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ABSTRACT

At Holes 548 and 549A, almost complete sections of Quaternary deposits were recovered. Floral associations were
studied in closely spaced samples. Nannofossils are moderately well preserved and contain few reworked forms. The fol-
lowing nannofossils were studied in detail: Gephyrocapsa (closed Gephyrocapsa with G. producta, G. sinuosa, and G.
caribbeanica; open Gephyrocapsa: G. doronicoides, subdivided into five variants, and G. ocβanica; G. protohuxleyi;
small Gephyrocapsa: G. ericsonii and G. aperta), Pseudoemiliania lacunosa (a round and an elliptical type), Helicopon-
tosphaera (H. sellii, H. gr. kamptneri, and H. neogranulata), Cyclococcolithina (three variants of C. leptopora and two
variants of C. macintyrei), Coccolithus pelagicus (C. pelagicus s.s. and two variants). These taxa were used to define
supplementary datum levels to be added to the conventional nannofossil datums and to the paleomagnetic events on the
curves of sediment accumulation rate for each site. Thus, it is possible to establish a tentative, very detailed nannofossil
stratigraphy for the Quaternary. The influence of glaciation on the calcareous phytoplankton is evident, especially dur-
ing the last 500,000 yrs. The nannofossil total-abundance curve shows fluctuations that resemble closely the fluctua-
tions in the major climatic cycles described by Ruddiman and Mclntyre (1976).

INTRODUCTION

Holes 548 and 549A were drilled during Leg 80 on
the Goban Spur, on the northern margin of the Bay of
Biscay (Fig. 1). The upper part of the recovered sedi-
ments consists of thick Quaternary sections with abun-
dant coccoliths. These nannofossil assemblages can be
used to establish a detailed stratigraphic scale for the
Quaternary.

Several Pleistocene stratigraphic zonations have been
established; the best known are those developed by Mar-
tini and Worsley (1970) and Okada and Bukry (1980),
which are applicable worldwide. Other, more detailed,
studies are more local in focus (Samtleben, 1978: Sierra
Leone Rise; Pujos-Lamy, 1977: Bay of Biscay; Gartner,
1977: various oceans). To define a detailed zonation, con-
tinuous deep-water sections that accumulated at high
sedimentation rates are needed. Holes 548 and 549A
proved to be excellent for such studies, despite their geo-
graphical location, at high latitude and close to a conti-
nent, which implies the influence of glaciation and sub-
sequently a discontinuity of development of the phy-
toplankton population. This location can, however, be
used as a reference section to correlate nannofossil vari-
ations and climatic events already studied (as correla-
tions can be developed between planktonic foraminifer
variations and oxygen-isotope analyses) (Emiliani, 1955,
1966; Shackleton and Opdyke, 1973; Morley and Hays,
1981).

METHODS

Material from Holes 548 and 549A was sampled in detail (200 sam-
ples from Hole 548 and 80 samples from Hole 549A). Smear slides
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were used to examine nannofossils with a light microscope ( × 1200).
Total abundance was estimated on a single field of view, and species
abundance was estimated on 20 fields of view. Tables 1 and 2 give an
account of these estimates, designated as follows: rare (fewer than 4
specimens), frequent (4-9 specimens), common (10-15 specimens) and
abundant (more than 15 specimens). These estimates are more detailed
on Figures 2 and 3. Percentage evaluation is omitted for two reasons:
(1) some taxa (mostly Gephyrocapsa) are very dominant in the nanno-
fossil assemblages, which means that all the percentages of other taxa
are low. These species (which are often present, but in small amount)
would always be represented by percentages less than 1%, obscuring
their variations in abundance. Minimizations or even eliminations of
these low-ratio taxa would, consequently, modify the population pat-
tern and its significance; (2) at some levels, the number of taxa is so
low that we cannot describe the population in percentages. This phe-
nomenon has already been described by Mclntyre et al. (1972); the au-
thors associate these "barren zones" with glacial periods. Since the
sites are at high latitudes, the influence of glaciation, which can great-
ly reduce the abundance and diversity of nannofossil assemblages,
may be important.

Some 40 samples were examined with an electron microscope (scan-
ning [SEM] and transmission [TEM]) to separate accurately the Ge-
phyrocapsa and the Cyclococcolithina species. In many instances, a
light microscope proved to be sufficient to determine nannofossils in
stratigraphic studies.

PRESERVATION

Preservation of coccoliths is usually moderate. In sam-
ples examined with SEM and TEM, the central struc-
tures (grids or bars) were usually damaged or even total-
ly destroyed. The edges of the shields often appeared
to be dissolved or broken in the Gephyrocapsa group.
Some species of this group are characterized by a medi-
um size (about 4 µm) and a thin ring around a large cen-
tral opening, with or without a "ghost" of a bar. These
specimens occur sporadically in Hole 548 (mostly be-
tween Sections 548-3-7 and 548-4-6 and between Sec-
tions 548-13-2 and 548-15-4) and in Hole 549A (mostly
between Sections 549A-1-4 and 549A-2-4 and between
Sections 549A-3-3 and 549A-3,CC). These specimens at
both sites occur at two levels. At the upper level G. oce-
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Figure 1. Locations of Holes 548 and 549, drilled during Leg 80. (Contours in meters.)

anica is predominant, and at the lower level G. caribbe-
anica is abundant. These Gephyrocapsa "ghosts" prob-
ably belong to either G. oceanica or G. caribbeanica,
but this is difficult to determine merely by examining
slides.

