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ABSTRACT

Four holes were drilled at two sites in the western North Atlantic during Deep Sea Drilling Project Leg 76. Thick
Pliocene-Quaternary sediments were continuously cored in Holes 533 and 533A, located on the Blake Outer Ridge. A
detailed biostratigraphic study of the upper Neogene and Quaternary strata has been made using distribution of plank-
tonic foraminifers. Precision of the biostratigraphic analysis enabled us to trace fluctuations of the sedimentation rate
closely. Very high mid-Pliocene input strongly contrasts with the extreme condensation that was noted to have occurred
during the latest Pliocene. Quantitative micropaleontology methods have been applied to selected planktonic species or
groups of foraminifers, enabling us to discern clearly the oceanic response to large-scale climatic changes, such as the
mid-Pliocene glacial event and the Quaternary cycles. In contrast, the small-scale climatic events appeared to be ob-
scured by minor sedimentary disturbances, which could be related to bottom contour-following currents.

INTRODUCTION

During DSDP Leg 76, four holes that penetrated
Neogene through Quaternary sediments were drilled at
two sites in the western North Atlantic. Site 533 is locat-
ed at 31°15.6'N, 74°52.2'W, at a water depth of 3191
m, on the crest of the Blake Outer Ridge, slightly to the
north of Sites 102, 103, and 104 of DSDP Leg 11 (Fig.
1). Hole 533 penetrated 167.6 m of Quaternary and up-
permost Pliocene beds, in which 41 hydraulic piston
cores were continuously recovered. At the same loca-
tion, 399 m of Quaternary and upper middle Pliocene
sediments were drilled in Hole 533A; 29 rotary cores were
taken, one upper Pleistocene wash core at a sub-bottom
depth of 57 m and 28 lowermost Pleistocene and upper
middle Pliocene cores from a continuously cored inter-
val from 142.5 to 399 m.

Site 534 is located in the Blake-Bahama Basin at 28°
20.6'N, 75°22.9'W (Fig. 1), at a water depth varying
from 4984 (Hole 534) to 4976 m (Hole 534A). Only one
uppermost Quaternary mud-line core was recovered from
Hole 534. Hole 534A penetrated Quaternary and upper
Neogene parts of the Tertiary sequence without any cor-
ing down to Miocene strata.

At Site 533, sediments are predominantly composed
of greenish calcareous clay and interbedded nannofossil
marl and silty clay, whereas Pliocene material is com-
posed of indurated dark greenish gray silty nannofossil
clay. No obvious stratification but only some evidences
of bioturbation and limestone lithification (the latter re-
stricted to the Pliocene) have been sporadically observed
in this series. The uppermost Quaternary mud-line core
drilled at Site 534 is composed of 1.75 m of foraminifer-
nannofossil ooze underlain by 0.35 m of nannofossil
marl.

Sheridan, R. E, Gradstein, F. M., et al., Init. Repts. DSDP, 76: Washington (U.S.
Govt. Printing Office).

Generally abundant and well-preserved populations
of planktonic foraminifers, together with minor benthic
assemblages, have been extracted for biostratigraphic
investigations from about 75 (chiefly core catcher) sam-
ples collected from the 71 cores of Holes 533, 533A, and
534. Thirty additional samples selected from three sepa-
rate test intervals have been considered in more detail
for paleoclimatic and paleoceanographic interpretations.

METHODS

Preparation techniques included boiling of each of the about
10-cm3 samples with a Calgon solution, sometimes accompanied by
hydrogen peroxide sprinkling, and wet-sieving with a minimum mesh
size of 63 µm. The > 177-µm or, in some cases, > 200-/an size fraction
was only considered for the biostratigraphic study, and the relative
abundance of each identified planktonic foraminiferal species was es-
timated by visual examination. Samples investigated in the three test
intervals were dried, weighed before and after washing, and the > 160-
µm size fraction was used for quantitative analysis after microsplitting
of the residue and counting of at least 350 to 400 specimens in each
sample.

BIOSTRATIGRAPHY

Planktonic Zonation
Distribution and estimated relative abundance of Pli-

ocene-Quaternary planktonic foraminifers at Sites 533
and 534 are detailed in Figures 2 to 4. Common and long-
ranging forms, mostly belonging to the genus Globiger-
ina, have been omitted. Combining results obtained in
Holes 533 and 533A, Figure 5 shows more schematically
the stratigraphic range of the most important species at
Site 533. For establishing the zonal scheme, I have prin-
cipally applied late Cenozoic zonations of Blow (1969),
Parker (1973, 1974), Stainforth et al. (1974), Berggren
(1973, 1977), and Berggren and Van Couvering (1974),
which are essentially based on data collected in low-lati-
tude areas and chiefly the Atlantic tropical realm. In ad-
dition, the climatic zonation of Ericson (Ericson and
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Figure 1. Sketch map showing locations of Sites 533 and 534 relative to previous DSDP sites drilled on the
Blake Outer Ridge.

Wollin, 1968) has also been used for the Quaternary sed-
iments of Site 533.

Datum levels of first and last appearances of the prin-
cipal markers that were observed in the upper Neogene
DSDP Leg 76 material are in general agreement with
those noted in similar latitudes by previous workers
(e.g., Poag, 1972; Parker, 1973). But there are a few ex-
ceptions, which may result from subjective variations in
delineation of taxa and/or locally different paleoclimat-
ic and paleoceanographic conditions.

In order to calibrate these important foraminiferal
datum levels chronologically at Site 533, values collect-
ed or compiled in recent works have been compared;
those retained for this study are summarized in Table 1.

Zonal Boundaries

Pliocene

Following the Pliocene zonation of Berggren (1973,
1977), we set the boundary between Zones PL4 and PL5

in Core 533A-7, above Sample 533A-7,CC, based on the
last occurrence of Globoquadrina gr. altispira. Accord-
ing to Berggren (1977), Globorotalia multicamerata also
disappears at this level. Although very sporadically rep-
resented in Site 533 material, this species last occurs in
Sample 533A-6,CC, thus furnishing an additional con-
firmation of the zonal boundary.

