphae--
rid closely resembles it. r-t .. ·li; _? 

273 



BOUDREAUX, HAY 

Distribution: K leptda is rare throughout 
the Submarex cores. 

deep, basket-like lopadoliths can be referred 
to this genus with certainty. The other, shal
lower lopadoliths found in the recent form 
would be assigned to genera such as Pontos
phaera. 

Subfamily SCYPHOSPHAEROIDEAE n. subfam. 

TYPE GENUS: Scyphosphaera Lohmann, 1902. 

Diagnosis: Coccolithophores bearing large, 
deep, basket-like lopadoliths. 

Scyphosphaera apsteini Lohmann 
Plate VI, figs . 16-18 

Genus Scyphosphaera Lohmann, 1902 

TYPE SPECIES : Scyphosphaera apsteini Loh
mann, 1902. 

Scyphosphaera apsteini LoHMANN, 1902, Arch. 
Protistenk., vol. 1, p. 132, pl. 4, figs. 26-30.
DEFLANDRE, 1942, Bull. Soc. Hist. Nat. Tou
louse, vol. 77, p . 130, figs. 10-15.-KAMPTNER, 
1955, Verb. Kon. Nederl. Akad. Wetensch., 
Afd. Natuurkunde, 2nd. ser., vol 50, no . 2, 
p. 22, figs . 109-112. 

Definition: Coccolithphores bearing dimor
phic coccoliths; large, deep, basket-like lopa
doliths form an equatorial girdle or circlet; 
shallow lopadoliths cover most or all of the 
rest of the cell. 

Hypotype: UI-H-3690. 

Dimensions: Maximum length, 13.6 11 ; maxi
mum diameter, 14.4 11. Remarks : In fossil material, only the large, 
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PLATE V 

Figs. 1-3. Discosphaera tubifera (Murray & Blackman). (1) Side view, 
electron micrograph, Hypotype: UI-H-3671 , (P6407-10, 102 em.) 9750X; (2) pro
ximal vi,ew, electron micrograph, Hypotype: UI-H-3672, (P6407-10, 72 em. ) 
13,550X; (3) base, electron micrograph, Hypotype: UI-H-3673, (P6407-10, 72 em.) 
16,800X. 

Figs. 4-7. Discosphaera tubifera (Murray & Blackman). ( 4) and ( 5) side 
views, transmitted light; (6) and (7) distal views, transmitted light, Hypoty
pe: UI-H-3674, (P6407-10, 12 em.) 2,630X. 

Figs. 8-9. Pontosphaera scutellum Kamptner. (8) Distal view, electron 
micrograph, Hypotype : UI-H-3675, (E3, 574 em.) 4,130X; (9) proximal view, 
electron micrograph, Hypotype: UI-H-3676, (P6407-10, 102 em.) 4,130X. 

Figs. 10-13. Pont'osphaera scutellum Kamptner. ( 10) Distal views, trans
mitted light; (11) distal view, phase-contrast; (12 ) distal view, x-nicols, Hypo
type: UI-H-3677, (P6407-10, 62 om.) 2,630X; (13) side view, transmitted light, 
Hypotype: UI-H-3678, (P6407-10, 12 em.) 2,630X. 

Figs . 14-16. Crassapontosphaera jonesi n. gen. n. sp. ( 14) distal view, 
transmitted light; (15) distal view, phase-contrast; ( 16) side view, transmit
ted light, Paratype: UI-H-3679, (E3, 974 em.) 2,630X. 

Fig. 17. Crassapontosphaera jonesi n. gen. n. sp. Distal view, electron 
micrograph, Holotype: UI-H-3680, (E3, 694 em.) 4,130X. 

Fig. 18-19. Crassapontosphaera jonesi n. gen. n . sp. (18) Proximal view, 
transmitted light; (19) distal view, X-nicols, Paratype: UI-H-3679, (E3 , 974 em.) 
2,630X. 
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Remarks: Light microscopy reveals parallel 
ribs and furrows along the long axis of the 
basket-like lopadoliths. The specimens from 
the Submarex cores closely resemble those fi
gured by Lohmann. 

DEFLANDRE, 1942, Bull. Soc. Hist. Nat. Tou
louse, vol. 77, pp. 131-132, figs. 16-20. 

Distribution: This species is known to be 
widespread in the modern oceans, and has a 
geologic record which extends back to the late 
Miocene. Its occurrence in the Submarex co
res is sporadic; it is abundant between 12 and 
42 em. in the piston cores, and is rare to absent 
elsewhere. 

Scyphosphaera recta (Deflandre) KAMPTNER, 
1955, Verh. Kon. Nederl. Akad. Wetensch., 
Afd. Natuurkunde, 2nd. ser., vol. 50, no . 2, 
p. 23, figs . 115-116. 

Hypotype: UI-H-3691. 

Dimensions: Maximum length, 12 11; maxi
mum diameter, 10.4 11; minimum diameter of 
base, 4.011; maximum diameter of base, 5.6• 11. 

Scyphosphaera recta (Deflandre ) 
Plate VI, figs. 19-21 

Remarks: The elongate, basket-like lopado
liths of this species display a reticulate pattern 
in side view; the distal rim is sub-circular, but 
the base is elliptical. 

Scyphosphaera apsteini Lohmann var. recta 

Distribution: Found sparingly in the Sub
marex cores associated with S. campanula De
flandre and S. apsteini Lohmann. 

PLATE VI 

Figs. 1-2. Pontosphaera discopora Schiller. (1) Distal view, electron mi
crograph, Hypotype: UI-H-3681, (P6407-10, 102 em.) 5,830X; (2) proximal view, 
electron micrograph, Hypotype : UI-H-3682, (P6407-10, 72 em.) 5,830X. 

Figs. 3-7. Pontosphaera discopora Schiller. (3) Proximal vi.ew, transmit
t.ed light; (4) distal view, phase-contrast; (5) proximal view, X-nicols; (6) dis
tal view, X-nicols; (7) side view, Transmitted light, Hypotype: UI"H-3683 , 
(P6407-10, 12 em.) 2,630X. 