Another problematic example of dissolution is seen
in G. protohuxleyi. Other corroded Gephyrocapsa spe-
cies (G. oceanica, for example) may resemble G. proto-
huxleyi, for their outer shield elements are separated, by
dissolution, to resemble the configuration in G. proto-
huxleyi.

Dissolution is at a maximum during glacial periods,
when the abundance of nannofossils is low. Mclntyre et
al. (1972) explain the existence of "barren zones" by low
productivity. Although low productivity contributes con-
siderably to the low abundances and the low diversity,
strong dissolution also contributes. Monospecific floras
of Coccolithus pelagicus (a dissolution-resistant species)
may be the result of the disintegration of other, less re-
sistant, coccoliths.

REWORKING

Reworking is evident throughout the Quaternary sec-
tions of Holes 548 and 549A, and it was most signifi-
cant during glacial periods, when the abundance of au-
tochthonous species was reduced. Reworked coccoliths
may be transported by ice-rafting. It is often difficult to
identify these reworked coccoliths, for they are generally
corroded or broken, a common feature associated with
glaciation. But they can be recognized quite easily as
Cretaceous or Paleogene. These reworked species are par-
ticularly abundant in the upper parts of the sections
(above Section 7-3 in Hole 548 and above Section 3-1 in
Hole 549A), where a change of the sedimentation pat-
tern occurred at the Goban Spur. Reworking was insig-
nificant during the middle and early Pleistocene. Some

Pliocene Reticulofenestra occur sporadically at the two
sites.

DISTRIBUTION OF CALCAREOUS
NANNOFOSSILS

Hole 548
Hole 548 was drilled in 1256 m of water, on a slope

of the outer southern Irish continental shelf, at
48°54.95'N, 12°09.84'W. Distribution of nannofossils
is summarized in Table 1 and Figure 2.

The Quaternary is represented by the upper 106 m of
the section. The Plio/Pleistocene boundary is difficult
to determine exactly, because Discoaster is absent in the
upper Pliocene (Müller, this vol.). Below 99.5 m (Sec-
tion 14-1), the presence of Cyclococcolithina gr. macin-
tyrei characterizes the lowermost Pleistocene. At such a
high latitude, however, the last occurrence of Discoaster
cannot be used as a datum level. The Plio/Pleistocene
boundary must be determined by paleomagnetic zona-
tion (Townsend, this vol.), and is found at about 105 m
(Section 15-6) (Olduvai).

Some conventional datums give several points of ref-
erence, which provide a biostratigraphic basis for subdi-
vision of the section:

• Appearance of Gephyrocapsa oceanica s.l.: here
the first G. oceanica present is G. oceanica "W": 102.4
m (Section 15-2).

• Extinction of C. macintyrei: 99.5 m (Section 14-1)
• Extinction of Helicopontosphaera sellii: 89.4 m

(11, CC)
• Acme of "small Gephyrocapsa" between 89.4 m

(11,CC) and 79 m (Section 10-6)
• Extinction of "C. jaramillensis" (in Perch-Nielsen,

1972; synonymous with G. doronicoides, Bukry, 1970).
It seems that this species is not completely extinct at this
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Table 1. Distribution of nannofossils in the Pleistocene of Hole 548.
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' Although this genus is assumed to belong to Dinophyceae, it has

(xl200).

been placed an Ling nannofossils, because they are usually observed on the same slides.

depth; it represents here only the end of the acme of G.
doronicoides s.s.: 78.2 m (Section 10-6).

• Extinction of Pseudoemiliania lacunosa: 58.6 m
(Section 7-5)

• Last peak of Gephyrocapsa caribbeanica: 32.4 m
(Section 4-7)

• Appearance of Umbellosphaera irregularis: 30.8 m
(Section 4-6) (probably local)

• Beginning of acme of Emiliania huxleyi: 13.5 m
(Section 3-1)

In addition to these datums, some other species (or
variants) show characteristic variations, appearances, or
acmes: For example, the variants of G. doronicoides,
some small Gephyrocapsa (G. aperta, G. ericsonii, G. si-
nuosa, G. protohuxleyi), Helicopontosphaera neogra-
nulata, and C. pelagicus. Their distribution will be de-
scribed in detail in the taxonomic section and in the sec-
tion on the ages of datums.

Besides these biostratigraphic observations, the total
nannofossil abundance is plotted in Figure 2. There are
few variations in the lower to middle Pleistocene below
58.5 m (Section 7-5), where high CaCO3 contents corre-
spond to abundant nannofossils; there are only two mini-

ma, at 86 to 80.5 m (Sections 11-5 to 10-1) and at about
77 to 78 m (Section 10-5). Above 58.5 m (Section 7-5), in
the upper Pleistocene, there are strong fluctuations in
the abundance of coccoliths from abundant (Sections
6-4 to 5-4; 5-2 to 5-1; 4-3 to 4-1; 3-3 to 2-6; and 1-1) to
almost barren zones.

Hole 549A
Hole 549A was drilled in 2535.5 m of water, near the

seaward edge of the Pendragon Escarpment, at
49°05.29'N, 13°05.89'W. Nannofossil distribution is
summarized in Table 2 and Figure 3.