More problems arise when trying to delineate the
PL3/PL4 (= N20/N21) zonal boundary and minimal
age of the beds that are at the bottom of Hole 533A.
The lower limit of Zone PL4 may be determined by the
FAD of Sphaeroidinella dehiscens dehiscens (= 3.0 Ma),
which should coincide with the Sphaeroidinellopsis spp.
LAD (Berggren, 1977). In Hole 533A, Sphaeroidinel-
la dehiscens s.s. first appears in Sample 533A-8,CC,
whereas the last specimens hardly typical of the genus
Sphaeroidinellopsis disappear above Sample 533A-
11,CC. Representatives of this genus are scattered in the
interval comprising Cores 11 to 19, and only from Sam-
ple 533A-19,CC did we notice a sharp downhole in-
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Figure 2. Occurrence of selected planktonic foraminifers in samples from Hole 533.
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Figure 3. Occurrence of selected planktonic foraminifers in samples from Hole 533A.
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Figure 4. Occurrence of selected planktonic foraminifers in samples
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crease in abundance of specimens belonging to the S.
seminulina-subdehiscens complex. There is thus a rather
thick interval between the two datums whose coinci-
dence, according to Berggren (1977) is supposed to de-

fine the PL3/PL4 boundary. On the other hand, Roth
(this volume) observed the Reticulofenestra pseudoum-
bilica nannofossil datum (which defines the boundary
between NN15 and NN16) between Cores 11 and 12.
The LAD of R. pseudoumbilica is calibrated from 2.8 to
3.2 m.y., according to various authors (Backman, 1979;
Vincent, 1981), but set at 3.0 m.y. by Roth (this vol-
ume). I have thus tentatively placed the PL3/PL4 zonal
boundary (3.0 m.y.) at this level, more exactly, just
above Sample 533-11,CC, which also constitutes the up-
permost level where (poor) representatives of the genus
Sphaeroidinellopsis can be depicted.

Determination of the minimal age of the deepest part
of Hole 533A (sub-bottom depth 399 m) by means of
planktonic foraminifers is still more problematical. Con-
trary to the results of the preliminary shipboard inves-
tigations, Globorotalia margaritae is not present at this
level nor higher in the hole. Four-chambered specimens
that had been erroneously referred to this species are, in
fact, representatives of G. praehirsuta. Therefore, the
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Table 1. Biochronology of the main Pliocene-Quaternary plank-
tonic foraminiferal datum levels.

Species Datum event Age (m.y.)

Globorotalia tumida flexuosa
Sphaeroidinella dehiscens s.l.

Globigerinoides ruber (pink var.)
Pulleniatina flnalis
Globigerinoides ßstulosus
G. obliquus obliquus
G. obliquus extremus
Globorotalia truncatulinoides
G. miocenica
Globoquadrina gr. altispira
Globigerinoides flstulosus
Sphaeroidinella dehiscens

dehiscens
Sphaeroidinellopsis spp.
Globorotalia margaritae

LAD
Sharp decrease

in abundance
FAD
FAD
LAD
LAD
LAD
FAD
LAD
LAD
FAD
FAD

LAD
LAD

0.1
0.9

1.1
1.3
1.6
1.7
1.8
1.85
2.2
2.8
3.0
3.0

3.0
3.3

Note: Data are synthesized from various authors, mainly Rögl and
Bolli (1973), Berggren (1977), Berggren et al. (1980), Briskin and
Berggren (1975), Backman (1979), Lynts (1980), Bolli and Pre-
moli-Silva (1973), Thunnell (1981), and Vincent (1981). FAD =
first appearance datum; LAD = last appearance datum.

bottom of the last core (29) of this hole still belongs to
Zone PL3 (the lower boundary of which is defined by
the LAD of G. margaritae), with an age not older than
3.3 m.y.

The PL5/PL6 boundary is given by the LAD of G.
miocenica (2.2 m.y.). This datum can be identified with
good precision in Core 38 of Hole 533, just at the level of
Sample 533-38-3, 25-27 cm (sub-bottom depth, 152.5 m).

Pliocene/Quaternary Boundary

The Pliocene/Quaternary boundary had been deter-
mined aboard the ship, based on first investigations us-
ing nannofossils, between Sections 1 and 2 of Core 533-
38. As far as planktonic foraminifers are concerned,
further study of a more closely spaced sampling locates
this boundary in an interval ranging from Sample 533-
38-2,106-108 cm, where Globorotalia tosaensis is repre-
sented alone; Sample 533-38-2, 15-17 cm, where one
specimen of G. tosaensis evolving to G. truncatulinoides
has been observed; and up to Sample 533-38-1, 75-77
cm, where several specimens of G. truncatulinoides have
been found. Thus using the FAD of G. truncatulinoides
as an indication of the Pliocene/Quaternary boundary,
I also set this boundary (1.85 m.y.) between Sections 1
and 2 of Core 38.

This event cannot be delineated with the same preci-
sion in Hole 533A, for lack of a sufficiently dense sam-
pling. In addition, some minor problems of contamina-
tion may have occurred in Wash Core 2. A massive ap-
pearance of G. truncatulinoides in Sample 533A-2-1,
100-102 cm, and detailed comparison between plank-
tonic and benthic foraminiferal assemblages respective-
ly found in Cores 36 to 39 of Hole 533 and Cores 2 to 3
of Hole 533A, allows me to place, with a slight approxi-
mation, the Pliocene/Quaternary boundary in the upper
third of Core 533A-3. This core is thus approximately
equivalent to Cores 38 and 39 of Hole 533.

