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ABSTRACT

Six sites were drilled in the South Atlantic on DSDP Leg 73. The sediment recovered ranges in age from Late Creta-
ceous to Pleistocene. Five sites (519-523) were drilled on the Mid-Atlantic Ridge on Tertiary magnetic anomalies. One
site (524) was drilled on the Walvis Ridge on Upper Cretaceous crust. Paleontologic dates agree well with magneto-
stratigraphic dates at the sites drilled on the Mid-Atlantic Ridge. As on Leg 3, a Braarudosphaera chalk is found at Sites
522 and 523 in the Oligocene. At the Walvis Ridge site, Site 524, a continuous section across the Cretaceous/Tertiary
boundary was cored. Evidence suggests that the Cretaceous forms found mixed with Danian forms immediately above

the boundary are in situ and not reworked.

INTRODUCTION

In total, 1000 samples were recovered from six sites
that were drilled in the South Atlantic on DSDP Leg 73.
The samples were examined for calcareous nannofossils
for the purpose of making biostratigraphic age deter-
minations. All samples were studied by light micros-
copy. The sediments ranged in age from Late Creta-
ceous to Pleistocene, and almost all contained a very
abundant, moderately well preserved nannoflora. Tables
1 to 12 contain the species distribution for each sample
and the nannofossil zonation recognized at each site.
In the preservation code used in the tables, P = poor,
F = fair, and G = good. All frequencies are estimated.
The total flora frequencies are as follows: VR (very
rare) = 1-4, R (rare) = 5-10, F (frequent) = 11-30, C
(common) = 31-50, A (abundant) = 51-100, and VA
(very abundant) = >100. The individual species fre-
quencies are as follows: VR (very rare) = 1-2, R (rare)
= 3-5, F (frequent) = 6-10, C (common) = 11-25, A
(abundant) = 26-50, and VA (very abundant) = > 50.

In the discussion below, the information that resulted
from the examination of the samples is presented from
two different perspectives. First it is organized by cal-
careous nannofossil zone, with the oldest zones dis-
cussed first. Then it is organized by hole and sediment
age, with the oldest sediments discussed last.

CALCAREOUS NANNOFOSSIL ZONES

Cretaceous
The Cretaceous nannofossil zones used are those pre-
sented by Perch-Nielsen (1977).
Nondiagnostic Zone

Definition. Interval from the first occurrence of
Micula staurophora to the first occurrence of Nephro-
lithus frequens.

1 Hsii, K. J., LaBrecque, J. L., et al., Init. Repts. DSDP, 73: Washington (U.S. Govt.
Printing Office).

Stratigraphic position. Upper Turonian to Maestrich-
tian.

Remarks. This zone is found at Hole 524. The low
species diversity, poor to fair preservation, and absence
of marker species account for the indefinite age deter-
mination.

Nephrolithus frequens Zone

Author of marker species. Cepek and Hay, 1969,
emend. Perch-Nielsen, 1977.

Definition. Interval from the first occurrence of
Nephrolithus frequens to the first occurrence of Micula
mura.

Stratigraphic position. Upper Maestrichtian.

Remarks. This zone occurs as a thin interval in the
sediments at Hole 524.

Micula mura Zone

Author of marker species. Martini, 1969, emend. this
paper.

Definition. Interval from the first occurrence of
Micula mura to the first occurrence of Zygodiscus sig-
moides.

Remarks. The Micula mura Zone is found at Hole
524. At this site Nephrolithus frequens occurs through-
out the range of M. mura. The use of the first occur-
rence of Zygodiscus sigmoides is necessitated by the oc-
currence of an abundance of typical Maestrichtian forms
with an abundance of typical Danian forms for a con-
siderable distance above the iridium concentration hori-
zon (Hsii et al., 1982) at Hole 524. It was difficult to de-
cide whether the Maestrichtian forms were reworked or
in situ. Oxygen-isotope work by Hsii et al. (1982) sug-
gests that the Maestrichtian forms are indeed in situ.