Fig. 8. Helicopontosphaera kamptneri Hay & Mohler. Proximal view, 
electron micrograph , Hypotype: UI-H-3684, (P6407-10, 102 em.) 4,130X. 

Fig. 9. Helicopontosphaera wallichi (Lohmann). Proximal view, electron 
micrograph, Hypotype: UI-H-3685, (P6407-10, 102 em.) 4,130X. 

Figs. 10-15. Helicopontosphaera kamptneri Hay & Mohler. (10) Proximal 
view, transmitted light; (11) proximal view, phase-contrast, Hypotype: UI
H-3686, (E1, 64 em.) 2,630X; (12) proximal view, X-nicols, Hypotype: UI-H-3687, 
(P6407-10, 12 em) 2,630X; (13) proximal view, long axis 30 degrees to X-nicols. 
Hypotype: UI-H-3688, (E1, 64 em.) 2,630X; (14) side view, transmitted light; 
( 15) side view, transmitted light, Hypotype: UI-H-3689, (P6407-10, 12 em.) 
2,630X. 

Figs. 16-18. Scyphosphaera apsteini Lohmann. (16) side vie.w, transmit
ted light, Hypotype: UI-H-3690, (P6407-9, 52 em.) 2,630X; ( 177) side view, 
X-nicols, low focus, Hypotype: UI-H-3690, (P6407-9, 52 em) 2,630X; (18) side 
view, X-nicols, high focus, Hypotype: UI-H-3690 (P6407-9, 52 em.) 2,630X. 

Figs. 19-21. Scyphosphaera recta (Deflandre). (19) Side view, transmitted 
light; (20) distal view, transmitted light; (21) proximal view, transmitted 
light, Hypotype: UI-H-3691 (E3, 834 em.) 2,630X. 
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Scyphosphaera campanula Deflandre 
Plate VII, figs. 1-2 

Scyphosphaera campanula DEFLANDRE, 1942, 
Bull. Soc. Hist. Nat. Toulouse, val. 77, p. 134, 
figs. 23-27.-KAMPTNER, 1955, Verb. Kon. Ne
derl. Akad. Wetensch., Afd. Natuurkunde, 
2nd ser., val. 50, no. 2, p. 26, fig . 134. 
Hypotype: UI-H-3692. 

Dimensions: Maximum length, 9.6 ~; maxi
mum diameter, 6.0 ~-

Remarks: S. campanula is an intermediate 
form having a shape between that of S. apstei
ni Lohmann and that of S. elegans Ostenfeld, 
as illustrated in the excellent text-figure of 
this lopadolith series presented by Deflandre 
(1942). S. campanula posses an elliptical base. 
is constricted medially, and has a sub-circular, 
flaring distal rim. 

Distribution: This species is found in Plio
cene strata in North Africa and Indonesia, 
and occurs in the Submarex cores only below 
2,354 em. 

Scyphosphaera coheni n. species 
Plate VII, figs. 5-6 

"Lopadolith" CoHEN, 1964, Micropaleontology, 
val. 10, pl. 1, fig. Sa. 

Holotype: UI-H-3694. 
Dimensions: Maximum length, 15.2 ~; maxi

mum diameter, 16.4 ~-

Name: In honor of Dr. Carl L. D. Cohen. 
Type locality: Submarex piston core P6407-9, 

52 em. 
Diagnosis : Lopadolithi forma truncati coni 

rLopadoliths in the form of truncate cones]. 
Description: Large, flaring lopadoliths re

sembling a truncated cone in side view; distal 
margin ornamented by ridges and grooves. 

Relations: This species is distinguished 
from S. apsteini Lohmann in being widest at 
the distal margin; it differs from S. antilleana 
n. sp. in having a smoothly flaring wall lacking 
any constriction near the base. 

Distribution: Found in the Submarex pis
ton cores. 
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Scyphosphaera antilleana n. species 
Plate VII, figs. 3-4 

"Lopadolith" CoHEN, 1964, Micropaleontology, 
val. 10, pl. 1, fig. 5b. 

Holotype: UI-H-3693. 

Dimensions : Maximum length, 16.4 ~; maxi
mum width, 17.5 ~-

Type locality: Submarex piston core P6407-9, 
52 em. 

Diagnosis: Magni lopadolithi cum coartac
tione apud jundamentum [Large vase-like lo
padoliths with a shallow constriction near the 
base]. 

Description: The wall arises from the base, 
flaring outward at an angle of about 70° to the 
mid-height of the lopadolith; distally, the wall 
becomes perpendicular to the plane of the 
distal margin. The wall is not, or only very 
slightly recurved distally, and no sculpture can 
be discerned. 

Remarks: This species differs from Scyphos
phaera apsteini Lohmann in being widely open 
distally; it is not so strongly conical asS. cohe
ni, n . sp . 

Family SYRACOSPHAERACEAE Lemmermann, 1908 

Definition: Coccolithophores bearing deli
cate heterococcoliths, commonly constructed 
of laths centrally and petaloid elements in 
the rim; caneoliths, cribriliths, cyrtoliths, and 
some deep lopadoliths belong here. 

Remarks: The oldest typical syracosphaerid 
known is Syracosphaera clathrata Roth & Hay, 
described from the Oligocene. The group has 
expanded greatly during the Pleistocene, and 
modern assemblages well may be the most di
verse in variety of structure and form. 

Genus Syracosphaera Lohmann, 1902 

Synonyms: Eusyracosphaera Kamptner, 1941 
[illegitimate, ICBN Art. 21]. Syracorhab
dus Lecal & Bernheim, 1960 [type not desig
nated, invalid]. 

TYPE SPECIES : Syracosphaera pulchra Loh
mann, 1902. 