The Quaternary corresponds to the upper 27 m (three
cores) of the section. It is separated by a hiatus from the
Miocene at the top of Core 4. The hiatus corresponds to
the lower half of the Pleistocene. The lowest part of the
section contains abundant and diverse nannofossils. The
presence of Pseudoemiliania lacunosa, Gephyrocapsa
doronicoides, and Helicopontosphaera neogranulata, the
absence of H. sellii, and the abundance of "small Ge-
phyrocapsa" permit correlation of the oldest Quater-
nary sample of Hole 549A with Section 10-5 of Hole
548.
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Figure 2. Distribution of Quaternary calcareous nannofossils, Hole 548.
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Figure 2. (Continued).
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Figure 2. (Continued).

As in Hole 548, conventional and additional markers
may be used:

• Top of acme of G. doronicoides s.s.: 25.7 m (Sec-
tion 3-6)

• Extinction of Pseudoemiliania lacunosa: 20 m (Sec-
tion 3-2)

• Last peak of G. caribbeanica: 10.2 m (Section 2-3)
• Appearance of Umbellosphaera irregularis: 9.5 m

(Section 2-2)
• Beginning of acme of Emiliania huxleyi: 5 m (Sec-

tion 1-4)

The abundance of nannofossils shows strong fluctua-
tions; nannofossils are very abundant (Sections 3,CC to
3-6; middle of 3-5; 3-4; 3-4 to 3-2; 2,CC to base of 2-4;
2-3; 2-1 to 1,CC; 1-4 to 1-3; top of 1-1) or very rare.

CHARACTERISTICS OF SOME CALCAREOUS
NANNOFOSSILS

The Gephyrocapsa Complex

Species belonging to this genus occur in the upper
Pliocene and cannot, therefore, be used to determine
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Figure 2. (Continued).

the Plio/Pleistocene boundary. These coccoliths were
very abundant from the earliest Pleistocene on, and re-
mained dominant almost until today. According to
Gartner (1977), "the genus Gephyrocapsa expanded in-
to the ecological niche left vacant by the extinction of
Discoaster brouweri." In this part of the Atlantic, how-
ever, discC asters disappeared during the Pliocene NN16,
earlier than in many other parts of the ocean. There-
fore, the Gephyrocapsa expansion at the beginning of
the Quaternary was not the result of a "vacancy" only,
but may have resulted either from the disappearance of
discoasters or from another ecological factor.

Many Gephyrocapsa species have been described and
studied. It is not possible, however, to distinguish these
species clearly, even when observations are very detailed.
Ecological variants are often considered as taxonomic
ones, and the naming of these variants is not always
necessary, for it may complicate observation of the dis-
tribution. Bréhéret (1978), for example, created two new
species from two morphotypes previously described (Pu-
jos-Lamy, 1976, and Bréhéret, 1977). The use of these
new names is to be questioned, because it is evident that
those types are either evolutionary steps within the spe-
cies oceanica and/or caribbeanica or ecophenotypes, and
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Note: Bullet denotes presence of one specimen in 20 fields of view (xl200).

Although this genus is assumed to belong to Dinophyceae, it has been placed among nannofossils, because they are usually observed on the same slides.
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Figure 3. Distribution of Quaternary calcareous nannofossils, Hole 549A.
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not real species. It is impossible to use them as world-
wide stratigraphic markers. Samtleben (1978) uses these
two new species and creates two more new ones; he plac-
es all the different species of Gephyrocapsa in one group
which begins in the early Pliocene.

The increase in the number of species is useful, pro-
vided these species can be categorized in "morpho-
groups" (as has been done by, e.g., Gartner [1977] and
Bukry [1973]), and offers the possibility of following
the evolution of the genus, step by step. Gartner (1977)
employed the terms "closed and open Gephyrocapsa,"
which are very useful; they concern two "stocks" of coc-
coliths having a general morphology, an evolutionary
pattern, and a history of their own. Evolution of both
closed and open Gephyrocapsa species starts off from
specimens free of a bar; this bar appears gradually, fol-
lowing slow and continuous modifications of central
shield elements. For this reason alone, I place all these
coccoliths—with or without a bar—within the same Ge-
phyrocapsa genus.

Bukry (1973), too, distinguishes two groups: (1) a
group in the early Quaternary with small openings in the
central area (= G. caribbeanica, G. lumina, G. produc-
tá), and (2) a group "later in the Quaternary" with large
openings in the central area (= G. aperta, G. oceanica,
G. omega). A third group with an elevated bar (= G.
ericsonii) appears in the latest Quaternary (Mclntyre and
Be, 1967).

In this study, distinguishing between "closed" and
"open" Gephyrocapsa proved useful. In addition, two
other groups were recognized: "small Gephyrocapsa,"
characterized by their limited size, and the "G. proto-
huxleyi" group, characterized by the typical morpholo-
gy of their coccoliths.

Overall characteristics and distribution of the mor-
photypes are given in Table 3.

Closed Gephyrocapsa
The closed Gephyrocapsa group occurred as early as

the beginning of the Pleistocene. It seems to have evolved
from some Dictyococcites from the late Pliocene. At the
beginning, closed coccoliths were rather small, without
a central opening, and with a rough crossbar (G. pro-
ductá). The next step may have been G. sinuosa, a small
form with a pre-cement crossbar, which constitutes most
of the "small Gephyrocapsa" of the zone of Gartner
(1977). The last "closed" morphotype is G. caribbean-
ica, which is by itself a complex group (Pujos-Lamy,
1976); here there is a beginning of a central opening and
a well-individualized crossbar.