Tertiary and Quaternary

The zonation proposed by Martini (1971) is used for
the six sites drilled on Leg 73. Zonations developed by
Bukry (1973, 1975) and Okada and Bukry (1980) are used
in addition to Martini’s for the Paleogene sediments of
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Holes 522 and 523. The author uses the species ranges of
Martini (1971) and Bukry (1973).

At times the marker species used by Martini (1971) to
define a particular zone are absent. Under these cir-
cumstances the author used secondary species to mark a
zone, although the range of a secondary species may not
be exactly the same as that of the primary species. Zones
defined by secondary species are indicated by an as-
terisk. In the tables one may also find (for example)
Zone NNI11, followed by NN10/11, finally followed by
NNI10. In Zone NN10/11 in this sequence, the NN11
marker species is absent but a secondary species is pres-
ent. Further, neither the marker species for Zone NN10
nor a secondary species is present; therefore, one cannot
locate the top of NNI10 strictly.

Markalius astroporus Zone, NP1*

Definition. Interval from the last occurrence of Cre-
taceous species to the first occurrence of Cruciplaco-
lithus edwardsii.

Remarks. Herein, this zone is defined as the first oc-
currence of Zygodiscus sigmoides to the first occurrence
of Cruciplacolithus edwardsii and Coccolithus pelagicus
at Hole 524. The first occurrence of Z. sigmoides is used
because of the abundance of Late Cretaceous species
with an abundance of typical Danian forms, such as
Markalius astroporus, Thoracosphaera operculata, Neo-
chiastozygus concinnus, and Biantholithus sparsus.
Thierstein and Okada (1979) attributed a similar occur-
rence to benthic mixing. Cruciplacolithus edwardsii is in
part a junior synonym of C. fenuis (Romein, 1979).

Cruciplacolithus edwardsii Zone, NP2

Definition. Interval from the first occurrence of
Cruciplacolithus edwardsii to the first occurrence of
Chiasmolithus danicus.

Remarks. As at Hole 524, this zone is identified as
the interval from the first occurrence of Cruciplaco-
lithus edwardsii and Coccolithus pelagicus to the first
occurrence of Chiasmolithus danicus.

Chiasmolithus danicus Zone, NP3

Definition. Interval from the first occurrence of
Chiasmolithus danicus to the first occurrence of Ellip-
solithus macellus.

Remarks. The above definition is followed in the
identification of the zone at Hole 524.

Ellipsolithus macellus Zone, NP4

Definition. Interval from the first occurrence of El-
lipsolithus macellus to the first occurrence of Fascicu-
lithus tympaniformis.

Remarks. The primary guide species are used to rec-
ognize this zone at Hole 524.

Fasciculithus tympaniformis Zone, NP5

Definition. Interval from the first occurrence of Fas-
ciculithus tympaniformis to the first occurrence of He-
liolithus kleinpellii.

Remarks. At Hole 524 the above zonal definition is
followed.
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Heliolithus kleinpellii Zone, NP6

Definition. Interval from the first occurrence of He-
liolithus kleinpellii to the first occurrence of Discoaster
mohleri.

Remarks. Both of the above species occur in their an-
ticipated order at Hole 524.

Discoaster mohleri Zone, NP7*

Definition. Interval from the first occurrence of Dis-
coaster mohleri to the first occurrence of Heliolithus
riedeli.

Remarks. Since Heliolithus riedeli is absent at Hole
524, the extinction datum of Heliolithus kleinpellii is
used to approximate the upper boundary. The lower
boundary is placed at the first occurrence of Discoaster
mohleri.

Heliolithus riedeli Zone, NP8*

Definition. Interval from the first occurrence of He-
liolithus riedeli to the first occurrence of Discoaster
multiradiatus.

Remarks. As stated previously, Heliolithus riedeli is
absent at Hole 524; therefore, the horizon at the extinc-
tion datum of Heliolithus kleinpellii is chosen to be the
lower boundary. The upper boundary is delineated by
the first appearance of Discoaster multiradiatus.

Discoaster multiradiatus Zone, NP9*

Definition. Interval from the first occurrence of Dis-
coaster multiradiatus to the first occurrence of Tri-
brachiatus bramlettei.