Definition: Coccolithophores with a naked 
flagellar pole bearing dimorphic caneoliths, 
those of the circumflagellar cycle bearing a 
central spine, others being simple. 

Syracosphaera pulchra Lohmann 
Plate VIII, figs. 1-9 

Syracosphaera pulchra LOHMANN, 1902, Arch. 
Protistenk., val. 1, p. 134, pl. 4, figs. 33, 36, 
36a, 37.-SCHILLER, 1930, in L. RABENHORST: 
Kryptogamen-Flora, val. 10, pt. 2, pp. 207-
208, figs. 11, 30, 90a-b.-DEFLANDRE & FERT, 
1953, C. R. Acad. Sci., val. 236, fig. 6.-DE
FLANDRE & FERT, 1954, Ann. Pal. , VOl. 40, 
figs. 1, 2?, 3, 4.-HALLDAL & MARKALI, 1955, 
Norske Vidensk. Akad., Avh., Mat. -Naturv. 
Kl., no . 1, p. 12, pl. 11 .-BLACK & BARNES, 
1961, Roy. Micr. Soc., Jour., val. 80, p. 139, 
pl. 19, figs. 1-2.-COHEN, 1965, Leidse Geol. 
Meded ., val. 35, p. 20, pl. 12, fig . d , pl. 14, 
figs. a-b . 

Syracorhabdus pulchra (Lohmann) LECAL, 1967, 
Hydrobiol. , val. 24, pp. 315-316, text-fig. 11, 
fig. 15 . 

Hypotypes: UI-H-3700-3703. 

Dimensions: Maximum length, 5.2 ~.~; maxi
~um width, 4.1 ~.~. 

~emarks : Excellent electron micrographs of 
.-....., species have been published by Halldal & 
~~i (1955), Black & Barnes (1961), and 

~en 1965). Apparently this form is very 
·=- ;ca e, because well-preserved intact speci

:::.e::s a e rare in the Submarex samples. 

:Y-=:. 'bu ion : Reported from among the liv
-=-5 :;J:a::ucton and in the sediments of the Adria

cea.: erranean, and Atlantic . S. pulchra 
~ : .1::d occasionally in samples from the Sub

ores down to 2,475 em. 

co phaera histrica Kamptner 
P ate VIII, figs. 10-19 

__ ~ histrica KAMPTNER, 1941, Natur
Ann., val. 51 , p . 84, pl. 6, 
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Discolithus histricus (Kamptner) COHEN, 1964, 
Micropaleontology, val. 10, p. 236, pl. 1, 
fig . 2a-g, pl. 2, fig. 1. 

DiscoliJthus aff. histricus (Kamptner) CoHEN, 
1965, Leidse Geol. Meded., val. 35, p . 13, 
pl. 24, fig. a. 

Hypotypes: UI-H-3704-3706. 

Dimensions: Maximum length, 4.8 11; maxi
mum width, 3.2 ~.~. 

Remarks: Most specimens show poor preser
vation, prohibiting detailed electron micros
copy. The forms illustrated closely resem
ble electron micrographs published by Cohen 
0964, 1965). The central area is apparently 
composed of numerous slender elements con
verging from the elliptical margin to the cen
ter, and are fused at the center to form a spine 
perpendicular to the plane of the ellipse. The 
spine is probably longer while attached to the 
cell than that seen here; due to its fragile cons
truction, fossil specimens commonly show only 
a blunt stubby protuberance. The rim is ele
vated distally, as can be observed in the side 
view (Pl. VIII, fig. 19) and is composed of nu
merous imbricate calcite elements. Diagnos
tic interference figures are produced in pola
rized light. 

Distribution: This speices has been repor
ted as living in the Adriatic. It occurs in many 
Caribbean deep-sea cores. In the Submarex 
piston cores, it is most abundant at 12 em., 
and is common to rare throughout the remain
der of the drilled and piston cores. 

Family CALYPTROSPHAERACEAE n. fam. 

TYPE GENus: Calyptrosphaera Lohmann, 1902. 
Diagnosis: Coccolithophores bearing bolo

coccoliths. 

Genus Anthosphaera Kamptner, 1936 

TYPE SPECIES : Anthosphaera jragaria Kampt
ner, 1936. 

Definition: Coccolithophores bearing dimor
phic calyptroform holococcoliths; those of the 
circum-flagellar region being strongly inflated 
to form a petaloid distal structure. 
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Anthosphaera quatricornu (Schiller) 
Plate VIII, fig. 20 

Syracosphaera quatricornu ScHILLER, 1914, Int . 
Rev. Hydrobiol. u . Hydrogr., Biol. Suppl. 6, 
4. Heft, Art . 5, p. 6, pl. 2, fig . 19 ["18"]. 

Syracosphaera quadricornu ScHILLER, 1925, 
Arch. Protistenk., val. 51, p. 22, pl. 2, fig . 18. 

Anthosphaera robusta (Lohmann) of KAMPTNER, 
1941 (part), Ann. Naturh. Mus. Wien, val. 51, 
p. 86, pl. 9. 

Anthosphaera quadricornu (Schiller) HALLDAL 
& MARKALI, 1955, Avh. Norske Vidensk. 
Akad. , Mat. -Naturv. Kl., no. 1, p. 17, pl. 21. 

Hypotype: UI-H-3707. 

Dimensions: Maximum height, 2.2 11; maxi
mum width, 2.9 11. 

Remarks: This species is extremely rare in 
the Submarex core, and only one electron mi
crograph is available for study. Better illus
trations have been provided by Halldal & Mar
kali (1955). 

Distribution: A single specimen has been 
found in Submarex piston core P6407-9, at 
102 em. This species is known to live in the 
Gulf Stream. 

Family SPHENOLITHACEAE Deflandre, 1962. 

Definition: Sphenoliths. 

Genus Sphenolithus Deflandre, 1952 

TYPE SPECIES : SphenoliJthus radians Deflandre, 
1952. 