All these data confirm the significant and progressive
downhole acceleration of the sedimentation rate, which
in Site 533 reaches 62.5 m/m.y. for the interval corre-
sponding to Zone PL5, goes up to 190 m/m.y. for the
PL4 interval, and equals or is higher than 570 m/m.y.
for the interval referred to as Zone PL3.

Retaining the 1.85-m.y. value for the FAD of G.
truncatulinoides in the Atlantic mid-latitude zone (Haq
et al., 1977; Backman, 1979), it appears that the 175 cm
of sediments (= PL6 Zone) that separate Sample 533-
38-3, 25-27 cm (level of the LAD of G. miocenica, 2.2
m.y.) from the boundary between Sections 1 and 2 of
Core 38 should correspond to a 0.35-m.y. time span.
Calculated sedimentation rate for this selected interval
drops to an average value of 5 m/m.y., confirming the
rapidly decreasing rate since the mid-Pliocene. Short in-
tervals with more intense condensation or even partial
hiatuses during the PL6 interval cannot be excluded.

The results obtained by locating in the hole a set of
relatively well calibrated datum levels demonstrate the
inadequacy of my systematic (one sample per core), rou-
tinely made sampling in the upper Pliocene part of Hole
533A for this preliminary report. It thus appears that 1
sample/approximately 16,500 yr. has been studied in
the interval from Cores 533A-29 up to 12, 1 sample/
50,000 yr. from Cores 11 to 7, and only 1 sample/130,000
yr. from Cores 6 to 3.

Extreme condensation and hiatuses at the level of the
PL6 Zone may also explain apparent anomalies in the
stratigraphic distribution of some planktonic foraminif-
eral species, as stated in Site 533. The most obvious is
the absence of Pulleniatina obliquiloculata (known to
appear first in the latest Pliocene) below the Quaternary
boundary (Figs. 2, 3, 5).

Quaternary

The boundary between Zones N22 and N23 cannot be
directly determined in the Quaternary series of Site 533.
Zone 23 has been defined (Blow, 1969) by the occur-
rence and/or increasing abundance of Globigerina cali-
da and Sphaeroidinella dehiscens excavata. The latter is
much too sporadic in Hole 533 (only very few and scat-
tered specimens), and in addition the taxa dehiscens s.l.
totally disappears above Core 9. Moreover, no signifi-
cant variation in abundance of the former species has
been depicted in the late Pleistocene interval of Hole
533.

Shipboard preliminary investigations suggest a tenta-
tive ternary subdivision of the Pleistocene sequence (Site
chapter 533, fig. 26, this volume) on the basis of the
Globorotalia tosaensis LAD for the lower first unit and
the FAD of Pulleniatina finalis for the upper third unit
(cf., Stainforth et al., 1974). More detailed study of a
more closely spaced sampling allowed me to detect an
earlier first appearance of P. finalis, so that in Hole 533,
FAD of the latter and LAD of the former species are in
fact separated by only a few cores; therefore recognition
of the intermediate unit (defined as simultaneously lack-
ing G. tosaensis and P. finalis) does not seem justified.

The Holocene/Pleistocene boundary has somewhat
arbitrarily been set just above the decrease of cooler-
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water forms, like G. inflata, correlative of a drastic in-
crease of warmer-water forms (e.g., G. tumida-menar-
dii complex). In Hole 533 this boundary is located in
Core 1, between Samples 533-1-1, 14-16 cm and 533-1-
1, 99-101 cm. In Hole 534 it has been set between Sam-
ples 534-1-1, 9-11 cm and 534-1,CC. Study of more
closely spaced samples should enable us to determine
this boundary more precisely.

Using the "Globorotalia tumida-menardii-ungulata
complex" abundance variations, it has been possible,
with the "climatic" zonation of Ericson (Ericson and
Wollin, 1968), to subdivide in more detail the Quater-
nary sequence cored at Site 533. In particular, Zones P
to V appear to be clearly identifiable in Hole 533 (Fig.
5). Exact delineation of Zones W to Z is slightly more
difficult on the basis of my first biostratigraphic sam-
pling, and has been more easily deduced from the more
closely spaced "paleoclimatic" sampling (see Fig. 9).

Approximate ages for faunal boundaries delineating
these zones have been previously estimated in tropical
Atlantic latitudes, for instance, by Briskin and Berggren
(1975) and others (e.g., Ericson and Wollin, 1968). These
data are compiled and compared to corresponding sub-
bottom depths in Hole 533 (Table 2).

Plotting values of sub-bottom depths of Ericson's
zonal boundaries (as recognized in Hole 533) versus
time (Fig. 6) results in a curve showing more detailed
variations of the sedimentation rate in this area during
the Quaternary period. With some reservations (taking
into account the various degrees of approximation inter-
vening at each stage of the processing), we may interpret
this curve to identify two short periods during which the
sedimentation rate declined to a minimum value of
about 30 m/m.y. One period includes Zones W and X,
near the top of the Pleistocene; the other corresponds to
the interval extending from the Pliocene/Quaternary
boundary up to the lower limit of Zone P. In addition,
the shape of the curve shows that the extreme sedimen-
tary condensation of the latest Pliocene episode was suc-
ceeded during the early Pleistocene by a progressive in-
crease of the sedimentation rate, which accelerated dur-

Table 2. Approximate ages for Quaternary faunal boundaries.

150

EricsoiVs zones
in Hole 533

Faunal boundary

Y/Z
X/Y
W/X
V/W
U/V
T/U
S/T
R/S
Q/R
P/Q

P (lower)
Pliocene/Quaternary

boundary

Approximate
age (in m.y.)

0.011
0.070
0.130
0.175
0.440
0.535
0.995
1.250
1.565
1.630
1.750
1.850

Sub-bottom depth in
Hole 533 (m)

1
3.5
6.5
8.5

29.5
42.0
71.5
90.5

127.0
139.5
148.0
151.0

Note: Data are synthesized from Ericson and Wollin (1968),
Briskin and Berggren (1975), Haq et al. (1977), and Berg-
gren et al. (1980).