Remarks. Tribrachiatus bramlettei is absent at Hole
524 and Hole 524A; thus, the last occurrence of the sec-
ondary species Discoaster mohleri is used to define the
upper boundary. The lower boundary remains the same.

Tribrachiatus contortus Zone, NP10*

Definition. Interval from the first occurrence of 7Tri-
brachiatus bramlettei to the last occurrence of T. con-
tortus.

Remarks. Since both primary species are absent at
Holes 524, 524A, and 524B, the extinction datum of the
secondary species Discoaster mohleri is used as the base
and the last occurrence of D. multiradiatus as the top.
The top was not encountered at Holes 524A and 524B.

Discoaster binodosus Zone, NP11*

Definition. Interval from the last occurrence of Tri-
brachiatus contortus to the first occurrence of Dis-
coaster lodoensis.

Remarks. At Hole 524, Tribrachiatus contortus is
missing, and the last occurrence of Discoaster multira-
diatus is used as the base. For the top, the first occur-
rence of D. lodoensis is used. At Hole 524B NP11 is
missing.

Tribrachiatus orthostylus Zone, NP12

Definition. Interval from the first occurrence of Dis-
coaster lodoensis to the last occurrence of Tribrachiatus
orthostylus.



Remarks. According to the above definition this zone
was recognized at Holes 524 and 524B. The top is not
reached at Hole 524.

Discoaster lodoensis Zone, NP13

Definition. Interval from the last occurrence of
Tribrachiatus orthostylus to the first occurrence of Dis-
coaster sublodoensis.

Remarks. As defined above, the base of this zone is
found at Hole 524B; however, the top is not reached.

Discoaster sublodoensis Zone, NP14

Definition. Interval from the first occurrence of Dis-
coaster sublodoensis to the first occurrence of Nan-
notetrina fulgens.

Remarks. This zone is not recognized at any of the
sites.

Nannotetrina fulgens Zone, NP15*

Definition. Interval from the first occurrence of Nan-
notetrina fulgens to the last occurrence of Rhabdolithus
gladius.

Remarks. At Hole 523, the base of this zone was not
reached, and the last occurrence of Chiasmolithus gigas
is used to approximate the top, since Rhabdolithus
gladius is absent. This interval at Hole 523 equals the
CP13b C. gigas Subzone of the CP13 Nannotetrina ful-
gens Zone of Okada and Bukry (1980).

Nannotetrina fulgens, NP15/Discoaster tani
nodifer Zone, NP16

Remarks. This interval at Hole 523 is characterized
by the presence of Nannotetrina fulgens without Rhab-
dolithus gladius and Chiasmolithus gigas. It correlates
with the CP13c Coccolithus staurion Subzone of the
CP13 N. fulgens Zone of Okada and Bukry (1980).

Discoaster tani nodifer Zone, NP16*

Definition. Interval from the last occurrence of
Rhabdolithus gladius to the last occurrence of Chiasmo-
lithus solitus.

Remarks. At Hole 523 the lower boundary is recog-
nized by the last occurrence of Nannotetrina fulgens.
The upper boundary is picked on the primary species
mentioned above. This interval equals the upper part of
the CP13c Coccolithus staurion Subzone of the CP13
N. fulgens Zone and the CP14a Discoaster bifax Sub-
zone of the CP14 Reticulofenestra umbilica Zone of
Okada and Bukry (1980).

Discoaster saipanensis Zone, NP17*

Definition. Interval from the last occurrence of
Chiasmolithus solitus to the first occurrence of C.
oamaruensis.

Remarks. The base of the zone at Hole 523 agrees
with the definition of the zone. However, because of the
rarity of Chiasmolithus oamaruensis the top is picked
on the extinction of C. grandis. The interval correlates
with the CP14b Discoaster saipanensis Subzone of the
CP14 Reticulofenestra umbilica Zone of Okada and
Bukry (1980).
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Chiasmolithus oamaruensis Zone, NP18*

Definition. Interval from the first occurrence of
Chiasmolithus oamaruensis to the first occurrence of
Isthmolithus recurvus.