Definition: Rounded to spinose nannofos
sils constructed of many small elements radiat
ing from a common center. 

Sphenolithus abies Deflandre 

Sphenolithus abies Deflandre, 1953, C. R. Acad. 
Sci., val. 237, p. 1786 [nom. nud.]. 
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TEXTFIGURE A 

Sphenolithus abies D e f 1 andr e. Sid e views: 
(1 ) X-nicols; ( 2) plane polarized light; (3 ) phase 
contrast , Hypotyp e: UI-H-3730 (DS , 1644 em .), 
2,130 X. 

Sphenolithus abies Deflandre, 1954, in Deflan
dre & Fert, Ann. Pal. , val. 40, p. 164, pl. 10, 
figs. 1-4. 

Hypotype: UI-H-3730. 

Remarks: This species is rare at the base 
of the Submarex cores. 

Order ORTHOLITHAE Deflandre, 1952 

Definition: Coccolithophores bearing cocco
liths which behave optically as though cons
tructed of one or a few crystallites; generally 
extinguished between crossed polarizers . 

Family CALCIOSOLENIACEAE Kamptner, 1937 

Definition: Fusiform coccolithophores bear
ing scapholiths. 

Genus Scapholithus Deflandre, 1954 
Plate VII, figs. 16-20 

TYPE SPECIES: Scapholithus tassilis Deflandre, 
1954. 

Definition: Isolated scapholiths formed by 
an elongate rhomboidal rim with fiat laths ex
tending to the mid-line along the long axis of 
the rhomb. 



Scapholithus fossilis Deflandre 
Plate VII, figs. 16-20 

Scapholithus jossilis DEFLANDRE, 1954, Ann. Pal., 
VOl. 40, p. 165, pl. 8, fig . 12, 16, 17.-COHEN, 
1964, Micropaleontology, val. 10, no. 2, p. 244, 
pl. 3, fig. 4a-f, pl. 4, fig . 2a-c.-COHEN, 1965, 
Leidse Geol. Meded., val. 35, pp. 24-25, pl. 3, 
figs. j-1, pl. 25, figs . a-d . 

Hypotypes: UI-H-3697-3699. 

Dimensions: Maximum length, 5.6 ~ ; maxi
mum width, 1.4 ~-

Remarks: Forms encountered in the Subma
rex samples are of the scalar type, in which 
·he laths from both sides of the rhomb meet 
\"ithout offset along the mid-length of the sca-

pholith. 

Distribution: Isolated scapholiths are 
;mown from the upper Cretaceous to Recent. 
They occur in the Submarex cores down to 
6 3 em. 

:?amily BRAARUDOSPHAERACEAE Deflandre, 1947 

Definition: Coccolithophores bearing pental
:·hs. 

Genus Braarudosphaera Deflandre, 1947 

-:-...,- PE PECIES : Pontosphaera bigelowi Gran & 
Braarud, 1935. 

:Je5nition : Coccolithophores with pental
--·~- . each pentalith constructed of five crystal 
-..:::.::s : pentaliths smooth, united to form a do-
c.- ·..,edral coccosphere. 

rudosphaera bieglowi (Gran & Braarud ) 
Plate VIII, figs . 21-23 

_pizaera bi gelowi GRAN & BRAARUD, 1935, 
; :....:- B "ol. Board Canada, val. 1, p. 389, fig. 67. 

::.-:;._....,. :..do phaera bigelowi '(Gran & Braarud) 
J:::::--:.......:;nRE, 1947, C. R. Acad. Sci., val. 225 , 
:= ~39. figs. 1·5.-DEFLANDRE, 1954, Ann. Pal. , 

: ~ o. pp. 165-166 , pl. 10, figs . 8-13, pl. 13, 
-~- - -9.-BRAMLETTE & RIEDEL, 1954, Jour. 
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Paleont., val. 28 , pp. 393-394, pl. 38, fig. 6a-b . 
GAARDER, 1954, Rept. Sci. Results "Michael 
Sars" North Atlantic Deep-Sea Expect. 1910, 
VOl. 2, no . 4, pp. 5-6, fig. 2.-MARTINI, 1958, 
Senck. Leth., val. 39, p. 355, pl. 2, fig. 6a-b.
BRAMLETTE & SULLIVAN, 1961, Micropaleonto
logy, val. 7, p. 153, pl. 8, figs. la-b, 2-5 .-HAY 
& TowE, 1962, Science, val. 137, p. 426, fig. 1. 
COHEN, 1965, Leidse Geol. Meded., val. 35, 
p . 31, pl. 6, figs. a-d.-MARTINI, 1967, N. Jb. 
Geol. Palaeont., Mh., val. 10, pp . 598-600, 
fig. la-b . 

Hypotype : UI-H-3708. 

Dimension: Maximum diameter, 10.8 ~

Remarks: This species is distinguished by 
its angular outline. 

Distribution: This long ranging species is 
rare in the Submarex cores, occuring at 12 em., 
62 em., and 613 em. 

Braarudosphaera perversus Sullivan 
Plate VIII, figs. 24-26 

Braarudosphaera perversus SULLIVAN, 1965, 
Univ. Calif. Publ. Geol. Sci., val. 53, p. 39, 
pl. 8, figs . 2a-b. 

Hypotype: UI-H-3709. 

Dimension: Maximum diameter, 8.0 ~ 

Remarks: Pentaliths constructed of five tra-
pezoidal crystals forming a subangular penta
gon are referred to this species. The segments 
of the pentalith are thickened along the sutu
res in the central region; the sutures curve 
slightly near the periphery. 

Distribution: Originally described from the 
Eocene of California, specimens from Subma
rex samples closely resemble that figured by 
Sullivan. Rare specimens are encountered at 
62 em., 613 em., and 2,755-4,725 em. 

Family DISCOASTERACEAE Tan Sin Hok 

Definition: Ortholithid asteroliths. 

