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ABSTRACT 

From the uppermost Miocene (Messinian) to the Recent six planktonic foramini ferJ I zones lwvc 
been recognized in tropic;al and subtropical latitudes. Using overlapping segment~ from deep
sea cores previou~l y dated by means of planktonic forami nifers, the ealc.:areous nannofossils were 
analyted for this same interval in order lo relate nannofossil ranges to the- e~tablished foraminiferal 
zones. 

With the. light microscope ten calcareous nannofossil zones are readily distinguishable f'or this 
interval, two for the uppennus t .\1iocenc (Yiessinian), five for the Pliocene, and three for lhc 
Quaternary-Recent. TI1e late Mi o~.:ene·Plioccnc nannofossil zones <• rc ba..;;ed primarily on partiul 
ranges and concurrent ranges of species of DijCoosrer and Ceratolirhm. whereas the Quaternary 
nannofossil zones arc based on partial ranges nnd concurrent r;mgcs of three placolith genera that 
successively dominate the nannofossil assemblage. 

The boundaries of the calcareous nannofossil zones do not correspond to the boundaries of 
the planktonic foraminifer zones. nltltough in some case~ they are rela tively close. One exception b 
the top of zone N-2 1, which is marked by the lirst evolutionary occurrence of (,'foborota/in 
lrunCIJtlllinoides, and wltich corresponds rather closely to the extinction of discoasters in deep·sca 
sediments. 

INTRODUCTION 

Planktonic foraminifer zonations for the CreLaceous 
and Tertiary have been in wide use among pnlcontologists 
for well over a decade, and, in fact, have been the 
backbone of biostratigraphy of Upper Cretaceous and 
Tertiary marine sediments for some time. Calcareous nan
nofossils , alLhough known for some time , have been used 
in applied biostratigraphy only very recently , owing, no 
doubt. to their minute size, which has made their study 
extren1ely difficult until the relatively recent introduction 
of sophisticated light optical and electron optical equip· 
ment. Also, until the usefulness of planktonic foraminifers 
was fully appreciated and exploited there was little stirnu· 
lum to investigate a relatively unknown group of fossils . 
Since 1960, however, an ever increasing number of papers 
has stressed the potential of calcareous nannofossils as 
biostratigraphic markers, and at the present t ime nanno· 
fossil zonations of the Tertiary are about as fine as arc 
planktonic foraminiferal zonations. In addition, however, 
nannofossils offer the following advantage: 1. very small 
samples . on the order of a few milligrams · commonly 
yield a representative nannofossil assemblage if nanno· 
fossils arc indigenous to the sample; 2. age determinations 
can be made within a matter of minutes after a sample is 
obtained because preparative techn iques for light micro· 
scopy are quite simple. 

PREVIOUS WORK 

Within the past four years several studies have been 
made of calcareous nannofossil distribution in Neogene 
sediments. \-lany of these studies have centered around 
resolving the Pliocene-Pleistocene boundary prob len! (i. e. 
Akers, 1965: Wray and Ellis, 1965; Mcintyre. Be and 
Preikstas, 1967; Bandy and Wade. 1967). Other studies 
have concentrated on the usefulness of fossil coccolitho
phores and other calcareous nannofossils as paleoclimatic 
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indicators (i.e. Cohen. 1964: !Vlcl ntyre and se. 1967; 
.Ytcl ntyre, 196 7). Significan 1 biostratig.raph.ic studies of 
~eogene calcareous nannofossils have been made by 
lvlartini and Brrtm.lette ( I 963), l lny eL al. (1967), 
Bramlette and Wilcoxon (1 967), and Boudreaux and Hay 
(1969). As a result of this work a fairly comprehensive 
calcareous nannofossil zonation of the late Neogene IS 

now available. 
SCOPE 

The scope of this study is limited st ratigraphically to 
the interval from the uppermost Miocene (Messinian 
equivalent) through the Pliocene am! Pleistocene to the 
Recent. The purpose of the study is to present a practical 
nannofossil zonation that has as wide application as pos
sible and to relate th.is nannofossil zona tion as closely as 
possible to the existing framework of planktonic foramin
iferal :wnes. 

For the first of these two aims a compilation of cur· 
rent nartnofossil zonation schemes was made . These were 
then checked against reference sections, and modification 
in the existing schemes are made where it appears desir· 
able. Secondly, the calcareous nannofossil zonation 
scheme is related to the existing plar1ktonic foraminiferal 
zones by determining the nannofossil content of samples 
previously dated by means of plank~onic fora~ife rs. 
The availability of a large number ot samples 111 dated 
core sections made this task possible. 
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SAMPLE AND CORE LOCATIONS 

CAP 38 BP; l4° 16'S
1 

J J9° ll 'W: 3400m; 890cm long. 
DSDP 2-J 0; 32°51.7 N, 52°12.9\V; 4712m; 29.9m-39.0m. 