Figure 6. Sub-bottom depths of Ericson's faunal boundaries in Hole
533 plotted versus time. (The resulting curve shows variations of
the Quaternary sedimentation rate [arbitrarily assumed to be con-
stant in each of Ericson's zonal intervals]. 1 = Globigerinoides ob-
liquus LAD; 2 = Pulleniatina flnalis FAD; 3 = Matuyama/Brun-
hes boundary.)

ing Zone Q to slightly more than 200 m/m.y. and then
slowed again, closer to the average value of ± 80 m/m.y.
However, the curve of Figure 6 still depicts some further
fluctuations, with a faster sedimentation rate during
Zones R and U, and rates closer to the average value
just cited above, in Zones S, T, V, Y, Z.

Because it is possible to identify without too many
difficulties Ericson's zones in this series, it can be de-
duced that sedimentary processes should not involve
major disturbances, important faunal reworkings, or
displacements, at least during Zones Q to V. The post-V
sequence, during which sedimentation rate slightly de-
clined, shows a less clear pattern. Problems arise, owing
to the abnormal occurrence of Globorotalia tumida
flexuosa in two samples (533-1-1, 2.5-3.5 cm and 534-1-
1, 9-11 cm), both very close to the sea bottom and at-
tributable to Zone Z. An age of circa 0.011 m.y. is at-
tributed to the lower limit of this zone (Broecker et al.,
1960), whereas G. tumida flexuosa is known to last ap-
pear 0.1 m.y. ago in the Atlantic Ocean (see Table 2).

Three other foraminiferal datum levels give addition-
al control to the slope of the curve shown in Figure 6:

1) Globigerinoides obliquus LAD (1.7 m.y.), which
was observed in Hole 533 at a sub-bottom depth of 145
m (Sample 533-35,CC);

2) Pulleniatina finalis FAD (1.3 m.y.), here depicted
at 77 m but in a zone of very scattered occurrence;

3) Matuyama/Brunhes paleomagnetic boundary (0.69
m.y.), the equivalent of which is evidenced by the ex-
tinction of a group of benthic foraminifers below Sam-
ple 533-14,CC (sub-bottom depth 51.5 m.) (Blanc-Ver-
net, this volume).

Datum levels 1 and 3 fall exactly on the curve based
on Ericson's zonal boundaries, whereas datum level 2 is
offset (Fig. 6). The presence of P. finalis is very sporadic
in Hole 533, and its first appearance cannot be used here
as a significant datum.

518



UPPER NEOGENE AND QUATERNARY PLANKTONIC FORAMINIFERS

PALEOCLIMATOLOGY AND
PALEOCEANOGRAPHY

A quantitative analysis of planktonic foraminifers
has been conducted at Site 533, including a calculation
of abundance percentages at the species level (or group-
ings of a few related species), determination of the pre-
dominant coiling direction among populations of Glo-
borotalia truncatulinoides (in the Quaternary), and a
study of the variations of several parameters among pop-
ulations of the genus Orbulina (in the uppermost Qua-
ternary only).

Three distinct test intervals were investigated: (1) Ho-
locene and uppermost Pleistocene Cores 533-1 to 5; (2)
lowermost Pleistocene to uppermost Pliocene Cores 533-
37 to 41; and (3) mid-Pliocene Cores 533A-26 to 29.

Global Quantitative Characteristics of Selected Samples

Percentages in weight of the > 63-µm washed residue,
as well as the number of foraminifers per gram of dried
sample, the number of benthic specimens per gram of
dried sample, and the percentages of planktonics of se-
lected samples from the three tested intervals are plotted
in Figure 7. A comparison of the variations in these var-
ious parameters provide information on sedimentary
process changes.

The low percentages of residue as well as the scarcity
of both planktonic and benthic foraminifers in Cores
533A-26 to 29 (test interval no. 3, bottom of Zone PL3)
may be correlated with the extremely high sedimenta-
tion rate (570 m/m.y.) prevailing at that time, during
which foraminifers appear to have been strongly "dilut-
ed" in sediment predominantly composed of fine (< 63-
µm) terrigenous material.

In Cores 533-41 to 37 (test interval no. 2), Samples
533-41-3, 27-29 cm to 533-38-3, 25-27 cm (upper PL5
Zone) reveal an increased percentage of the >63-µm
residue compared to interval no. 3, without any correla-
tive enrichment in foraminifers, whose abundance val-
ues (for both total foraminifers and benthics) remain
equal to or slightly higher than those obtained in the
PL3 interval. This fact suggests some decrease of fora-
miniferal productivity at this level, more important for
planktonics than for benthics.

The data then show an abrupt change in Zone PL6
(Core 38, Section 2) and the basal Quaternary (Core 38,
Section 1, Core 38X, Core 37) intervals. There is evi-
dence of strong condensation, with an almost simulta-
neous increase of planktonics and benthics. Following a
period of maximum condensation straddling the Plio-
cene/Quaternary boundary, there is a reversal trend ap-
pearing in Core 37, which corresponds well with the ba-

Sample
(interval in cm)

A
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1 2 3 4 5 500
Number/gram

1000 1500 2000 2500
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5 10 15 20 85 90 95
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533-2-2, 25-27

533-2-2, 118-120

533-3.CC

533-5-1,31-33
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\
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/

/
\
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/
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/

I

/
533-37-1,47-49

533-37-2, 25-27

533-38-X, 17-19
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533-38-2, 15-17

533-38-2, 106-108

533 38-3, 25-27
533-39-1,48-50

533 39-3, 33-35
533-40-1, 38-40

533-40-2, 36-38
533-41-1,47-49

533-41-2,42-44

533-41-3, 27-29

\
/
\
/
\

533A-26,CC

533A-27-2, 88-90

533A-27-4,120-122

533A-27-6.100-102

533A-28-2, 34-36

533A-29-2, 88-90
533A-29-3, 40-42
533A-29-4, 48-50

Figure 7. Global quantitative characteristics of selected samples from three test intervals (Cores 533-1 to 5;
533-37 to 41; 533A-26 to 29). A = percentage in weight of >63-µm residue. B = number of foramini-
fers per gram of sediment, > 160-µm size fraction. C = number of benthic foraminifers per gram of
sediment, > 160-µm size fraction. D = percentage of planktonic foraminifers in the > 160-µm size
fraction.
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sal Pleistocene part of the sedimentation rate curve de-
picted in Figure 6.