Genus Discoaster Tan Sin Hok, 1927 

TYPE SPECIES : Discoaster pern,taradiatus Tan 
Sin Hok, 1927. 
Definition: Ortholithid asteroliths. 
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Discoaster pentaradiatus Tan Sin Hok 
Plate IX, figs. 1-3, 13 

Discoaster pentaradiatus var. y TAN SIN HoK, 
1927, Jaarb. Mijnw. Nederl.-Indie, vol. 55, 
p. 120, fig. 14.-TAN SIN HOK, 1927, Proc. Sect. 
Sc. Kon. Akad. Wetensch. Amsterdam, vol. 
30, p. 416, fig. 14. 

which the bifurcate ray tips appear to have 
been broken off are shown in Pl. IX, figs. 1-3. 
The specimen illustrated in Pl. IX, fig. 13 is 
typical of the present concept of the species. 

Distribution: This species first appeared in 
the late Miocene, and became extinct in the 
late Pliocene. It is found to be present, but 
very rare, in the Submarex cores from 4,725 
em. to 5,529.5 em. 

Discoaster pentaradiatus Tan Sin Hok BRAM· 
LETTE & RIEDEL, 1954, Jour. Paleont., VOl. 28, 
pp. 401-402, pl. 39, fig. 11, text-figs. 2a-b.
MARTINI & BRAMLETTE, 1963, Jour. Paleont., 
vol. 37, p. 853, pl. 105, fig. 5. 

Discoaster brouweri Tan Sin Hok 
Pl. IX, figs. 10-12 

Hypotypes: UI-H-3710, 3715. Discoaster brouweri "type" TAN SIN HoK, 1927, 
Jaarb. Mijnw. Nederl.-Indie, vol. 55, p. 120, 
fig. 8a-b.-TAN SIN HOK, 1927, Proc. Sect . Sc. 
Kon . Aka.d. Wetensch. Amsterdam, vol. 30, 
p. 415, figs. 8a-b. 

Dimension: Maximum diameter, 12 11. 

Remarks: Specimens referred to this species 
represent a large evolving plexus. Future 
work should be directed toward refinement of 
species definitions within this group, but this 
cannot be done until pelagic Pliocene sections 
are available for study. Specimens from 

Discoaster brouweri Tan Sin Hok emend. 
BRAMLETTE & RIEDEL, 1954, Jour . Paleont., 
vol. 38, p. 402, pl. 39, fig. 12, text-figs. 3a-b.-
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PLATE VII 

Figs. 1-2. Scyphosphaera campanula Deflandr-e. ( 1) Side view, transmitted 
light; (2) distal view, transmitted light, Hypotype: UI-H-3692, (E3, 834 em.) 
2,630X. 

Figs. 3-4. Scyphosphaera antilleana n. sp. (3) Side view, X-nicols; 
( 4) ~ide view, phase-contrast, Holotype: UI-H-3693 , (P6407-9, 52 em.) 1650X. 

Figs. 5-6. Scyphosphaera coheni n. sp. (5) Side view, phase-contrast; 
(6) side view, transmitted light, Holotype: UI-H-3694, (P6407-9, 52 em.) 2,630X. 

Fig. 7. Koczyia lepida n . gen. n. sp. Proximal view, electron micrograph, 
Holotype: UI-H-3695, (E3, 694 em.) 4,130X. 

Figs. 8-15. Koczyia lepida n. gen. n .sp. (8) Proximal view, transmitted 
light; (9) proximal view, transmitted light; (10 ) proximal view, transmitted 
light; (11) distal view, transmitted light; (12) proximal view, X-nicols; (13) pro
ximal view, X-nicols; (14) side view, transmitted light; (15) side view, trans
mitted light, Paratype: UI-H-3696 (El, 83~ em.) 2,630X. 

Fig. 16. Scapholithus fossilis Deflandre. Plan view, electron micrograph, 
Hypotype: UI-H-3697, (P6407-10, 12 em.) 9,750X. 

Figs. 17-19. Scapholithus fossilis Deflandre. Plan views, transmitted 
light, Hypotype: UI-H-3698, (P6407-10, 12 em.) 2,630X. 

Fig. 20. Scapholithus fossilis Deflandre. Plan view, electron micrograph, 
Hypotype: UI-H-3699, (P6407-10, 102 em.) 5,830X. 
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MARTINI & BRAMLETTE, 1963, Jour, Paleont., 
VOl. 37, p . 851, pl. 102, figs. 9-10.-HAY ET AL., 
1967, Gulf Coast Assoc. Geol. Sacs., Trans., 
val. 17, pl. 5, figs. 1-4. 
Hypotype: UI-H-3714. 

Dimension: Maximum diameter, 13 l-1 . 

Remarks: This species is currently used in 

The highest occurrence of this . species in the 
Submarex cores is at 2,354 em. It is present 
consistently below that level, being most abun
dant between 4,030.5 and 4,090.5 em. It is 
always rare in comparison with coccoliths, and 
never occurs as a flood of specimens in Sub
marex samples. 

~~te IX, '§g·. Hl 

a very broad sense to include most 3-6 rayed 
asteroliths with smooth long arms. Redefini
tion and detailed stratigraphic studies should 
reveal that an evolving plexus is contained 
within the present species concept. The spe
cimens illustrated here are heavily calcified. 

Distribution: This species has its first oc
currence in the Globigerinatella insueta Zone 
of the Miocene. In the Miocene, most speci
mens have six rays, but in the Pliocene, five, 
four, and three rayed specimens are common. 
Before becoming extinct, at the end of the Plio
cene, six rayed specimens again dominate. 

..Q@88Ba\Bter BUP9'htlUS ~IJ:t.H'fHH & ;gHAM1513'f'fE1 

19!56, Jsl!!lF. Palem'lt., vel. 67, p. g94, pl. 1041 

fiigs. 10 H!. g.w E'f .".15.1 1Q~7, Qylf Coast 
Asses. Qesl. e888., TF8M8., vel. 17, fll. e, Hg'. !5. 
Ilyf'JOtYfle: UI H 3713. 