2· 10-1; 2919m-39.0m beneath sea floor , 213cm re
covered 
2-10-2; 40.2m-48.2m beneath sea floor, 488cm re
covered 

DSDP 2-11-l: 29°56.58'N, 44°44.80'\V; 3556m; 
14,0m-23.2m beneath sea floor , 6 1 Ocm recovered 

DSDP 2-12C-4; 19°41.73'N, 26°00.03'\V; 4542m; 
32.6m-41.8m beneat.h sea floor , 427cm recovered 

P6702-6 ; 0 °01 'S
7 

1 03"05 '\V; 3353m; 1157cm long 
P6603-49; 28°30 N, 77°30'W; I032m; 1516cm long 

PLANKTONIC ZONATION 

Although much has been published on Neogene plank· 
tonic foraminiferal zonations the subject is by no means 
exhausted, and much can be said in favor of any of the 
several zonation schemes that have been proposed. The 
differences that exist between the several schemes are 
partly semantic, but partly probably also reflect minor 
local or regional differences in the fossil assemb lages. 
Choosing one in preference to another, therefore, is some
what arbitrary. 

For this study the scheme proposed by Blow (1969) 
was used as a reference primarily because some of the 
samples in this study had been dated previously according 
to that zonation , and also because Blow's zonation seems 
to be the most detailed scheme for the interval in ques
tion. 

A nearly complete section through the late Neogene is 
represented by the Scripps core CAP 38 BP from which 
the planktonic foraminifers have been described in detail 
by Parker (1967). Zones N-17 , N-18, N-19, and N-2 1 are 
weD represented in the core, and above zone N-2 1 a 
Quaternary interval is recognized. Zone N-23 had not 
been recognized and defined at the time of Parker's study 
so that the interval assigned to the Quaternary probably 
would have to be assigned to zones N-22 and -23 . 
Parker did not recognize zone . L20 in this core although 
one of the samples from CAP 38 BP is assigned to zone 
r.20 by Blow (1969). 

Sixteen samples from the CAP 38 BP core representing 
all of the planktonic fo raminifer zones recognized by 
Parker were studied fo r calcareous nannofossils. Three of 
the samples are from the Quaternary, none from the 
upper 250cm, and the core cannot be considered repre· 
sentative for th.is interval . The basal portion of the core 
(the interval assigned by Parker to zone N -17) also is not 
considered entirely representative. 

The boundary between zone N-2 1 <md the Quaternary 
(zone N-22), the so-called Pliocene-Pleistocene boundary, 
corresponds approximately to the extinction level of dis
coasters. Ericson et al. (1963) proposed that this easily 
recognized boundary in deep sea cores coincides with the 
onset of Pleistocene glaciation and, hence, \vith the Plio
cene-Pleistocene boundary. A large body of literature has 

built up since on the relationship of this well-character
ized paleontological boundary to the Pliocene-Pleistocene 
boundary as defined in southern Italy on the one hand, 
and to the onset of glaciation on northern continents on 
the other hand . However, this problem is largely beyond 
the scope of ihe present study. 

The boundary between zones N-18 and N- 19 is placed 
near the base of the Pliocene so that the Miocene-Pliocene 
boundary is contained within zone N-18. Zone N-17 and 
most of zone N-18 are assigned to the Upper Miocene 
Tortonian/Messinian equivalent. 

Figure 1 indicates the relationship of the dominant 
calcareous nannofossil species to the planktonic foranlini 
fer zones represented in this core. Also indicated are the 
levels of first occurrence or extinction of several dis
tinctive nai1J10fossil species wh.ich can be used as markers 
for defining zonal boundaries. Six distinctive boundaries 
arc recognized with.in this core; from oldest to youngest 
these are: the ftrst occurrence of Ceracolithus mgosus in 
zone N-18: the first occurrence of Discoasrer asynunetri
cus near the bottom of zone N-19; the last occurrence of 
Ceratolithus tricornicularus ncar the top of zone N- 19; 
the last occurrence of R eLiculofenestra pseudoumbilica 
ncar the bottom of zone N -21; the last occurrence of 
Discoasrer surculus near the middle of zone N-21; the last 
occurrence of Discoaster brouweri at the top of zone 
N-21. These six boundaries define the upper an d lower 
limits of five nannofossil zones . plus one upper limit and 
one lower limit for two additional zones. 