Open Gephyrocapsa
The open Gephyrocapsa are divided into two main

species:
1. G. doronicoides, derived from the Pliocene "Re-

ticulofenestra doronicoides." The two taxa are morpho-
logically similar; the only difference is a crossbar, more
or less individualized, in the Pliocene Gephyrocapsa doro-
nicoides. At the Leg 80 sites, the coccoliths within the
doronicoides group show few minor variations, which

are used not to describe species but to distinguish five
variants (see Table 3).

2. G. oceanica is the typical "open Gephyrocapsa"
Compared with the G. doronicoides taxon, G. oceanica
has a larger central opening, a crossbar easier to ob-
serve, and far more regular elements in the proximal
shield. Two morphotypes, possibly related to climatic
factors, are distinguished. G. oceanica "W" has a larger
opening, and may be a "warm" ecophenotype (see Table
3); G. oceanica s.s. may be more cosmopolitan.

Gephyrocapsa protohuxleyi
G. protohuxleyi raises another problem. According to

the available published photographs (Mclntyre, 1970),
variations are evident: size, shape of the elements, cen-
tral opening, and crossbar vary greatly. It is possible
that the typical shape of the elements results from disso-
lution or ecological variations within the species rather
than from the morphology of coccoliths of a distinct
species while still alive (Winter et al., 1978).

For the Leg 80 samples, the name of G. protohuxleyi
is given to all specimens with a characteristic element
shape. Certain morphological and size variations may
be recognized:

1. Between 548-15-1 and 548-13-2, G. protohuxleyi
has the same size as G. producta. The central area is al-
most or completely closed. It does not seem to have a
crossbar.

2. Between 548-9-3 and 548-6-1, G. protohuxleyi is
of medium size. The central area is open. When the
crossbar exists, it looks like that of G. caribbeanica.

This distribution suggests that G. protohuxleyi is an
ecophenotype rather than a distinct species. Its charac-
teristic morphology could result from the influence of
ecological factors on a number of species of the closed
group (in this case, they could be G. caribbeanica/G.
producta)\ according to Winter et al. (1978), salinity
could perhaps be the causal factor.

Small Gephyrocapsa
The small Gephyrocapsa group is composed of the

G. aperta s.l. and G. ericsonii species, which have been
described earlier together with their variants (Pujos-La-
my, 1976). G. aperta van 1 and 2 are very abundant from
the lower Fleistocene to 548-3-1 and 549A-1-3. G. eric-
sonii appears at 548-8-1 and 549A-3-2, and disappears
almost at the same level as G. aperta.

Gartner (1977) described a "small Gephyrocapsa zone"
in the lower Pleistocene. A similar zone also exists at the
Leg 80 sites, but the "small Gephyrocapsa" species with
an important acme is designated here to be G. sinuosa,
which I consider part of the G. caribbeanica group. G.
sinuosa coccoliths are larger than G. aperta/ericsonii
coccoliths.

Other Gephyrocapsa Species
A fifth Gephyrocapsa group was observed under the

light microscope. In this group, as in G. protohuxleyi,
coccolith size varies throughout the Pleistocene. The
group shares characteristics with the Gephyrocapsa group
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as a whole: shields are thin, with a relatively large cen-
tral opening; the crossbar is often absent, but whenever
present it is very thin, with a variable orientation.

SEM observation indicates that this is not a true spe-
cies, but consists of dissolved Gephyrocapsa coccoliths
of G. producta between 548-15-4 and 548-13-1, and of
G. oceanica between 548-4-6 and 548-4-1.

This "species" is not included in Tables 1 and 2, but
it is shown in Figure 2 and 3 because it reveals the effect
of dissolution on nannofossils.

The Pseudoemiliania lacunosa Complex

The Pseudoemiliania lacunosa complex consists of at
least two different taxa. In 1973, Bukry stated that Emi-
liania and Pseudoemiliania placoliths are the same and
that consequently the latter term should not be used,
since it is a synonym of the former. Gartner (1977) con-
sidered this problem carefully and concluded that Pseu-
doemiliania is valid and should be maintained in its ori-
ginal use, a conclusion with which I agree. Further-
more, Gartner distinguishes two morphotypes within
the lacunosa complex: one round and the other ellipti-
cal. Both morphotypes have radial slits between ele-
ments of the distal shield. Bukry (1971 and later) calls
these types Emiliania annula (Cohen) and Emiliania
ovata Bukry, terms which Gartner considers pointless,
for both types have an almost identical distribution.

Nevertheless, the two types are morphologically dif-
ferent. The round type is rather large (diameter 6 to 7
µm); its central area is large (diameter of the opening =
3-4 µm) and surrounded by shields corresponding to less
than one third of the total coccolith surface. Slits are
numerous. This type agrees very well with the descrip-
tion of the genus and of the type species lacunosa.

The elliptical type is slightly smaller than the round
one; its central opening is small and slits are few. Cocco-
liths resemble those of G. doronicoides in shape, espe-
cially one variant of this species, named G. doronicoides
var. "lacunosa." A difference between variant and the
elliptical P. lacunosa is in the number of slits, which is
less for G. doronicoides var. "lacunosa." Moreover, P.
lacunosa never has a crossbar.