Di'ffieMsioM: Mauim"bl:FH diameteF, aboYt 1:;! ~· 

ReffiaFlrs : VeFy FaFe, fie~·<'ilY e~lei'BeEi s}3eei 
l'l'l:SMS FNay be FefeFable te fJ. B'l:tPB'l:tl'ttB. Tflese 
FNay Vl8U be F8WOFl'E8d fFOFN OlEiSF Btf~t~. 

PLATE VIII 

Fig. 1-3. Syracosphaera pulchra Lohmann. (1) Proximal view, electron 
micrograph, Hypotype: UI-H-3700, (P6407-10, 12cm.) 5,830X: (2) distal view, 
electron micrograph, Hypotype: UI-H-3701, (P6407-10, 102 em.) 9,750X; (3) plan 
view, electron micrograph, Hypotype: UI-H-3702, (P6407-10, 12 em.) 5,830X. 

Figs. 4-9. Syracosphaera pulchra Lohmann. (4) Distal view, transmitted 
light, low focus; (5) distal view, transmitted light, high focus; (6) distal view, 
phase-contrast; (7) distal view, X-nicols; (8) proximal view, X-nicols; (9) side 
view, transmitted light, Hypotyp.e: UI-H-3703, (P6407-10, 12 em.) 2,630X. 

Figs. 10-11. Syracosphaera histrica Kamptner. (10) Proximal view, elec
tron micrograph, Hypotype: UI-H-3704, (E1, 64 em.) 9,750X; (11) distal view, 
electron micrograph, Hypotype: UI-H-3705, (P6407-10, 72 em.) 11,450X. 

Figs. 12-19. Syracosphaera histrica Kamptner. (12) Proximal view, trans
mitted light; ( 13) proximal view, phase-contrast; (14) proximal vi,ew, X-nicols; 
(15) proximal view, 45 degrees to X-nicols; (16) distal view, phase-contrast; 
(17) distal view, phase-contrast ; (18) distal view, X-nicols; ( 19) side view, 
transmitted light, Hypotype: UI-H-3706, (P6407-10, 12 em.) 2,630X. 

Fig. 20. Anthosphaera quatricornu (Schiller). Side view, electron micro
graph, Hypotype: UI-H-3707, (P6407-10, 102 em.) 11,450X. 

Figs. 21-23. Braarudosphaera bigelowi (Gran & Braarud). (21) Plan view, 
transmitted light; (22) plan view, phase-contrast; (23) plan view, X-nicols, 
Hypotype: UI-H-3708, (E1, 64 em.) 2,630X. 

Figs. 24-26. Braaraudosphaera perversus (Sullivan). (24 ) Plan view, trans
mitted light; (25) plan view, phase-contrast ; (26) plan view, X-nicols, Hypoty
pe: UI-H-3709, (P6407-10, 62 em.) 2,630X. 
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Distri"BHtion: ~flOFa6He, alwa;¥s YQry r:uQ 
TE.e fig'l:lrea Sfleeimen is from eore ;gg, Q74 QJ;N, 

Discoaster extensus Hay 
Plate IX, figs . 7-9 

Discoaster extensus HAY, 1967, in HAY ET AL., 
Gulf Coast Assoc. Geol. Socs., Trans., vol. 17, 
p . 451, pl. 3, figs. 10, 12, pl. 4, figs . 1-2 . 

Hypotype: UI-H-3712. 
Dimension: Maximum diameter, 15 ~

Remarks: The concept of this species is at 
present rather broad, but will become more 
restricted as studies continue. Like D. penta
mdiatus and D . brouweri, this species proba
bly represents an evolving plexus. 

Relations: D. variabilis Martini & Bramlet
te differs in possessing a distinctively sculptu
red center; it seems to be restricted to the 
middle Miocene. Specimens from Pliocene 
strata referred to D. variabilis lack the orna
mentation of the central disc, and should be 
referred to D . extensus . 

Distribution: Specimens assignable to this 
species appear in the Globorotalia fohsi bari
sanensis Zone of the Miocene, and range to the 
late Pliocene. D . extentsus is found sparingly 
in the Submarex cores from 4,725-5,529.5 em. 

Discoaster nephados Hay 
Plate IX, figs . 4-6 

Discoaster nephados HAY, 1967, in HAY ET AL., 
Gulf Coast Assoc. Geol. Soc., Trans., vol. 17, 
p . 452, pl. 2, figs . 4-5. 

Hypotype: UI-H-3711. 

Dimension: Maximum diameter, 9.6 ~

Remarks: A few specimens from the Sub-
marex samples are referred to this species. 

Distribution: This species is very abundant 
in the C'atapsydrax dissimilis and Catapsydrax 
stainforthi Zones of the Miocene in Trinidad, 
but may have a longer range elsewhere. A few 
specimens have been found in the Submarex 
material in a sample from 4,090.5 em., but these 
are heavily calcified and are regarded as pro
bably reworked from older strata. 
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Discoaster perplexus Bramlette & Riedel 
Plate IX, figs. 14-18 

Discoaster perpleXUS BRAMLETTE & RIEDEL, 1954, 
Jour. Paleont., vol. 28, pp. 400-401, pl. 39, 
fig. 9.-STRADNER & PAPP, 1961, Geol. Bun
desanst., Jhrb., Sdrbd., 7, p . 100, p. 30, 
figs. 1-7, text-fig. 9.-BLACK & BARNES, 1961, 
Roy. Micr. Soc., Jour., vol. 80, pt. 2, pp. 144-
145, pl. 24, fig. 1.-COHEN, 1964, Micropaleon
tology, vol. 10, pp. 246-247, pl. 5, fig. 4a-c, pl. 6, 
fig. 4a-b.-HAY ET AL., 1967, Gulf Coast Assoc. 
Geol. Socs., Trans., vol. 17, pl. 5, figs. 10-12. 