All remaining core segments are Jess complete than the 
CAP 38 BP core, but they represent, in much more detail , 
parts of the late Neogene interval. The segme nt DSDP 
2- 10 (F ig. 2) is from the west flank of the Mid-Atlantic 
Ridge , and was recovered in the North Atlantic at site 10 
during leg 2 of the Deep Sea Drilling Project. This seg
ment extends the entire length of zone 1 ·19, and may 
include the boundaries with the superjacent and subjacen t 
foraminifer zones. Three calcareous nannofossil zonal 
boundaries are contained within this core segment: the 
lowermost boundary is defined by the first occurrence of 
Ceratolithus rugosus, which in tllis core corresponds 
approximately to the fust occurrence of Discoaster asym
metricus, and falls belween 134 and 158cm of section I 
of barrel 2, or about 41.55m below the sea floor. Possibly 
a hiatus is present between 134 and 148cm as the nanno· 
fossils at 148cm indicate an age equ iva! en t to the lower 
part of zone N-18. The next boundary above is marked 
by the last occurrence of Ceratolithus rricomiculatus be
tween 125 and ISOcm of section 1, barrel 1, which 
corresponds closely to the lasL occurrence of Sphenolithus 
abies in this core segment. At 125cm of sect ion 1, barrel 
l , Reticuloj'enestra pseudownbilica has its highest occur
rence in rllis core, the extinction of this species marking the 
1hird boundary, which corresponds to the earliest occur· 
renee of Pseudoemiliania lacw zosa. 

The core segment 2-11 (Fig. 3) also is from the west 
Dank of the Mid-Atlantic Ridge in the North Atlantic. 
The core segment is about 5.5m long, and extends from 
12.2m to about 17.65m below the ocean floor. Near the 
base of the core a h.iatus separates sediments assignable to 
the planktonic foramin ifer zone N-22 (Pleistocene) and 
N-18 (early Pliocene). Aside from this hiatus no nan no
fossils boundaries are contained within this core segment, 
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Figure I. Distribution of important calcareous nannofoc;sil species in the CAP 38 BP core. At left planktonic foraminifer zones 
determined by Parker (1967) modified after Blow (1969). At ri&hltmportant calcareous nannofos.sil boundaries. 
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Figure 2. Distribution of importan t nannofossil species In DSDP core 2-10-1 and 2-1 0-2. At left planktonic fo raminifer zoMs 
determined by Cita. At right important calcareous nannofossil boundaries. 
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PLANKTONIC 
FORAMINIFER 
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DSDP CORE 
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2-11-1-4 5cm X X off X X X X X 

75cm cf X X X X X X X X 

l25cm X X X X X X 
hiatus 

X 
N-18 

Pigurc 3. Distribution of important calcareous nannofossil species in DSDP core 2- I 1-J. At left planktonic foraminifer zones determined 
by Cita. 

and it is included primarily because it contains a very well 
developed and representative nannofossils assemblage of 
zones N-22 and N- 18. 

The core segment 2-12C4 (Fig. 4) is from the eastern 
North Atlantic and was recovered on DSDP leg 2 north
west of the Cape Verde lslands. At this site about 40m of 
Pliocene and Pleistocene sediments were cored, but much 
of the upper parl of the section is contaminated and 
mixed, probably as a result of both local slumping of 
sediments and of mechanical mixing during the coring 
operations. Consequently only the lowermost portion of 
the core appears to be sufficiently undisturbed for use as 
a reference. 

The undisturbed interval extends from about 33m to 
about 40m below the ocean floor, and, in terms of 
planktonic foraminifer zones, it extends from the lower 
part of zone N-21 well down into zone N-19. Zone N-20, 
according to Cita, is questionably represented . The base 
of zone -2 1 is between 84 and lOOcm of section I. 
From there to the base of section 1 (l50cm) zone N-20 
may be represented, although possibly this zone is not 
developed here and the interval must be assigned to zone 
N-J 9. The latter continues to about 90cm in section 3, 
where calcareous ooze is separated from barren clays by 
several ash layers. 

Within this core segment three calcareous nannofossil 
boundaries arc recogn izable , all within the interval assign-

cd to zone N-19. The lower boundary is marked by the 
first occurrence of Discoaster asymmetricus be tween 125 
and J 45cm. Next above is the boundary marked by the 
extinction of Ceratolithus tricornicu/atus between 75 and 
lOOcm. The third boundary is marked by the extinction 
of Reticulofenestra pseudoumbilica between 2 and 25cm, 
which coincides with the first occurrence of Pseudo
emiliania lacunosa in this core. Within the interval defined 
by the last two boundaries Sphenolithus abies has its last 
occurrence in this core. 

A piston core from the east Pacific, nearly 12m long 
(Fig. 5), represents an excellent middle and late Pleis
tocene section, and contains two significant boundaries. 
The lower boundary is marked by the extinction of 
Pseudoemiliania lacunosa between 75 I and 801 em, and 
the second tS marked by the earliest occurrence of Emili· 
ania lwxleyi, between 106 and J72cm. The planktonic 
foraminifers in this core have not been studied, but very 
probably the core contains zone . -23 and part of zone 
~-22. 