Remarks. As mentioned previously, the extinction of
Chiasmolithus grandis is used for the base at Hole 523.
The top is placed at the first occurrence of Isthmolithus
recurvus. This interval equals much of the CP15a C.
oamaruensis Subzone of the CP15 Discoaster barbadi-
ensis Zone of Okada and Bukry (1980).

Isthmolithus recurvus Zone, NP19

Definition. Interval from the first occurrence of Isth-
molithus recurvus to the first occurrence of Spheno-
lithus pseudoradians.

Remarks. This primary marker is present at Hole
523. This interval is extremely short and correlates with
a small part of the CP15a Chiasmolithus oamaruensis
Subzone of the CP15 Discoaster barbadiensis Zone of
Okada and Bukry (1980).

Sphenolithus pseudoradians Zone, NP20

Definition. Interval from the first occurrence of
Sphenolithus pseudoradians to the last occurrence of
Discoaster saipanensis.

Remarks. The above definition is used to recognize
this zone at Hole 523. At Holes 522, 522A, and 522B the
base was not reached. This interval equals a small upper
part of the CP15a Chiasmolithus oamaruensis Subzone
and all of the CP15b Isthmolithus recurvus Subzones of
the CP15 Discoaster barbadiensis Zone of Okada and
Bukry (1980).

Ericsonia subdisticha Zone, NP21

Definition. Interval from the last occurrence of Dis-
coaster saipanensis to the last occurrence of Coccolithus
formosus.

Remarks. The above definition is used to identify this
zone at Holes 522, 522A, and 523. This zone correlates
with the CP16a Ericsonia subdisticha Subzone and the
CP16b Coccolithus formosus Subzone of the CP16 He-
licosphaera reticulata Zone of Okada and Bukry (1980).

Helicosphaera reticulata Zone, NP22

Definition. Interval from the last occurrence of Coc-
colithus formosus to the last occurrence of Reticulofe-
nestra umbilica.

Remarks. At Holes 522, 522A, 522B, and 523 the
above definition is used. The top and base are not
reached at Hole 522B. This interval equals the CP16¢c
Reticulofenestra hillae Subzone of the CP16 Helico-
sphaera reticulata Zone of Okada and Bukry (1980).

Sphenolithus predistentus Zone, NP23*

Definition. Interval from the last occurrence of Re-
ticulofenestra umbilica to the first occurrence of Sphe-
nolithus ciperoensis.

Remarks. The above definition is used at Holes 522
and 522A. However, Sphenolithus ciperoensis is ex-
tremely rare at Hole 523; therefore, the extinction of S.
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pseudoradians is used. The latter species has its last oc-
currence well within NP23. This interval correlates with
the CP17 S. predistentus Zone and CP18 S. distentus
Zone of Okada and Bukry (1980).

Sphenolithus distentus Zone, NP24*

Definition. Interval from the first occurrence of Sphe-
nolithus ciperoensis to the last occurrence of S. disten-
tus.

Remarks. At Holes 522 and 522A the above definition
is followed. At Hole 523, as mentioned previously, the
last occurrence of Sphenolithus pseudoradians is used as
the base. This zone correlates with the CP19a Cyclicar-
golithus floridanus Subzone of the CP19 S. ciperoensis
Zone of Okada and Bukry (1980).

Sphenolithus ciperoensis Zone, NP25*

Definition. Interval from the last occurrence of Sphe-
nolithus distentus to the last occurrence of Helicosphae-
ra recta.

Remarks. The above definition is used to determine
the base at Holes 522, 522A, and 523. However, the ex-
tinction of Dictyococcites bisectus is used to determine
the top. This zone equals the CP19b D. bisectus Sub-
zone of the CP19 Sphenolithus ciperoensis Zone of
Okada and Bukry (1980).

Triquetrorhabdulus carinatus Zone, NN1*

Definition. Interval from the last occurrence of Heli-
cosphaera recta to the first occurrence of Discoaster
druggi.

Remarks. Again the secondary species Dictyococcites
bisectus is used for the base of this zone at Holes 522,
522A and 523. The last occurrence of Coccolithus eo-
pelagicus is used for the top at Holes 522A and 523. The
first occurrence of Discoaster druggi is used for Hole
522.