Hypotypes: UI-H-3716,3718. 

Dimension: Maximum diameter, 9 ~

Remarks: An excellent description of this 
species has been presented by Black & Barnes 
(1961). The specimens are constructed of 10-
12 triangular calcite elements radiating from 
the center. Light microscopy reveals the pre
sence of sutures separating each triangular ele
ment, however the sutures are seen to be very 
shallow in the electronmicrographs. Speci
mens viewed between crossed nicols shows 
complete extinction, except for a small illumi
nated area in the center. Electron microscopy 
reveals that the center of the disc is construc
ted of a cycle of very small triangular elements, 
and it is these that produce the tiny interfe
rence figure . 

DISTRIBUTION: D . perpleXUS has itS Oldest 
occurrence in the Catapsydrax stainforthi Zone 
of the Miocene. Through the Miocene, speci
mens of this species rarely exceed 5 ~ in diame
ter, but in Pliocene and younger strata they 
are commonly almost twice that size. Alt
hough this species has not been reported 
among modern plankton, its occurrence in 
Recent sediments suggests that it may still be 
living. It is present throughout the Subma
rex cores, but is most abundant at 613 em. 

Family CERATOLITHACEAE Norris, 1965 

Definition: Coccolithophores bearing cera
toliths. 
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Genus Ceratolithus Kamptner, 1950 

TYPE SPECIES: Ceratolithus cristatus Kampt
ner, 1954. 

Definition: Ceratoliths in the form of an 
elongate crescent. 

Ceratolithus cristatus Kamptner 
Plate X, figs. 16-19 

Ceratolithus cristmtus KAMPTNER, 1954, Arch. 
Protistenk., vol. 100, p. 43, figs. 44-45.-COHEN, 
1964, Micropaleontology, vol. 10, p. 244, 246, 
pl. 5, figs. 5a-d, pl. 6, fig. 5.-COHEN, 1965, 
Leidse Geol. Meded., vol. 35, p. 36, pl. 3, 
figs. m, n.-NORRIS , 1965, Arch. Protistenk., 
vol. 108, pp. 19-21, pl. 11, figs. 1-4, pl. 12, 
figs. 1-4. 

Hypotypes: UI-H-3728-3729. 

Dimensions: Maximum length, 14.4 ll; maxi
mum width, 8.8 ll. 

Remarks: Tje coccoliths of this species ar~ 
borne singly, one to a cell, and are asymmetn
cal crescents of calcite with two tapering horns 
of unequal length. Although the structure of 
the ceratoliths is complex, they behave as sin
gle crystals of calcite, and complete extinction 
is noted in forms oriented with the axis pas
sing between the horns oriented parallel to a 
plane of polarization. Specimens appear thi
ckest where the curvature is strongest. 

Distribution: Found throughout the Sub
marex core, but progressively rarer with depth . 

INGERTAE SEDIS 

Genus Oolithotus Reinhardt, 1968 

TYPE SPECIES : Discolithus antillarum Cohen, 
1964. 

Definition : Ortholithid placoliths with poly
gonal outline, constructed of many contiguous 
rays radiating from an off-center point. 

Oolithotus antillarum (Cohen), n. comb. 
Plate IX, figs. 19-20, Plate 10, figs. 1-3 

Discolithus antillarum COHEN, 1964, Micropa
leontology, vol. 10, p. 236, pl. 1, fig. 3a-e, pl. 2, 
fig. 2a-b.-MCINTYRE ET AL., 1967 in M. 
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SEARS (ed.), Progress in Oceanography. vol. 
4, pp. 7-8, pl. 1, figs. C-D. 

Cyclococcolithus fragilis (Lohmann) Deflandre 
of MciNTYRE & B:E, 1967, Deep Sea Res., 
vol. 14, p. 570, pl. 9, fig. C. 

Oolithotus antillarum (Cohen) CoHEN & REIN
HARDT, 1968, N. Jb. Geol. Palaeont., Abh., 
vol. 131, p. 297, pl. 19, figs. 19-23, pl. 21, 
figs . 1, 5, 7. 

Hypotypes: UI-H-3719-3721. 

Dimension: Maximum diameter, 7.2 ll . 

Remarks : An adequate description has been 
presented by Cohen (1964), however it should 
be noted that these objects are placoliths, as 
has been observed by Mcintyre et al. (1967). 
Mcintyre & Be (1967) referred this peculiar 
object to the species C. fragilis [Coccolithopho-
ra fragilis Lohmann]. Lohmann's original il
lustrations of C. fragilis show the species to 
have a very small proximal shield and a much 
larger distal shield, but do not indicate any 
of the asymmetry characteristic of this nanno
fossil. Between crossed polarizers a vague 
interference cross appears, apparently being 
produced by the distal sheld. This rules out ..-t. 

" the possibility of assigning this species to the 
family Coccolithaceae, as the proximal, not 
the distal shield produces an interference figu
re in that group. The asymmetrical construc
tion is unique among placoliths, and its closer 
affinities remain unknown. 

Distribution : Common in the Submarex co
res down to 2,474.5 em., and rare throughout 
the remainder of the cores . 

Genus Ellipsodiscoaster n. genus 

TYPE SPECIES: Ellipsodiscoaster lvdzi, n. spe
cies. 
DIAGNOSIS : Discoasteroid testae ellipsis forr

mis cum petaloid membris ex centro radianti
bus, cum flecticantibus brachiis et metdia ellip
sis forma cum elementis simile numero, diver
sos heliJolith~d cry9tallographicam orientatio
nem habentibus. [Elliptical discoaster-like 
forms composed of numerous petaloid rays 
radiating from the central area with reinforc
ing flanges and a central elevated elliptical 

287 



BOUDREAUX, HAY 

area composed of an equal number of ele
ments having heliolithid crystallographic orien
tation]. 

an elevated elliptical central area. The gene-
ral outline of the coccolith is sub-elliptical; 
shallow notches between the rays produce ser
rations. The petaloid rays are reinforced by 
flange like elements which are inclined coun
terclockwise when viewed from the proximal 
side. The flanges arise from the elevated cen
tral area, and extend out to near the periphery. 
The reinforcing elements are less conspicuous 
on the distal side. The elevated central plug 
is composed of a number of elements equal 
to the number of rays. 