Finally, a 1516cm piston core (Fig. 6), recovered from 
Blake Plateau, contains an apparently contilmous section 
from the middle or lower Pleistocene through the Plio
cene and imo the upper Miocene. Although not dated by 
means of planktonic foraminifers, the calcareous nanno
fossils indicate that the core extends from zone N-18 to 
N-22. 
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Figure 4. Distribution of important calcareous nannofossil species in DSDP core 2·12C-4. At left planktonic foraminifer zones 
detennined by Cita. At right important calcareous nannofossil boundaries. 

Seven nannofossils boundaries can be distinguished 
within the core. The lowermost is marked by the highest 
occurrence of the symmetrical five-rayed asterolilh 
Discoaster quinqueramus between 501 and 551 em. This 
boundary was not recognized in the CAP 38 BP core, 
although it almost certainly is contained within that core. 
More closely spaced samples may reveal the presence of 
the above species. 

The next boundary above is marked by the first occur
rence of Ceratolithus rugosus between 321 and 33 J em, 
and wltich in the CAP 38 BP core occurs near the top of 
zone N-18. Between 301 and 31lcm is the boundary 
marked by the first occurrence of Discoaster asymmetri· 
cus, and between 29 .1 and 301cm is the highest occur
rence of Ceratolithus tricomiculatus. The last two bound
aries are both within zone N-19. 

The next boundary above the extinction of Ceralo· 
lithus tricorniculatus is marked by the extinction of the 
placolith species Reticulofenestra pseudoumbilica between 
271 and 281 em, which occurs in the lower part of zone 
N-21 in the CAP 38 BP core. Also within zone N-21 
between 241 and 251cm is the next boundary, marked by 
the extinction of Discoaster surculus, which in this core 
and the CAP 38 BP core als~" -:orresponds to the last 

occurrence of the tlve-rayed, asymmetrical asterolith Dis
coaster asymmetricus. 

The extinction of Discoaster browveri between 171 and 
181 em is the next nannofossil boundary, and this bound
ary corresponds closely to the so-called Pliocene-Pleisto
cene boundary as defined by the first evolutionary occur
rence of Globorotalia tnmcatulinoides. The extinction 
level of Discoaster brouweri also corresponds closely to 
the first occurrence of the genus Gephy rocapsa. Middle 
and late Pleistocene sediments apparently were not pres
ent at the site of core P660349. 

It remains to be shown how the various nannofossil 
boundaries discussed above can be arranged to fom1 a 
zonation scheme, and how such a zonation scheme cor
relates with planktonic foraminifer zones as well as the 
epochs of the late Neogene. On Figure 7 are plotted the 
ranges of thirteen calcareous nannofossil species for which 
either the first occurrence or last occurrence, or both, are 
well known with respect to plankt01tic foraminifer zones. 
These species, with the exception of Ceratolithus rugosus, 
are among the dominant elements of the nannofossil 
assemblage in each of the cores discussed above. They are 
common forms, and, I believe, easily recognized and iden
tified. On the right is indicated the proposed nannofossil 
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Figure 5. Distribution of impor tan t calcareous nannofossil species ill Pacific core P6702-6. AI right important calcareous nannofossil 
boundaries. Planktonic foraminifers have not been studied. 

zonation scheme fo r this interval. The scheme is partly 
adapted from llay et al. (1967), but modifications and 
new zones are proposed where it seems appropriate. 

There arc ten nannofossil zones indicated by these 
thirteen species. ln o rder from oldest to youngest these 
zones are: Discoaster quinqueramus Zone, Ceratolithus 
tricomiculatus Zone, Ceratolithus rugosus Zone, Dis· 
coaster asymmetricus Zone, Reticulofenestra pseudoumbi
lica Zone, Discoaster surculus Zone, Discoaster brouweri 
Zone, Pseudoemiliallia lacwwsa Zone, Gephyrocapsa 
Zone, and Emili/mia huxleyi Zone. 

Discoaster quinqueramus Zone 

Definition : Interval from the first occurrence of Cera
tolithus tricomiculatus to the last occu rrence of Dis
coaster quinqueramus. 

Reference locality: Core P66034 9; 550-lSOOcm 

Remarks: The first occurrence of Ceratolithus tricorni
culatus is not contained in any of the cores in this study. 
However, this level is well established by Bukry and 
Bramlette ( 1968) who reported the species from the 
"uppermost marine shale of the type T ortonian section 
(the upper part, of which is assigned to the Messinian by 
Italian micropaleontolog.ists)", from the basaJ Plaisancian 
(Torrente Arda), from the Tabiano section, and the Trubi 
Formation. According to Blow ( 1969) the above levels 
correlate with the top of zone N-17 or the base of zone 

-18 of the planktonic forami nifer scheme. 