The uppermost Pleistocene-Holocene interval (Hole
533, Cores 1-5) seems to be characterized by a more im-
portant planktonic foraminiferal productivity than the
deeper intervals. Some sedimentary processes resulting
in concentration of microfossils could also affect this
part of the series, particularly Samples 533-1-1, 7-9 cm
and 533-1-1, 2.5-3.5 cm, located near the top of Core 1.
Such concentration does not appear to correspond strict-
ly with the fluctuations of the sedimentation rate curve
(Fig. 6).

Detailed Analysis of Test Intervals

Test Interval No. 1

Calculated percentages of some representative plank-
tonic species (Fig. 8) and cumulative percentages (Fig. 9)
show that the planktonic assemblage at the top of Hole
533 is climatically typical of the subtropical province
(cf., Be, 1977). This attribution is based on the abun-
dance of Globigerinoides ruber, which ranks here as the
dominant species, followed by Globorotalia truncatuli-
noides and Globigerinoides quadrilobatus s.l. (= G. sac-
culifer sensu Be), and on the absence of "Globigerina"
pachyderma. More precisely, this Holocene assemblage
appears to belong to the rather cooler area of the sub-
tropical province, with some affinities to the transition
zone that are momentarily accentuated in intervals of
the Pleistocene during the colder parts of the climatic
cycles. This is evidenced by sharp increases in the per-
centage of Globorotalia inflata, which in some periods
(for instance, during Zones Y and W) may rank in fre-
quency as the second species in the planktonic assem-
blage.

There is a distinct inverse correlation between the rel-
ative abundances of G. inflata and G. truncatulinoides,
reflecting climatic variations. Variations of coiling in
the latter species are also significant but more difficult
to interpret. Sinistrally coiled forms of G. truncatuli-
noides are normally predominant in the "warm" Holo-
cene (Lutze et al., 1979), but (as expected) drop to
almost zero during the cold cycle of Zone Y, which is
also characterized by a significant increase in the per-
centage of G. inflata. Below the X/Y boundary, the pat-
tern becomes slightly less clear. Sinistral forms remain
very poorly represented during Zone X (which is never-
theless affected by a slight warming) and the top of
Zone W (a cold period), and raise again in percentage,
predominating more or less erratically on dextral forms
in the lower part of Zone W and the top of Zone V
(warmer).

The peak of 35% reached by Globigerinoides ruber
during the coldest period of Zone Y (Sample 533-1,CC)
could be better explained by influence of salinity than
by surface water temperature (cf., Briskin and Berg-
gren, 1975; Be, 1977).

Detailed variations in abundance percentages shown
by other forms like Pulleniatina spp., Globoquadrina
dutertrei, Globigerinella-Hastigerinella group and, sur-
prisingly, by Globigerinoides quadrilobatus s.l., as well
as variations of diameter measured in Orbulina (Fig. 10),
do not appear significant nor do they clearly correlate to
the climatic trends inferred from Globorotalia. This ap-
parently discordant pattern should be brought together
with another anomaly that has been mentioned above,
that is, the higher occurrence of G. tumida flexuosa in
the tops of Holes 533 and 534; these occurrences could
be considered as additional evidence of consequences of
more or less small-scale microfaunal reworkings and/or
displacements, thus slightly obscuring the stratigraphic

10 20
Cumulative percentage

30 40

Sample
core-section,

100 Core interval in cm)

Figure 8. Variation in the cumulative percentage of planktonic foraminiferal species or groups from the top interval of Hole 533 (Cores 1-3,
Holocene and uppermost Pleistocene). (1 = Orbulina; 2 = Globorotalia inflata; 3 = G. gr. crassaformis; 4 = G. truncatulinoides [a, dextral; b,
sinistral]; 5 = G. hirsuta; 6 = G. scitula; 7 = menardiiform globorotalids [G. tumida, G. menardii, G. ungulata]; 8 = Pulleniatina [P. obli-
quiloculata, P. flnalis]; 9 = Globoquadrina dutertrei; 10 = Globigerinoides quadrilobatus sacculifer; 11 = G. quadrilobatus trilobus; 12 = G.
conglobatus; 13 = Sphaeroidinella dehiscens; 14 = Globigerinella/Hastigerinella group; 15 = Globigerinoides ruber [a, pink; b, colorless];
16 = other species [undifferentiated].)
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Figure 9. Percent abundances of selected planktonic foraminiferal species in the > 160-µm planktonic assemblages (Holocene-upper-
most Pleistocene, test interval no. 1—Cores 533-1 to 5). (1 = Orbulina; 2 = Globorotalia inflata; 3-5 = G. truncatulinoides [3, dex-
tral; 4, sinistral; 5, total percentage); 6 = menardiiform globorotalids; 7 = Pulleniatina; 8 = Globoquadrina dutertrei; 9 = Globi-
gerinella-Hastigerinella; 10 = Globigerinoides quadrilobatus s.l.; 11-12: G. ruber [11, pink; 12, total percentage].)
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Figure 10. Genus Orbulina—variation of several parameters (test interval no. 1, Cores 533-1 to 5,
Holocene-uppermost Pleistocene). (1 = percent abundance; 2 = maximum values of the diam-
eter; 3 = mean values of the diameter. Climatic trends mostly deduced from variations of per-
cent abundances of Globorotalia inflata, G. truncatulinoides, and menardiiform globorotalids
[see Fig. 9]; a = warmer; c = cooler; b = intermediate.)