Discoaster druggi, NN2/Sphenolithus belemnos
Zone, NN3*

Remarks. This interval is characterized by the total
range of Discoaster druggi at Hole 522. This species is
the marker for the base of NN2. The extinction of Sphe-
nolithus belemnos is the marker species for the top of
NN3; however, it is absent at Hole 522.

. Sphenolithus belemnos, NN3/Sphenolithus
heteromorphus Zone, NN5*

Remarks. For this interval the total range of Spheno-
lithus heteromorphus is used at Hole 522. The base of
NN3 was defined by Martini (1971) as the last occur-
rence of Triquetrorhabdulus carinatus and the top of
NNS as the last occurrence of S. heteromorphus.

Helicosphaera ampliaperta Zone, NN4*

Definition. Interval from the last occurrence of Sphe-
nolithus belemnos to the last occurrence of Helico-
sphaera ampliaperta.

Remarks. The top is identified at Holes 521 and 521A
by using the last occurrence of Helicosphera euphratis,
which has the same top as H. ampliaperta. The base was
not reached.

394

Helicosphaera ampliaperta, NN4/Discoaster exilis
Zone, NN6*

Remarks. This interval is identified by the author at
Hole 523 as the interval from the first occurrence of Dis-
coaster braarudii to the last occurrence of D. deflandrei.
The base of NN4 is usually identified as the last occur-
rence of Sphenolithus belemnos.

Sphenolithus heteromorphus Zone, NN5*

Definition. Interval from the last occurrence of Heli-
cosphaera ampliaperta to the last occurrence of Spheno-
lithus heteromorphus.

Remarks. The base was not reached at Hole 520. At
Holes 521 and 521A the base is characterized by the last
occurrence of Helicosphaera euphratis.

Discoaster exilis Zone, NN6*

Definition. Interval from the last occurrence of Sphe-
nolithus heteromorphus to the first occurrence of Dis-
coaster kugleri.

Remarks. At Holes 520 and 521, this zone is identi-
fied by the extinction of Sphenolithus heteromorphus at
the base and the extinction of the secondary species Dis-
coaster deflandrei at the top.

Discoaster kugleri Zone, NNT*

Definition. Interval from the first occurrence of Dis-
coaster kugleri to the first occurrence of Catinaster coa-
litus.

Remarks. This zone is identified herein as the total
range of Discoaster kugleri at Hole 520 because there is
no overlap of D. kugleri and Catinaster coalitus.

Discoaster kugleri, NN71/Catinaster coalitus
Zone, NN8*

Remarks. This interval lies between the last occurrence
of Discoaster kugleri and the first occurrence of Cati-
naster coalitus at Hole 520. This interval would normal-
ly be characterized by the first occurrence of D. kugleri
at its base and the first occurrence of D. hamatus at its
top.

Catinaster coalitus, NN8/Discoaster calcaris
Zone, NN10*

Remarks. The base of this interval is defined by the
first occurrence of Catinaster coalitus; the top, by the
first occurrence of Discoaster quinqueramus. This is the
definition used at Hole 520.

Discoaster hamatus, NN9/Discoaster calcaris
Zone, NN10*

Remarks. At Hole 521A this interval is recognized as
the total range of Discoaster prepentaradiatus, inasmuch
as both D. hamatus and D. quinqueramus, the first oc-
currences of which indicate the base and top respective-
ly, are absent.

Discoaster calcaris Zone, NN10*

Definition. Interval from the last occurrence of Dis-
coaster hamatus to the first occurrence of D. quinquera-
mus.



Remarks. At Hole 520 the last occurrence of Catinas-
ter calyculus is used as a top NN10 marker species, and
the first occurrence of Discoaster quinqueramus is used
as a base marker species for NN11. Since D. quinquera-
mus is absent at Hole 521A, the extinction of D. prepen-
taradiatus is used to define the top of NN10. Similarly,
at Hole 519 D. quinqueramus is not present, and the last
occurrence of D. prepentaradiatus and C. calyculus is
used to indicate NN10. There is an apparent discrepancy
in the lower range of C. calyculus that is resolved by
considering the lower range at Hole 519 to be latitudi-
nally controlled.