TJ1e upper boundary of this zone, the extinction level 
of Discoaster quinqueramus, is recognized in the piston 
core P660349, and occurs between 501 and 55lcm, 
probably within zone N-18. Both Discoaster quin
queramus and Ceratolithus tn'comiculatus are excep
tionally well developed in this core. 
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Figure 6. Distribution of important calcareous nannofc.ssil species in Atlantic core P6603-49. At right important calcareous nannofossil 
boundaries. Planktonic foraminifers have not been studied. 

The Discoaster quinquerarnus Zone is also developed in 
DSDP core segment 2-10-2-1 at 148cm and at the base of 
the San San Clay at San San Bay in Jamaica. The latter is 
correlated by Robinson (1965 in Blow, 1969) with the 
top of zone N-17. 

Ceratoliihus tricomiculatus Zone 

Definition: lnterval from the last occurrence of Dis
coaster quinqueramus to the first occurrence of Ceratoli
thus rugosus. 

Reference locality: Core P6603-49; 331-501cm 

Remarks: This zone is represented by about 170cm of 
pelagic sediments in core P6603-49 , although the upper 
boundary is not entirely certain because Ceratolithus 
mgosus is not a very abundant constituent of d1e nanno
fossil assemblage in tlus core, as also is the case in some 
other samples examined from tllis interval. This zone is 
also present wjthin the CAP 38 BP core from about 
625cm on down. The lower limit of the zone could not 

be determined in this core because Discoaster quin
queramus was not found in any of the CAP 38 BP 
samples, even though the core presumably extends well 
below the top of the range of tills species. 

The top of the Ceratolithus tricorniculatus Zone cor
relates with the upper part of zone N -18, and probably is 
just above the Mio-Pliocene boundary. 

Ceratolithus rugosus Zone 

Definition: Interval from the first occurrence of Cera
rolithus rugosus to the first occurrence of Discoaster 
asymmetricus. 

Reference locality: Core P6603-49; 311-321 em 

Remarks: This zone covers a relatively short strat
igrapruc interval in most of the cores where it is pene
trated but is widely distributed . The Ceratolithus rugosus 
Zone apparently contains the boundary between the 
planktonic foraminifer zones N-18 and N-19 , and extends 
to the lower or middle part of zone N-19. 
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Emiliania huxleyi zone 

Gephyrocapsa zone 
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Figure 7. Ranges of some important Neogene calcareous nannofossil species, and correlation of nannofossil ?.ones with planktonic 
foraminifer zones. 

This zone is also developed in core CAP 38 BP, 
583-625cm; in DSDP core 2-1 2C4-2, 145cm, and 
2-12C-4-3, 0-90cm : and in DSDP core 2- 11 -1-4, 125cm. 

Discoaster asymmetricus Zone 

Definition: Interval from the first occurrence of Dis
coaster asymmetricus to the last occurrence of Cera
roliLhus tricorniculatu s. 

Reference locality : Core P6603-49; 30 I em 

Remarks: The Discoaster asymmetricus Zone is entirely 
withiJl .z~:me _ -1 9 of the planktonic ~oraminifer scheme . 
In addillOn to the above loeabty , th 1s zone IS also well 
represented in core CAP 38 BP, 545-572cm; DSDP core 
2- 10-1-1, 150cm: DSDP core 2-10·1·2, 0-ISOcm; DSDP 

core 2-10-2-l. 134cm; and DSDP core 2-12C-4-2, 
I00-125cm. · 

Reticulofenestra pseudoumbilica Zone 

Definition : Interval from the last occurrence of Ceratol
ithus triconziculatus to the last occurrence of Reticulo
f enestra pseudoumbilica. 

Reference locality : Core P660349; 2Rl-291 em 

Remarks: The R eticulofenestra pseudoumbilica Zone 
extends from near the top of zone N-I 9 into zone N-20 . 
The top of the zone corresponds approximately to the 
first occurrence of Pseudoemilianio lacunosa, and in some 
cores Sphenolithus abies disappears at this level also . The 
latter species, however , seems to have persisted much 
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longer in the Gulf of Mexico than in the Atlantic or 
Pacific Oceans. 

The Reticulofenestra pseudoumbilica Zone is also pres
ent in DSDP core 2-.10-1-1 at 125cm; DSDP core 2-1 2C-4-2, 
25-75cm; and core CAl' 38 BP, 480-515cm. 