521



M. MOULLADE

and mostly the paleoclimatic signal. Poag (1972) has
also observed some mixing of Holocene and uppermost
Pleistocene sediments at the top of DSDP Holes 103 and
104, immediately south of Site 533.

Test Interval No. 2

Assemblages in this lowermost Pleistocene-upper-
most Pliocene interval are also representative of the sub-
tropical province, with, however, subtropical character-
istics slightly more accentuated than in the Holocene-
uppermost Pliocene assemblages. Percentages of Glo-
bigerinoides ruber (grouped here with G. gr. obliquus)
are more sharply predominant; G. quadrilobatus s.l.,
menardiiform globorotalids, and Globigerinoides con-
globatus are also statistically better represented here
than in the test interval no. 1. On the whole, percentages
of Globorotalia inflata do not exceed 5 to 6% here, ex-
cept for a short interval with a 20°7o peak in Sample 533-
37-1, 47-49 cm. Other parameters do not suggest that
this peak corresponds to a significantly colder episode.

Variations in the abundance of planktonic foraminifer-
al species throughout the interval (Figs. 11-12) do not
show clear paleoclimatic and paleoceanographic trends.
Like Briskin and Berggren (1975) did in slightly more
southern latitudes, I have observed in the basal Pleisto-
cene of Site 533 inconsistencies in abundance curves for
Globigerinoides quadrilobatus s.l. ( = G. sacculifer +
G. trilobus) and G. ruber, which vary either (most of-
ten) inversely or (more rarely) in phase. Fluctuations in
the abundance of G. quadrilobatus sacculifer are inter-
preted as probably linked to temperature variations and
those of G. ruber to salinity variations. The sampling
density used for this quantitative study (one sample per
section) may not be sufficient enough to reveal details of
paleoclimatically induced oscillations in this highly con-
densed stratigraphic interval. Finally, we have also to
face the possibility that as in test interval no. 1, the pa-
leoclimatic signal is more or less obscured by small-scale
reworkings and mixtures of sediments and microfaunas,
for instance, as a result of bottom contour-following
currents.

10 15 20

Cumulative percentage

35 40 45

Sample
Core (core-section,

50 55 60 65 70 75 80 85 90 95 100 interval in cm)

Figure 11. Variation in the cumulative percentage of planktonic foraminiferal species or groups from the uppermost Pliocene-lowermost
Pleistocene interval (Cores 533-37 to 41). (1 = Orbulina; 2 = Globorotalia inflata; 3 = G. gr. crassaformis; 4 = G. tosaensis; 5 = G. trun-
catulinoides; 6 = G. hirsuta; 1 = G. scitula; 8 = menardiiform globorotalids; 9 = Pulleniatina; 10 = Globoquadrina gr. acostaensis-hu-
merosa-dutertrei; 11 = Globigerinoides quadrilobatus sacculifer; 12 = G. quadrilobatus trilobus; 13 = G. conglobatus; 14 = Sphaeroidi-
nella dehiscens (s.l.); 15 = G. gr. obliquus; 16 = G. ruber; 17 = other species.)
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Figure 12. Percent abundances of selected planktonic foraminiferal species (uppermost Pliocene-lowermost Pleistocene, test interval no. 2
(Cores 533-37 to 41). (1 = Orbulina; 2 = Globorotalia inflata; 3 = G. truncatulinoides; 4 = G. gr. crassaformis; 5 = G. hirsuta; 6 = me-
nardiiform globorotalids; 7 = Pulleniatina; 8 = Globoquadrina gr. acostaensis-humerosa-dutertrei; 9 = Globigerinoides conglobatus;
10 = Sphaeroidinella dehiscens (s.l.); 11 = G. quadrilobatus (s.l.); 12 = G. gr. ruber-obliquus.)

Test Interval No. 3

In this interval of extremely high sedimentation rate
density of sampling should be more favorable than in
other intervals. The data (Figs. 13-14), however, are
still not easy to decipher. Abundance curves of Globi-
gerinoides obliquus-ruber and of G. quadrilobatus s.l.
show the same general opposite trends. The shape of the
curves in the Core 29 interval may denote a warmer epi-
sode in the upper and middle part of the core, and then
a distinct cooling in the bottom, at the level of Sample
533A-29,CC. The interval from Core 26 to Core 28 seems
to correspond to more stable climatic conditions, with-
out any well characterized cycle or episode. The lower
part of Core 27 (Sections 4-6) may coincide with cooler
conditions, as evidenced by a simultaneous decrease in
percentages of G. quadrilobatus s.l., Sphaeroidinellop-
sis spp., G. conglobatus, and menardiiform globorotal-
ids. However, at this same level the relative abundance
of Orbulina and the rarity of Globorotalia puncticulata
(supposed to show the same climatic response as its
Phylogenetic successor G. inflata) do not particularly
strengthen this tentative interpretation.