Ellipsodiscoaster lidzi n. species 
Plate X, figs. 4-15 

Holotype: UI-H-3723. 
Paratypes: UI-H-3722, 3724-3727. 

Dimensions: Holotype: Maximum length, 
8.0 11; maximum width, 6.0 11 . 

Name: In honor of Mr. Louis Lidz . 
Relations: The only other coccolith which 

resembles this object is "Discoaster murrayi" 
Black & Barnes, which has been shown by 
Mcintyre & Be (1967, p. 567) to be the micro
coccolith of Umbellosphaera irregularis Paas
che. The micrococcoliths of U. irregularis lack 
the distinctive reinforcing flanges which are 
characteristic of E. lidzi. 

Type locality: Submarex core El, 64 em. 
DIAGNOSIS: Discoasteroid testae ellipsis for-

ma cum petaloid membris ex brachiis latis et 
cum heliolithid excelsa area. [Elliptical dis
coaster-like forms with petaloid elements sup
ported by reinforcing flanges, and with a he
liolithid elevated central area]. 

Description: Specimens are constructed of 
21-24 petaloid rays abutting each other to a 
point near the margin. The rays radiate from 

Distribution: Common in the upper Sub
marex cores, becoming progressively less abun
dant with depth; not found below 4,200 em. 
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PLATE IX 

Figs. 1-3. Discoaster pentaradiatus Tan Sin Hole (1) Plan view, trans
mitted light; (2) plan view, phase-contrast, low focus; (3) plan view, phase
contrast, high focus, Hypotype: UI-H-3710 (D5 , 1644 ern.) 2,630X. 

Figs. 4-6. Discoaster nephados Hay. ( 4) Plan view, transmitted light; 
(5) plan view, X-nicols; (6) plan view, phase-contrast, Hypotype: UI-H-3711 
(E4, 1324 ern.) 2,360X. 

Figs. 7-9. Discoaster extensus Hay. (7) Plan view, transmitted light, high 
focus; (8) plan view, transmitted light, low focus; (9) plan view, phase-con
trast, Hypotype: UI-H-3712, (D5, 1644 ern.) 2,630X. 

Fig. 10-12. Discoaster brouweri Tan Sin Hok. (10) Plan view, transmit
ted light, hypotype: UI-H-3713, (E3, 974 ern.) 2,630X; (11) Plan view, trans
mitted light; (12) plan view, phase-contrast, Hypotype: UI-H-3714 (D4, 1534 
ern.) 2,630X. 

Fig. 13. Discoaster pentaradiatus Tan Sin Hok. Oblique view, transmit
ted light, Hypotype: UI-H-3715, (D4, 1534 ern.) 2,630X. 

Figs. 14-16. Discoaster perplexus BramLette & Riedel. ( 14) Plan view, 
transmitted light; (15) plan view, phase-contrast; (16) plan view, X-nicols , 
Hypotype: UI-H-3716, (E1, 64 ern.) 2,630X. 

Fig. 17. Discoaster perplexus Bramlette & Riedel. Plan view, electron 
micrograph, Hypotype: UI-H-3717, (P6407-10, 72crn.) 4,130X. 

Fig. 18. Discoaster perplexus Bramlette & Riedel. Side view, transmit
ted light, Hypotype: UI-H-3718 (P6407-10, 12 em.) 2,630X. 

Fig. 19. Oolithotus antillarum (Cohen). Side view, transmitted light, 
Hytotype: UI-H-3719, (P6407-10, 12 em.) 2,630X. 

Fig. 20. Oolithotus antillarum (Cohen). Plan view, electron micrograph, 
Hypotype: UI-H-3720, (E1, 64 em.) 4,130X. 
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PLATE X 

,figs . 1-3. Oolithotus antillarum (Cohen). ( 1) Plan view, transmitted light; 
(2) plan view, phase-contrast; (3) plan view, X-nicols, Hypotype: UI-H-3721, 
(E1, 64 em.) 2,630X. 

Gigs. 4-7. Ellipsodiscoaster lidzi n. gen. n. sp. ( 4) Distal view, electron mi
crograph, Paratype: UI-H-3722, (E1, 64 em.); (5) proximal view, electron mi
crograph, Holotype: UI-H-3723, (E1, 64 em.); (6) proximal view, electron 
micrograph, Paratype: UI-H-3724, (E1, 64 em.) 5,830X; (7) distal view, elec
tron micrograph, Paratype: UI-H-3725, (P6407-10, 62 em.) 5,830X. 

Gigs. 8-15. Ellipsodiscoaster lidzi n. gen. n. sp. (8) Distal view, transmit
ted light-polarized in one direction; (9) distal view, phase-contrast-polarized 
in one direction, Paratype: UI-H-3726, (P6497-10, 62 em.) 2,630X; (10) distal 
vi.ew, phase-contrast, Paratype: UI-H-3727, (E3, 574 em.) 2,630X; (11) distal 
view, X-nicols, Paratyp.e: UI-H-3726, (P6407-10, 62 em.) 2,630X; (12-15) side 
views, transmitted light, Paratype: UI-H-3727 (E3, 574 em.) 2,630X. 

Fig. 16. Ceratolithus cristatus Kamptner. Plan view, electron micrograph 
Hypotype: UI-H-3728, (P6407-9, 52 em.) 3,500X. 

Figs. 17-19. Ceratolithus cristatus Kamptner. Plan views: (17) transmit
ted light; (18) phase-contrast; (19) X-nicols, Hypotype: Ul-H-3729, (P6407-9, 
52 em.) 2,630X. 
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