It should be noted that the top of the Reticu/o[enestra 
pseudoumbilica Zone occurs in the CAP 38 BP core near 
the base of zone N-2 J (Parker did not recognize zone 
N-20 in t his core and Blow places the top of zone N-20 
at about 490cm), but in the DSDP core segment 2-10-1-1 
this boundary occurs within the interval assigned to zone 
N-2 1 by both Cita and Blow. No explanation can be 
offered at this time for this inconsistency and additional 
core sections through tltis interval will have to be exan1-
ined to resolve the problem. 

Discoasrer surculus Zone (emended) 

Definition: Interval from the last occurrence of Reticula
fenestra pseudoumbilica to the last occurrence of Dis
coaster surculus. 

Reference locality: Core P660349; 251-271cm 

Remarks: The Discoaster surculus Zone of Hay and 
Schmidt was defined as the interval from the last occur
rence of Scyp/wspllaera amphora to the last occurrence of 
Discoaster surculus. Scyphosphaera amphora is rare.ly 
found in truly pelagic sediments, and hence, its ex tinction 
level is difficult to determine. F urthennore, a species 
similar to Scyphosphaera amphora , probably Scypho
sphaera pulcherrima, persists well into the Pleistocene, i.e. 
beyond the extinction level of all discoasters. Therefore 
the extinction level of Scyphosphaera amphora is not 
considered to be a very good nannofossil boundary in 
most pelagic sediments. 

The Discoaster surculus Zone is also recognized in 
DSDP core 2-10-1-1 , 56-IOOcm; DSDP core 2-l2C4-l, 
55- ISOcm; and CAP 38 BP core, 460cm. The top of the 
Discoaster surculus Zone is within planktonic foraminifer 
zone 1-2 1 , and may contain the boundary between zones 
N-20 and -21. TI1e extinction of Discoaster asym
metricus corresponds closely to the extinction of Dis
coaster surcu/us, and also marks the top of the Discoaster 
surculus Zone. 

Discoaster brouweri Zone (emen ded) 

Definition: Interval from the last occurrence of Dis
coaster surculus to the last occurrence of Discoaster 
brouweri. 

Reference locality: Core P6603-49; 18.1 -241crn 

Remarks: Boudreaux and Hay (in Hay et al. , 1967) 
proposed the Discoaster e.:'(tensus Zone as the interval 
from the last occurrence of Discoaster surculus to the last 
occurrence of Discoaster extensus, the latter species being 
similar to, but less distinctive than, Discoaster 1'ariabilis . 
fn tltis study it was found that Discoaster variabilis 
(including Discoaster extensus) commonly is last encoun
tered a short distance below the extinction level of 
Discoaster surculus, so that a Discoaster extensus Zone 
probably does no t exist except perhaps locally . Boud
reaux and Hay (1969, in press) have proposed the 
Sphenolithus abies Zone as a substitute for the Discoaster . 
extensus Zone. Although in the Gulf of Mexico Spheno-

lithus abies does persist into the Discoasler brouweri Zone 
as used in this paper, it corrunonly disappears much 
earHer (about the Reticulofenestra pseudoumbilica Zone) 
in the Atlantic and Pacific Oceans, and therefore also can 
be used as a zonal marker only locally or regionally. 

The Discoaster brouweri Zone is restricted to the upper 
part of the planktonic forantinifer zone -21 , and the 
upper boundaries of the two zones arc approximately 
coincident. 

Tltis zone is also recognized in core CAP 38 BP, 
420-435cm. 

Pseudoemiliania Zone 

Definition: .Interval from t he last occurrence of Dis
coaster brouweri to the last occurrence of Pseudoemiliania 
lacunosa. 

Reference locality : Core P660349; l-17lcm 

Remarks: Boudreaux and Hay (in Hay et al., 1967) 
proposed the Gephy rocapsa caribbeanica Zone from tJ1e ex
tinction level of Discoaster brouweri to the first occurrence 
of Gephyrocapsa oceanica. With t he light nticroscope, 
however, it is often difficult to distinguish between the 
several species of Gephyrocapsa. It is clear that Gephyro
capsa oceanica first appears well before the extinction of 
Pseudoemiliania lacunosa and after the extinction of 
Discoaster brouweri , but none of the cores examined 
during the course of tl1is study had this interval ade
quately represented. 

The Pseudoemiliania Zone is also represented in DSDP 
core 2-11-l-1, 1 0-150cm; 2-11-1-2, 0- 150cm; 2-11-1 -3, 
0-150cm; 2-11 -1 4, 0-75 cm; CAP 38 BP core, 253-395cm. 
The base of the Pseudoemiliania Zone coincides with the 
base of zone N-22. The top of the zone cannot clearly be 
related to the planktonic forantinifer scheme. Although all 
of the occurrences of Pseudoemiliania lacunosa cited here 
are probably witltin zone N-22, Pseudoemilianuz lacunosa 
is present in samples of DSDP core 2-12C-1 assigned to 
the planktonic foraminifer zone N-23 by Cita. As there is 
a certain amount of mixing in that core it is not clear 
what significance can be attached to the above occur
rence. 