CONCLUSION
Detailed investigations based on planktonic forami-

niferal distribution enabled us to establish a zonal sub-
division of the Pliocene-Quaternary series at Site 533,
which permitted us to estimate the sedimentation rate
fluctuations and to identify wide-scale climatic cycles
(like those defining Ericson's zones in the Quaternary)
but did not allow us to follow in great detail short peri-
odic episodes, even using quantitative methods. A care-

ful examination of the planktonic foraminiferal distri-
bution led us also to believe that another major climatic
event may have occurred in the upper part of the middle
Pliocene. The sequence from Cores 533A-29 up to 19
seems to represent a globally relatively warm interval
(given the relative abundance of keeled species, Sphae-
roidinellopsis, Globoquadrina gr. altispira, Globigeri-
noides quadrilobatus s.l., and so on). The next sequence
approximately including Cores 533A-18 to 11, is marked
by a sharp decrease or even complete disappearance of
several warmer-water indicators, and by the reappear-
ance of Globorotalia puncticulata. This apparently cold-
er interval chronologically extends from about 3.2 or
3.1 to 3.0 Ma, and could denote the repercussions of the
first "glacial" events that affected the North Atlantic
oceanic realm in the Neogene (Berggren, 1972), notwith-
standing the divergent opinion of Backman (1979) and
Morner and Backman (1980), who believe that this phe-
nomenon did not take place until about 2.5 Ma. At Site
533 this latter period (circa 2.5 Ma) does not appear to
be marked by any important change other than a strong
although progressive increase of the sedimentary con-
densation processes, without any clear alteration of the
climatic signal.
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Figure 14. Percent abundances of selected planktonic foraminiferal species (middle Pliocene, test interval no. 3 (Cores 533A-26 to 29). (1 = Or-
bulina; 2 = Globorotalia puncticulata; 3 = G. gr. crassaformis; 4 = G. praehirsuta; 5 = menardiiform globorotalids; 6 = Globoquadrina
gr. acostaensis-humerosa; 7 = Globigerinoides conglobatus; 8: Globoquadrina gr. altispira; 9 = Sphaeroidinellopsis spp.; 10 = Globigeri-
noides quad rilobatus (s.l.); 11 = G. gr. obliquus-ruber.)
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Plate 1. Upper Neogene and Quaternary planktonic foraminifers. (All specimens with the exception of Figs. 5-8,11, and 12 are magnified × 82.5.)
1-3. Globigerinoides ruber (d'Orbigny), (1) umbilical view. Sample 533-26.CC. Lower Pleistocene, (2) umbilical view, (3) spiral view. Sample
533-2-2, 25-27 cm. Upper Pleistocene. 4-8. Globigerinoides gr. obliquus-extremus, (4) umbilical view, (5) umbilical view, ×90, (6) umbilical
view, × 90, (7) umbilical view, × 90, (8) umbilical view, × 90. Sample 533A-29.CC. Middle Pliocene, Zone PL3. 9. Globigerinoides quadrilo-
batus trilobus (Reuss), umbilical view. Sample 533-26.CC. Lower Pleistocene. 10-11. Globigerinoides quadrilobatus sacculifer (Brady), (10)
umbilical view, (11) spiral view, × 78. Sample 533-26.CC. Lower Pleistocene. 12-13. Globigerinoides quadrilobatus fistulosus (Schubert), (12)
umbilical view, ×73, (13) spiral view. Sample 533A-7.CC. Upper Pliocene, Zone PL4.
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Plate 2. Upper Neogene and Quaternary planktonic foraminifers. (All specimens with the exception of Figs. 1-4 are magnified × 82.5). 1-3. Glo-
bigerinoides conglobatus (Brady), (1) spiral view, × 73, (2) oblique umbilical view, ×73, (3) side view, × 73. Sample 533A-13.CC. Middle Plio-
cene, Zone PL3. 4. "Globoquadrina"acostaensis (Blow), umbilical view, × 127.5. Sample 533-38-2,15-17 cm. Late Pliocene, Zone PL6. 5-
8. "Globoquadrina" humerosa (Takayanagi and Saito), (5) umbilical view, (6) side view, (7) spiral view. Sample 533A-18.CC. Middle Pliocene,
Zone PL3, (8) umbilical view, Sample 533A-29-3, 40-42 cm. Middle Pliocene, Zone PL3. 9-11. "Globoquadrina"gr. humerosa-dutertrei, (9)
umbilical view, (10) side view, (11) spiral view. Sample 533-38-2, 106-108 cm. Upper Pliocene, Zone PL6.
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Plate3. Upper Neogene and Quaternary planktonic foraminifers. (All specimens with the exception of Figs. 1,3,10, and 11 are magnified ×82.5.)
1-5. Globoquadrina dutertrei (d'Orbigny), (1) spiral view, ×73, (2) side view, (3) umbilical view, ×73. Sample 533-37-1, 47-49 cm. Lower Pleis-
tocene, (4) umbilical view, (5) side view. Sample 533-2-2, 25-27 cm. Upper Pleistocene. 6-7. Globigerinella siphonifera (d' Orbigny), (6) aper-
tural view. Sample 533-12.CC. Upper Pleistocene, (7) lateral view. Sample 533-2-2, 25-27 cm. Upper Pleistocene. 8-11. Globorotalia puncti-
culata (Deshayes), (8) umbilical view, (9) side view, (10) umbilical view, × 123.5, (11) side view, × 123.5. Sample 533A-29.CC. Middle Pliocene,
Zone PL3.
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Plate 4. Upper Neogene and Quaternary planktonic foraminifers. (All specimens with the exception of Figs. 3, 4, and 10 are magnified ×82.5).
1-7. Globorotalia inflata (d'Orbigny), (1) umbilical view, (2) side view, (3) umbilical view, ×90, (4) side view, ×90. Sample 533-38X, 17-19 cm.