Judging from the morphologies of both types, it ap-
pears that they belong to two different lineages. The el-
liptical type was derived from G. doronicoides in the
Pliocene, evolved during the late Pliocene, and is coeval
with some variants of the parent species. Sometimes,
distinguishing between P. lacunosa, elliptical type, and
G. doronicoides var. "lacunosa" is difficult.

The origin of the circular type is difficult to deter-
mine; perhaps it is descended from an ancestor other
than the elliptical type. Both types have slits between
some of their elements, as has G. protohuxleyi (see the,
foregoing discussion), but this may be the result of an
environmental factor or it may be morphological con-
vergence.

P. lacunosa s.l. occurs in both holes in the lowermost
Pleistocene. It is never abundant, and disappears at
548-7-6 and 549A-3-2. The age of this last occurrence is
well documented in the literature (Thierstein et al., 1977).
Gartner (1977) noted a "global synchroneity of the P.

lacunosa extinction," and correlated this phenomenon
with isotopic records at various latitudes; the event oc-
curred in the middle of Stage 12, that is, about 0.46
m.y. ago.

The Helicopontosphaera Group

Helicosphaera or Helicopontosphaera?—this ques-
tion is often asked. Jafar and Martini (1975) have dealt
with it at length and opted for the "relegation" of Heli-
copontosphaera. In 1977, Hay kept this term because
"the type species of Helicosphaera, Coccolithus carte-
rae,... was a species closely related to Coccolithus pela-
gicus, and the forms that Kamptner had considered as
belonging to Helicosphaera carteri were very different
from the original figure." I have the same opinion as
Hay, and I prefer to use the term Helicopontosphaera.

In the Leg 80 Pleistocene sediments, this genus com-
prises three species. They succeed each other in time
throughout the Quaternary at Hole 548.

H. sellii is a small species (length = 8.5 µm) with a
restricted flange and two oblique, medium-size holes.
Since Gartner's work in 1977, it is considered a marker
of the lower Pleistocene. It disappeared 1.22 m.y. ago
(Hole 548: Section 11-6; absent in Hole 549A).

H. gr. kamptneri is medium in size (length = 1 0 µm),
with a round, regular flange and two small central slits.
This group includes specimens such as H. wallichi, which
according to Haq (1973) is similar in morphology to H.
kamptneri. H. wallichi, however, has a smaller flange
than H. kamptneri. H. gr. kamptneri is present at the
two sites between 548-7-1 and the top of the Hole 548
and between 549A-3-3 and the top of Hole 549A.

H. neogranulata is medium to large (length = 1 3 µm);
its flange becomes wider at its termination and shows
complete extinction of its largest part in cross-polarized
light. There is a wide longitudinal slit enclosing a granu-
lar texture, as seen with the light microscope. It occurs
in the middle Pleistocene (548-11-6 to 548-7-1 and below
549A-3-3), from the extinction of H. sellii to the place
where H. gr. kamptneri reappears after being absent
from the lowest samples of the Quaternary sections.
Gartner remarked the presence of this species "sporadi-
cally in the middle and lower Pleistocene." The range
can be defined more precisely, however: the last occur-
rence is above the extinction of P. lacunosa. A tentative
and approximate age of this event will be given in the
section on datum levels.

The Cyclococcolithina Group

Two species, leptopora and macintyrei, are placed
within the genus Cyclococcolithina in Leg 80 samples.
The choice of the genus was not easy. Loeblich and Tap-
pan (1970b, 1971) placed macintyrei in the genus Cyclo-
coccolithus; but, before that (1970a), they considered
this genus as illegitimate, writing that it is a junior syno-
nym of Calcidiscus (1969). Hay (1977) considers Cyclo-
coccolithus as illegitimate, and Calcidiscus as a subjec-
tive senior synonym of Cyclococcolithina, because the
type species Calcidiscus quadriforatus is a fragment of
Cyclococcolithina. Before Hay, Wilcoxon (1970) and
Loeblich and Tappan (1971) placed leptopora under this
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generic name. I agree with this denomination of Cyclo-
coccolithina.

This genus is present throughout the Pleistocene sec-
tions of Leg 80. It is sporadic, but sometimes its cocco-
liths are abundant, and vary in size and number of ele-
ments. Within this group, various authors described dif-
ferent morphotypes: Mclntyre et al. (1967) and Mclntyre
and Be (1967) have distinguished three variants (A, B,
and C) within the C. leptopora species, on the basis of
diameter and number of elements.

The size of many Cyclococcolithina coccoliths was
measured on specimens from Holes 548 and 549A, and
their elements were counted on SEM micrographs. The
boundaries among morphotypes are not as sharp as those
found in the Mclntyre study. I found five main morpho-
types in the samples from Leg 80; they are described in
Table 4.

The Coccolithus pelagicus Group

C. pelagicus s.s. occurs throughout the Pleistocene
of Holes 548 and 549A, and is abundant at some levels
(mostly below 548-7-5). Some variants can be distin-
guished:

C. pelagicus van 1 is rare in most of the samples but
abundant whenever C. pelagicus s.s. is less abundant.
The coccoliths of this variant are small (less than 7 µm
in length) and very bright under cross-polarized light.
This variant is so rare that I could not observe it in the
SEM, but it could be useful for further ecological study.

C. pelagicus var. 2 has a short range between 548-15-
4 and 548-14-2. It resembles the s.s. species, but is about
one third larger.

The presence of var. 2 in the same samples as Cycloc-
colithina cf. macintyrei may indicate a stratigraphic
importance.