Geplzyrocapsa Zone 

Definition: In terval from the last occurrence of Pseudo
emiliania lacunosa to the fust occurrence of Emiliania 
huxleyi. 

Reference locality: Core P6702-6; 172-75lcm 

Remarks: Tile Gephyrocapsa Zone is equivalent to the 
upper part of the Gephy rocapsa oceanica Zone of Boudre
aux and Hay (in Hay et al., 1 967). 

Bmiliania huxleyi Zone 

Definition: Interval above the first occurrence of Emili
ania huxleyi ( Boudreaux and Hay, in Hay et a/. , J 967). 

Remarks: Emiliania hu.xleyi is the dontinant coccoli
thophore in modern oceans, and according to Mcintyre 
(in press) the species first appeared .14-.2 m.y.B.P. so that 
the interval represented by the range of this species is 
quite short. 

The three zones of the Quaternary are based on the 
occurrence of three placolith genera which successively 
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PLATt:: 1 
Light Micrographs, X 2,500 

Figures 1-3 Discoaster asy mmetricus Gartner, n. sp., from DSDP 
core 2-12C-4. la-Phase contrast; J b-interfcrcncc contrast; 2, 3-
intcrfcrencc contrast. l a,b-Type specimen. 

Fifau rc 3. Discoaster brouweri Tan Sin Hok, from DSDP core 
2- 2C-4. !a-Transmitted light; l b-intcrference contrast. 

Figure 5. Discoaster pentaradiatus Tan Sin Ilok, from DSDP core 
2- l2C-4. Sa-Transmitted light; 5b-intcrference contrast; 5c-cross
polarized light. 
Figures 6-7. Discoaster quinqueramus Gartner, n. sp., from core 
P6603-49. 6a-Interfercncc contrast, intennediate focus; 6b
transmitted light, high focus; 7-lransmitted light. 6a, b-Typc 
specimen. 
F igure 8. Discoaster variabilis Martin & Bramlette, from DSDP 
core 2-12C-4. Interference contra~t. 
Pigure 9. Discoaster surculus Martin & Bran1lette, from DSDP 
core 2-12C-4. Interference contrast. 
Figure 10. Discoaster surculus Martin & Bramlette, and Cerato· 
lithus rugosus Bramlette & Wilcoxon, from DSDP core 2-12C-4. 
Transmitted light. 
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PLATE 2 

Light Micrographs, X 2,500 

Figures 1-2. Ceratolithus tricorniculatus Gartner, from core 
P6603-49. !-Interference contrast; 2-transmitted light. 

Figure 3. Ceratolithus rugosus Bramlette & Wilcoxon, from DSDP 
core 2-12C-4. Transmitted light. 
Figure 4. Reticulofenestra pseudoumbilica (Gartner) , from DSDP 
core 2-12C-4. 4a-Phase contrast; 4b-Interference contrast; 4c-cross
polarized light. 
Figure 5. Emiliania huxleyi (Lohmann) , from core P6702-6 . Sa
Interference contrast; Sb-cross-polarized light. 
Figure 6. Sphenolithus abies Deflandre, from core P6603-49. 
6a-Interference contrast; 6b-cross-polarized light. 

Figure 7. Gephyrocapsa oceanica Kamptner, from the Atlantic 
Ocean. 7 a-Phase contrast; 7b-cross-polarized light. 

Figure 8. Gephyrocapsa aperta Kamptner, from the Atlantic 
Ocean. 8a-Phase contrast; 8b-cross-polarized light. 

Figures 9-10. Pseudoemiliania lacunosa Kamptner, from the 
Atlantic Ocean. 9a, 1 Oa-Phase contrast; 9b, 1 Db-cross-polarized 
light. 
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dominate the nannofossil assemblage. No doub t further 
refinement in zoning the Pleistocene is possible, and, in 
fact , is already available (Hay et at., 1967). As th is 
present zonation is intended for use primarily with a light 
microscope, it seems desirable to use zones defi11ed on 
broader criteria, i. e. on generic differences. 

SYSTeMATIC PALEONTOLOGY OF 
NEW OR EMENDED TAXA 

Discoaster aSylmnem·cus n. sp. 

Plate I , Figures 1-3 

Diagnosis: Asterolith with five slender rays in which 
the angles between adjacent rays are not equal. 

Discussion: Discoaster asymmetricus is a delicate astero
lith with a small center from which five rays extend and 
bend sharply proximally at their tip. The most character
istic feature of the species is its asymmetry, caused by the 
angles between adjacent rays being conspicuously unequal. 
Discoaster asymmetricus is very similar to Discoaster 
brouweri from which it is probably derived, but it differs 
in having only five rays and in the lack of symmetry . 