Discoaster calcaris, NN10/Discoaster
quinqueramus Zone, NN11*

Remarks. At Hole 519 Discoaster hamatus and D.
quinqueramus are absent, so this interval is defined as
being from the last occurrence of Catinaster calyculus to
the first occurrence of Amaurolithus primus.

Discoaster quinqueramus Zone, NN11*

Definition. Interval from the first to the last occur-
rence of Discoaster quinqueramus.

Remarks. Three different definitions of this zone are
used. The primary definition (cited above) is used at
Holes 520, 521, and 522. At Hole 519 the definition
used is the interval from the first occurrence of Amau-
rolithus primus to the first occurrence of A. amplificus.
At Holes 521 and 523 the definition used is the interval
from the first occurrence of Discoaster surculus to the
first occurrence of A. delicatus.

Discoaster quinqueramus, NN11/Amaurolithus
tricorniculatus Zone, NN12*

Remarks. At Holes 519 and 519A, the author defines
this interval as that between the first and last occurrence
of Amaurolithus amplificus. At Hole 522 the interval is
defined as being from the first occurrence of Amauro-
lithus primus and A. delicatus to the first occurrence of
Ceratolithus rugosus. At Hole 523 this zone is defined
as the interval from the first occurrence of A. delicatus
to the first occurrence of C. rugosus. Both of these
horizons are well within the boundaries of the zones
they delimit.

Amaurolithus tricorniculatus Zone, NN12

Definition. Interval from the last occurrence of Dis-
coaster quinqueramus to the first occurrence of Cerato-
lithus rugosus.

Remarks. The definition above is used at Holes 520
and 521. At Hole 519 the lower boundary is placed on
the last occurrence of Amaurolithus amplificus.

Ceratolithus rugosus Zone, NN13

Definition. Interval from the first occurrence of Ce-
ratolithus rugosus to the first occurrence of Discoaster
asymmetricus.

Remarks. The type definition is used to recognize this
zone at Holes 519, 519A, 521, and 522.
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Discoaster asymmetricus Zone, NN14

Definition. Interval from the first occurrence of Dis-
coaster asymmetricus to the last occurrence of Amauro-
lithus tricorniculatus.

Remarks. The above definition is used to identify this
zone at Holes 519, 519A, 520, 522, and 523.

Discoaster asymmetricus, NN14/ Reticulofenestra
pseudoumbilica Zone, NN15*

Remarks. The last occurrence of Amaurolithus tri-
corniculatus defines the boundary between NN14 and
NNI1S5. Since this species is rare at Hole 521, the NN14/
15 boundary is difficult to define.

Reticulofenestra pseudoumbilica Zone, NN15

Definition. Interval from the last occurrence of
Amaurolithus tricorniculatus to the last occurrence of
Reticulofenestra pseudoumbilica.

Remarks. The type definition is used at Holes 519,
519A, 520, 522, and 523.

Pseudoemiliania lacunosa Zone, NN19

Definition. Interval from the last occurrence of Dis-
coaster brouweri to the last occurrence of Pseudoemil-
iania lacunosa.

Remarks. The above definition is used to recognize
this zone at Holes 519, 520, 521, 522, and 523.

Gephyrocapsa oceanica Zone, NN20

Definition. Interval from the last occurrence of
Pseudoemiliania lacunosa to the first occurrence of
Emiliania huxleyi.

Remarks. The type definition is used to identify this
zone at Hole 512, 520, 521, 522, and 523.

Emiliania huxleyi Zone, NN21

Definition. Interval above the first occurrence of
Emiliania huxleyi.

Remarks. The above definition is used to identify this
zone at Hole 519. Since this zone is normally thin in
open-ocean sediments, it can often be missed during
sampling.

SITE SUMMARIES

Six sites were drilled on DSDP Leg 73. More than one
hole was drilled at some sites. Five of the sites drilled
were on the Mid-Atlantic Ridge and one site drilled was
on the Walvis Ridge. Each hole is discussed separately
below.