CONVENTIONAL AND ADDITIONAL
NANNOFOSSIL DATUMS OF LEG 80

Some datum levels of Quaternary nannofossils are
well documented. The first and last appearances of E.

huxleyi, P. lacunosa, and C. macintyrei have been dated
worldwide. These species may be considered as conven-
tional marker species.

A second group of datum levels is described by more
than one author for different oceans and/or at various
latitudes. These datum levels may get an age assignment
by comparison with paleomagnetic events or isotopic
stages. Sometimes an extrapolation of sediment accu-
mulation rates may assist in dating. These datums are
Helicopontosphaera sellii, the "small Gephyrocapsa,"
Gephyrocapsa oceanica s.s. (Gartner, 1977), Umbello-
sphaera irregularis (Gartner and Emiliani, 1976), G. ca-
ribbeanica (Thierstein et al., 1977), and G. doronicoides
(Bukry, 1970, Perch-Nielsen, 1972). Although they are
used occasionally, they are not considered to be conven-
tional markers, for they cannot be used worldwide.

The study of nannofossils from Holes 548 and 549A
(Fig. 4) confirms the dates of the conventional datums,
and may provide information on some additional mark-
ers. Among these new markers, there are the lowest and
highest occurrences of species and variants of species,
and acmes are also used. These markers do not corre-
spond "to the concept of datum level as commonly per-
ceived" (Gartner, 1977). But several authors (e.g.,
Gartner, Bukry) consider the acme as useful in stratigra-
phy. Hole 548 is used as a reference section. From the
earliest to the late Quaternary, the datum levels are as
follows:

• LO/HO3 of Coccolithus pelagicus var. 2
• LO/HO of Gephyrocapsa protohuxleyi (more data

of environmental influences on this taxon are needed to
evaluate its usefulness as a marker).

• Acme of G. oceanica s.s.
• LO/HO/acme of the five variants of G. doroni-

coides
• HO of G. producta
• LO/HO/acme of G. sinuosa

HO = highest occurrence; LO = lowest occurrence.

Table 4. The Cyclococcolithina group.

C. leptopora var. 1

C. leptopora var. 2

C. leptopora s.s.

C. cf. macintyrei

C. macintyrei s.s.

Diameter
(µm)

5-7

4-5

7.5-11.3

7.5-10.5

9.5-16

Number of
elements

19-28

15-19

27-38

29-40

35-46

Central
area

Closed

Closed

Closed

Clearly
open (hole
2µm)

Open
(hole of
about 3µm)

Correspondence
to previously

described types

C. leptopora var. C and
transition to var. B
(Mclntyre et al., 1967).

Most of the C. leptopora
var. C (Mclntyre et al.,
1967)

Original diagnosis of
Murray and Blackman
(1898)

C. leptopora s.s. (Cepek
and Wind, 1979)

Transition between C.
leptopora var. A and B
(Mclntyre et al^, 1967)

C. cf. macintyrei (Cepek
and Wind, 1979)

C. leptopora var. A (Mcln-
tyre et al., 1967, and
Mclntyre and Be, 1967)

Occurrence
in Holes

548 and 549A

Throughout the Pleistocene

Between 548-11-2 and 548-
7-6

Throughout the Pleistocene,
mostly between 548-14-
1 and 548-10-6, and
below 549A-3-6

Between 548-15-4 and 548-
14-1

Absent from Hole 549A

HO in Hole 548 at Sec. 15-1
Absent from Hole 549A
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Figure 4. Tentative high-latitude biostratigraphy of the Pleistocene, based on nannofossils. Correlation of
Holes 548 and 549A.

• LO and beginning of acme of G. caribbeanica
• HO of Helicopontosphaera neogranulata
• Acme of Emiliania huxleyi, if it is possible to rec-

ognize this species.

THE AGES OF DATUMS

Conventional datums and paleomagnetic events have
been precisely dated; with their positions in the sections
of Holes 548 and 549A it is possible to evaluate sedi-
ment accumulation rates (Figs. 5 and 6) and to give a
tentative age to nannofossil datums and other strati-
graphic features:

• LO of Gephyrocapsa oceanica: about 1.6 m.y. by
extrapolation of Gartner's study (1977)

• HO of Cyclococcolithina macintyrei s.l.: 1.51
m.y.

• HO of Helicopontosphaera sellii: 1.22 m.y.
• Bottom and top of acme of G. sinuosa (here they

are considered as the "small Gephyrocapsa" of Gartner
[1977]): 1.22 and 0.92 m.y.

• Top of acme of G. doronicoides s.s. (= var. 1):
about 0.8 m.y.

• HO of Pseudoemiliania lacunosa: middle of iso-
topic Stage 12, about 0.46 m.y.

• Last peak of G. caribbeanica: isotopic Stage 9,
about 0.268 m.y.

• LO of Umbellosphaera irregularis: isotopic Stages
7 (188-244 m.y.) or 8 (244-279 m.y.) (after Morley and
Hays, 1981).