Type specimen: Pl.l, Fig. 1, from DSDP core 2-12C-4. 

Distribution: Discoaster asymmetricus occurs from 
about the middle of the planktonic foraminifer zone N-19 
to the middle of N-21. Pliocene of Atlantic and Pacific. 

Discoaster quinqueramus n. sp. 

Plate 1, Figures 6-7 

Diagnosis: Asterolith with five slender rays regularly 
spaced and sharply bent at tip toward proximal side; 
center with prominent five-sided knob on proxin1al side. 

Discussion: Discoaster quinqueramus is a five-rayed 
asterolith having five-fold radial symmetry so that the 
angle between all adjacent rays is the same. The rays 
taper towards the tip, bend sharply in a proximal direc
tion and terminate in a blade rather than a point. On the 
proximal surface of the center is a five-sided knob which 
may be aligned with the rays or may be rotated sligl1tly 
with respect to the rays. 

Discoaster quinqueramus is similar to Discoaster brou
weri but differs from the species in always having five 
rays and a five-sided central knob. Discoaster asym
metricus also has five rays, but the angles between 
adjacent rays are not equal and it does not have the 
central knob as in Discoaster quilufueramus. 

Type specimen: Pl. 1, Fig. 6, from core P660349. 

Distribution: This species occurs in DSDP core 2-10-2-1 
at 148cm, basal Pliocene or uppermost Miocene, and is 
especially well developed in core 660349 from 551cm to 
1501cm. The limits of the range of this species are only 
incompletely known but it seems to be restricted to 
Upper Miocene and possible lowermost Pliocene sedi
ments. 

Gen us Pseudoemiliania n. gen. 

Elliptical to nearly circular placolith. The shields ma.y 
be so"lid, or may be perforated by a few or numerous 
radial slits which are located between adjacent sh.ield 
elements. The center may be open but more commonly is 
blocked by a lacy grillwork. 

Type specimen: Ellipsoplacolithus lacunosa Kamptner 

Pseudoemiliania lacunosa (Kamptner) 

Plate 2, Figures 9-10 

Ellipsoplacolithus lacunosus Kamptner, 1963, p. 172, 
Pl. 9, Fig. 50. 

Coccolithus doronicoides Black, (part) Mcfntyre, Be 
and Preikstas, 1967, p. 8, Pl. 3, Fig. A. 

Umbilicosphaera cricota (Gartner), Cohen an d Rein
hardt, 1968, p. 296, Pl. 19, Figs. 1, 2; Pl. 21, Fig. 3. 

Discussion: The smaller proximal shield only partially 
covers the radial slits of the distal shield. The slits may be 
few or many, and in some specimens a slit is present 
between each pair of elements. When onJy few slits are 
present they are not arranged in a regular pattern, but are 
more or less evenly distributed. The central grillwork is 
tlelicate and commonly damaged or completely broken 
away. 

The assignment of tllis form to Coccolithus donmi
coides Black does not seem justified as there is a very 
great difference between the type of Coccolithus doroni
coides and typical specimens of Pseudoemiliania lacunosa. 

Cohen & Reinhardt's identification of this form with 
Umbilicosphaera cricota (Gartner) also is incorrect. The 
type of the species (Gartner, 1967, Pl. 7, Fig. 7) probably 
does belong to the genus Umbilicosphaera, but it appears 
that the light micrographs and electron micrographs of 
Gartner are not of the same species. The electron nlicro
graphs represent primitive or early representatives of 
Pseudoemiliania lacunosa. Detailed taxonomic and strati
graphic study will probably result in recognition of several 
species or subspecies within this genus. 

Distribution: This form occurs from the middle part of 
the Pliocene to the middle Pleistocene. It is the dominant 
placolith species in upper Pliocene and lower Pleistocene 
sedime nts, where it is replaced gradually by the genus 
Gephy rocapsa. Although Pseudoemiliania is very similar to 
the smaller modern Emiliania huxleyi, the ranges of the 
two taxa do not overlap and they are probably not 
directly related. 

Reticulofenestra pseudoumbilica (Gartner) 

Plate 2, Figure 4 

Coccolithus pseudoumbilicus Gartner, 1967, p. 4 , Pl. 6. 

Discussion: The relatively large size, reticulate grillwork 
and characteristic polarized light image of this placolith 
suggest that it is probably most properly assigned to the 
genus Reticulofenestra. 

Distribution: Originally described from the Upper Mio
cene of Trinidad and from the Pliocene of the Gulf of 
Mexico, this species is conspicuous from the Upper Mio
cene to about the middle Pliocene where it becomes 
extinct. 
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