Basal Pleistocene, (5) umbilical view, (6) side view, (7) spiral view. Sample 533-2-2, 25-27 cm. Upper Pleistocene. 8,12. Globorotalia cf. inflata
(d'Orbigny), (8) umbilical view, (12) side view. Sample 533-2-2, 25-27 cm. Upper Pleistocene. 9-11. Globorotalia praemiocenica Lamb and
Beard, (9) spiral view, (10) side view, ×90, (11) umbilical view. Sample 533A-29-3, 40-42 cm. Middle Pliocene, Zone PL3.
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Plate 5. Upper Neogene and Quaternary planktonic foraminifers. (All specimens with the exception of Figs. 1, and 3-8 are magnified ×82.5).
1-3. Globorotalia miocenica Palmer, (1) spiral view, ×78, (2) side view, (3) umbilical view, ×78. Sample 533A-3-4, 75-77 cm. Upper Pliocene,
Zone PL5. 4. Globorotalia multicamerata Cushman and Jarvis, umbilical view, × 62. Sample 533A-27.CC. Middle Pliocene, Zone PL3. 5-8.
Globorotalia pertenuis Beard, (5) spiral view, ×62, (6) side view, ×62, (8) umbilical view, ×62. Sample 533A-19.CC. Middle Pliocene, Zone
PL3, (7) side view, × 73. Sample 533A-18.CC. Middle Pliocene, Zone PL3. 9-11. Globoquadrina altispira altispira (Cushman and Jarvis), (9)
umbilical view, (10) side view, (11) spiral view. Sample 533A-29,CC. Middle Pliocene, Zone PL3.
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Plate 6. Upper Neogene and Quaternary planktonic foraminifers. (All specimens with the exception of Figs. 4-6, 8, and 10-12 are magnified
×82.5). 1-3. Globorotalia cf. tumida (Brady), (1) spiral view, (2) side view, (3) umbilical view. Sample 533A-22.CC. Middle Pliocene, Zone
PL3. 4-6. Globorotalia tumida tumida (Brady), (4) umbilical view, ×55, (6) spiral view, × 55. Sample 533-26,CC. Lower Pleistocene, (5) side
view, ×55. Sample 533-25.CC. Lower Pleistocene. 7-9. Globorotalia gr. menardii-ungulata, (7) umbilical view. Sample 533-12.CC. Upper
Pleistocene, (8) side view, × 110, (9) umbilical view. Sample 533-13.CC. Upper Pleistocene. 10-12. Globoquadrina altispira globosa Bolli, (10)
umbilical view, × 100, (11) side view, × 110, (12) umbilical view, × 100. Sample 533A-29-3, 40-42 cm. Middle Pliocene, Zone PL3.
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Plate 7. Upper Neogene and Quaternary planktonic foraminifers. 1. Globorotalia gr. menardii-ungulata, spiral view, × 87. Sample 533-12,CC.
Upper Pleistocene. 2-4. Globorotalia scitula (Brady), (2) spiral view, × 100, (3) side view, × 100, (4) umbilical view, × 100. Sample 533A-
24,CC. Middle Pliocene, Zone PL3. 5-8. Globorotalia praehirsuta Blow, (5) umbilical view, ×82.5, (8) spiral view, × 100, Sample 533A-
24,CC. Middle Pliocene, Zone PL3, (6) side view, × 100, (7) side view, × 82.5. Sample 533A-27.CC. Middle Pliocene, Zone PL3. 9-11. Globo-
rotalia aff. hirsuta (d'Orbigny) (umbilical side still more convex than spiral side), (9) umbilical view, × 90, (10) side view, × 90, (11) spiral view,
×90. Sample 533-38X, 17-19 cm. Basal Pleistocene. 12. Globorotalia tumida ßexuosa (Koch), umbilical view, × 55. Sample 533-16,CC. Up-
per Pleistocene.
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Plate 8. Upper Neogene and Quaternary planktonic foraminifers. 1-4. Globorotalia hirsuta (d'Orbigny), (1) spiral view, ×96, (2) umbilical
view, ×96, (3) side view, ×96, (4) umbilical view, ×96. Sample 534-1-1, 9-11 cm. Holocene. 5-6. Globorotalia cf. hirsuta (d'Orbigny) (in-
crusted form), (5) side view, ×82.5. Sample 533-10,CC. Upper Pleistocene, (6) umbilical view, ×82.5. Sample 533-11,CC. Upper Pleistocene.
7-11. Globorotalia gr. crassaformis (Galloway and Wissler), (7) side view, ×78, (8) umbilical view, ×78, (9) spiral view, ×87, (10) side view,
×82.5, (11) umbilical view, ×87. Sample 533-26,CC. Lower Pleistocene. 12. Globorotalia truncatulinoides (d'Orbigny), spiral view, ×73.
Sample 533-12.CC. Upper Pleistocene.
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Plate 9. Upper Neogene and Quaternary planktonic foraminifers. (All specimens with the exception of Figs. 1, 8-9, and 11-12 are magnified
×82.5). 1-4. Globorotalia truncatulinoides (d'Orbigny), (1) spiral view, ×90. Sample 533-12.CC. Upper Pleistocene, (2) side view, (3) side
view. Sample 533-26,CC. Lower Pleistocene, (4) umbilical view. Sample 533-25,CC. Lower Pleistocene. 5-7. Pulleniatina cf. okinawaensis
Natori, (5) spiral view, (6) side view, (7) umbilical view. Sample 533-26.CC. Lower Pleistocene. 8-10. Pulleniatina obliquiloculata (Parker and
Jones), (8) side view, × 87, (9) spiral view, × 87, (10) umbilical view. Sample 533-25,CC. Lower Pleistocene. 11-12. Pulleniatina finalis Banner
and Blow, (11) lateral view, ×73, (12) apertural view, ×73. Sample 533-15,CC. Upper Pleistocene.
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Plate 10. Upper Neogene and Quaternary planktonic foraminifers. (All specimens are magnified × 82.5). 1-2. Sphaeroidinella dehiscens dehis-
cens (Parker and Jones). Sample 533-37-1, 47-49 cm. Basal Pleistocene. 3-6. Sphaeroidinellopsis gr. seminulina-subdehiscens, (3) umbilical
view, (6) umbilical view. Sample 533A-27.CC. Middle Pliocene, Zone PL3, (4) umbilical view, (5) spiral view. Sample 533A-29,CC. Middle
Pliocene, Zone PL3.
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