Then, new markers can be added on the sediment ac-
cumulation curves according to their sub-bottom depth
in Hole 548 (Fig. 5), and an approximate age of these
new markers can be obtained.
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Most of the additional markers belong to G. doroni-
coides and its variants; they provide ages for a period
(early Pleistocene) poor in conventional events:

• Beginning of acme of var. 2: 1.67 m.y.
• End of acme of var. 2 and beginning of var. "la-

cunosa": 1.05 m.y.
• LO and HO of var. 3: 0.69 and 0.5 m.y.
• LO and HO of var. 4: 0.45 and 0.32 m.y.
Also, in the early Quaternary:
• HO of G. producta: 1.35 m.y.
• LO of G. sinuosa and HO of C. macintyrei: 1.68

m.y.
• LO and HO of C. pelagicus var. 2: 1.77 and 1.67

m.y.
In the Brunhes chron:
• Beginning of acme of G. protohuxleyi and of G.

caribbeanica and LO of G. oceanica s.s. at the same
time, 0.65 m.y. ago. G. caribbeanica shows three maxi-
ma during this acme (see Fig. 4), and G. oceanica s.s.
has two maxima during its acme; these fluctuations are
due to glaciation.

• HO of G. sinuosa, about 0.6 m.y.
• All the small Gephyrocapsa (mostly G. aperta) dis-

appeared about 0.11 m.y. ago, but this event occurred
later at lower latitudes (Pujos-Lamy, 1976). These taxa
are influenced, more than other species, by environmen-
tal factors, and cannot be considered as good markers.

• HO of Helicopontosphaera neogranulata: 0.42
m.y.; at the same time, H. gr. kamptneri, from the early
and middle Pleistocene, reappears.

The LO of Emiliania huxleyi is not a useful datum,
since the species is too rare to be observed with a light
microscope. However, it has an acme which began
about 0.10 to 0.15 m.y. ago (= isotopic Stage 1/2
boundary) and continues till now.

SEDIMENT ACCUMULATION RATES

Sediment acumulation rates in Holes 548 and 549A
are plotted in Figures 5 and 6. This rate shows a similar
history in the two sections: in the early Pleistocene to
0.69 m.y. ago (Brunhes/Matuyama boundary) it was low,
10 m/m.y. (Unit 1). Between 0.69 and 0.47 m.y. ago
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Jaramillo Olduvai
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Figure 5. Quaternary sediment accumulation rates, nannofossils, and paleomagnetism, Hole 548.
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Figure 6. Quaternary sediment accumulation rates, nannofossils, and paleomagnetism, Hole 549A.

(highest occurrence of P. lacunosa) it was medium: 37.5
and 45 m/m.y. (Unit 2). Since 0.47 m.y. ago it is high:
125 and 65 m/m.y. (Unit 3). Each of these three units
corresponds to a special environment:

1. Unit 1 (important in Hole 548): This unit has a
rapid alternation of intervals with abundant coccoliths
and intervals with rare coccoliths. Micropaleontological
events are very closely spaced in the sediment record.
Sediment accumulation was continuous in Hole 548, ex-
cept between 1.5 and 1.6 m.y. ago (100 m) and between
0.88 and 0.69 m.y. ago (78-75 m). The first of these lev-
els represents a hiatus and the section a zone of "drilling
disturbance." Most of the second gap (between top of
Jaramillo and Brunhes/Matuyama boundary) is fortu-
nately present in Hole 549A, the bottom of which can
be dated at about 0.87 m.y. ago.

2. Unit 2 shows few changes in the total nannofossil
abundance, which is almost always high: during the mid-
dle Pleistocene, the influence of glaciation on calcare-
ous phytoplankton may have been weak. Sediment ac-
cumulation seems to have been continuous at Site 548.
In Hole 549A, a hiatus occurs at 22 m (0.65-0.5 m.y.),
and a short gap occurs at 20 m (0.47-0.42 m.y.). Ac-
cording to the preliminary data at this level there is a
"sandy, calcareous, marly ooze," which may be shal-
lower, reworked sediment, or may represent winnowing.

3. Unit 3 shows strong variations in nannofossils at
the two holes. It is an alternation of abundant popula-
tions and almost barren zones. Such phenomena can be
explained by a succession of warm and glacial periods
(Mclntyre et al., 1972); the effect of glaciation on the

calcareous phytoplankton is evident at the Goban Spur,
dating from 0.47 m.y. ago to the present.

GLACIATION AND CALCAREOUS
PHYTOPLANKTON

For a better assessment of climatic effects on nanno-
fossils, we must study cores that show insignificant re-
working and continuous high sediment accumulation rates
(e.g., upper Pleistocene, Leg 80). Unfortunately, most
of the lower to middle Pleistocene is not present in the
section from Hole 549A. The lower to middle Pleisto-
cene is represented by irregular deposits in Hole 548, so
this study will concentrate on the period between 0.5
m.y. ago and the present (Fig. 7).

Ruddiman and Mclntyre (1976) correlated the total
nannofossil abundance with the influence of glaciation:
barren zones are correlated with glacial periods "when
the overlying surface waters were devoid of cocco-
liths The productivity variations are the primary
cause of coccolith barren zones in the Atlantic Ocean
north of latitude 40°N." We can observe the major cli-
matic cycles, which these authors described on the basis
of planktonic fauna and oxygen-isotope studies, as they
are reflected in nannofossil abundances.

For Leg 80, Vergnaud Grazzini (this vol.) measured
and calculated δ 1 8 θ and δ13C in the shells of foramini-
fers. She studied the upper Pleistocene in Hole 549A
material only. A correlation between the isotopic curve
and nannofossil total abundance is evident (Fig. 7), but
there is a small diachronism at the boundary between
stages. These differences are probably effects of the sam-
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pling (for nannofossils the size of the sample is much
smaller) or of the different responses of the phyto-
plankton and foraminifers. In that case it is easier to use
the method of "terminations" of major climatic cycles:
they can be placed on the curve of the nannofossil total
abundance and dated by extrapolation of the ages of
markers (from Figs. 2 and 3). Such ages resemble closely
the termination ages of Ruddiman and Mclntyre (1976).
This is evidence of the strong influence of climatic events
on calcareous phytoplankton.
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Plate 1. (TEM = transmission electron microscope; SEM = scanning electron microscope.) 1-2. Emiliαniα huxleyi, × 6000, (1) Sample 548-1-1,
0-3 cm, SEM, a = warm form, b = cold form, (2) Sample 549A-1-1, 1-4 cm, TEM, cold form. 3-4. Coccolithuspelαgicus, × 3000, (3) C. pe-
lαgicus s.s., Sample 548-14.CC, TEM, (4) C. pelαgicus var. 2, with Cyclococcolithina leptopora var. 1, Gephyrocapsa protohuxleyi, and G.
doronicoides var. 1, Sample 548-11-5, 17-24 cm, SEM. 5-7. Gephyrocapsa aperta, (5, 7) G. aperta var. 1 (5, Sample 549A-3-5, 80-85 cm,
× 6000, SEM; 7, Sample 548-13-4, 35-38 cm, × 4500, TEM), (6) G. aperta var. 2, Sample 548-14.CC, × 4500, TEM. 8. Gephyrocapsa sinuosa,
Sample 548-11-6, 5-8 cm, ×6000, TEM. 9-10. Gephyrocapsa protohuxleyi, ×3000, SEM, (9) Sample 548-4-2, 61-65 cm, (10) Sample 548-
10-4, 114-116 cm. 11. a Gephyrocapsa producta, b Pseudoemiliania lacunosa elliptical type, and c G. doronicoides var. 1, Sample 548-13-4,
35-38 cm, × 4500, TEM. 12-14. Pseudoemiliania lacunosa, (12-13) elliptical types, Sample 549A-3-6, 80-84 cm (12, × 4500, TEM; 13a proxi-
mal and b distal sides, ×3000, SEM), (14) round type, Sample 548-13-6, 80-81 cm, ×4500, TEM.
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Plate 2. (TEM = transmission electron microscope; SEM = scanning electron microscope.) l-3a. Gephyrocapsa oceanica, ×6000, SEM (1-2)
Sample 549A-2-1, 3-6 cm (1, G. oceanica s.s.; 2, G. oceanica "W"), (3a) G. oceanica "W," Sample 549A-3-1, 2-5 cm. 3b-5. Gephyrocapsa ca-
ribbeanica, (3b-4) Sample 549A-3-1, 2-5 cm, ×6000 SEM (3b, large form; 4, small form), (5) Sample 548-8-1, 69-70 cm, large forms, two
spheres, ×4500, TEM. 6-7a. Gephyrocapsa producta, ×4500, (6) Sample 548-11-5, 73-75 cm, SEM, (7a) Sample 548-15-2, 44-45 cm,
TEM. 7b-13. Gephyrocapsa doronicoides, ×4500, (7b-9) var. 1, TEM (7b, Sample 548-15-2, 44-45 cm; 8, Sample 548-14,CC; 9, Sample
548-13-4, 35-38 cm), (10-12) Sample 548-14.CC, TEM (10, var. 2; 11, var. 3; 12, var. "lacunosa"), (13) var. 4, Sample 549A-3-1, 2-5 cm, SEM.
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Plate 3. (TEM transmission electron microscope; SEM = scanning electron microscope.) 1-2. Umbilicosphaera sibogae, Sample 548-9-2, 60-
61 cm; × 3000, TEM, (1) form with a small central opening, and Gephyrocapsa oceanica s.s., (2) form with a large central opening. 3. Umbel-
losphaera irregularis, Sample 549A-2-1, 3-6 cm, × 6000, SEM. 4. Cyclolithella annula, Sample 549A-1-4, 20-23 cm, × 3000, SEM. 5-6, 12.
Helicopontosphaera kamptneri s. ampl. (two faces of the coccolith), Sample 548-5-2, 21-24 cm, ×3000, TEM. 7. Helicopontosphaera wal-
lichi, Sample 548-1-1, 0-3 cm, ×3000, SEM. 8-10. Helicopontosphaera neogranulata, (8) Sample 548-8-5, 90-91 cm, ×4500, TEM, (9-10)
Sample 548-10,CC, ×3000, SEM. 11, 13. Helicopontosphaera sellii, ×3000, two faces of the coccolith, Sample 548-11-5, 17-24 cm, SEM.
(12) Sample 548-14.CC, TEM.
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Plate 4. (TEM = transmission electron microscope; SEM = scanning electron microscope.) 1-4. Cyclococcolithina leptopora, (1-2) var. 1, two
faces of coccolith (1, Sample 548-11-5, 17-24 cm, ×4500, TEM; 2, Sample 548-1-1, 0-3 cm, ×3000, SEM), (3) var. 2, Sample 549A-3-5, 80-85
cm, ×6000, SEM, (4) s.s., Sample 548-14.CC, ×4500, TEM. 5-8. Cyclococcolithina macintyrei, Sample 548-15-2, 44-45 cm, ×3000, TEM,
(5) C. cf. macintyrei, (6-8) C. macintyrei s.s.
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