Hole 519

Hole 519 was drilled on the Mid-Atlantic Ridge at
26°08.20’S, 11°39.97’W in 3769 m of water. Thirty-six
hydraulic piston cores were taken in 151.5 m of sedi-
ment, and one was taken in basement. All sediment
cores contain a moderately well to well preserved, very
abundant calcareous nannoflora. Sediments range in
age from Pleistocene to late Miocene. The hole is lo-
cated on a negative magnetic anomaly between Anoma-
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lies 5 and 5A. The assumed age is 9.8 m.y. The oldest
calcareous nannofossil zone recovered is the NN10 Dis-
coaster calcaris Zone*, if the first occurrences of the
Catinaster spp. in this hole are not synchronous with
their first occurrences in the Pacific. Such an interpreta-
tion would render the biostratigraphy in general agree-
ment with the previously established magnetostratig-
raphy. An alternative interpretation assuming synchro-
neity of the first occurrences of the Catinaster spp. is
discussed in the synthesis chapter (Hsii, Percival, et al.,
this vol.). Extensive slumping occurred at this site, so
that the first 20 cores are stratigraphically mixed. The
calcareous nannoflora of Pleistocene, Pliocene, and late
Miocene age is mixed. Table 1 shows the stratigraphic
distribution of calcareous nannofossils at Hole 519.

Pleistocene

The upper part of Section 519-1-1 contains an abun-
dance of Emiliania huxleyi, which restricts it to the
NN21 E. huxleyi Zone. The interval from the lower part
of Section 519-1-1 to Section 519-2-3 represents the
NN20 Gephyrocapsa oceanica Zone. This zone is recog-
nized by the absence of both E. huxleyi and Pseudoemil-
iania lacunosa. The interval from Sample 519-2,CC to
Section 519-11-1 contains P. lacunosa, which is the
marker species for the NN19 P. lacunosa Zone. This in-
terval also contains slumped sediments that can be as-
signed to Zones NN16, NN13, and NN11/12.

Pliocene

The interval from Section 519-11-2 to 519-12-2 is in-
terpreted to be the NN18 Discoaster brouweri Zone. D.
brouweri and D. triradiatus are abundant in this in-
terval. A thin NN17 D, pentaradiatus Zone is found at
Section 519-12-3, as indicated by the presence of the
nominate species. From Sample 519-12,CC to Section
519-18-2, the NN16 D. surculus Zone is encountered. D.
surculus, D. pentaradiatus, and D. brouweri are very
abundant throughout this interval. In the middle of this
interval the extinction datum of D. asymmetricus and
D. tamalis occurs. Again, there is mixing of upper Mio-
cene (NN11/12) sediments. The top of the early Plio-
cene NN15 Refticulofenestra pseudoumbilica Zone is
found at Section 519-18-3, on the basis of the last occur-
rence of R. pseudoumbilica. This zone covers the inter-
val from Section 519-18-3 to 519-21-2. D. tamalis has its
first appearance within Section 519-19-2. The NN14 D.
asymmetricus Zone is defined as the interval from the
first occurrence of D. asymmetricus to the last occur-
rence of Amaurolithus tricorniculatus. These events in-
dicate the zone that covers the interval from Section
519-21-3 to Sample 519-23,CC. From Section 519-24-1
to Sample 519-26,CC Ceratolithus rugosus is found
without D. asymmetricus, which indicates the NN13 C.
rugosus Zone. The absence of C. rugosus and A. ampli-
ficus from Section 519-27-1 to 519-28-1 suggests that the
upper part of the NN12 A. tricorniculatus Zone, which
is basal Pliocene, is present.

Miocene

The Miocene/Pliocene boundary is placed at the ex-
tinction datum of Amaurolithus amplificus. The inter-
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val from Section 519-28-2 to 519-29-2 is assigned to the
NNI11 Discoaster quinqueramus/NN12 A. tricornicula-
tus Zone* on the basis of the total range of A. amplifi-
cus. D. quinqueramus, the NN11 marker species, is very
rare within Section 519-29-2. The first occurrence of 4.
primus and A. delicatus, as seen in Sample 519-29,CC,
occurs in the middle of NN11. The interval from Section
519-30-1 to 519-33-1 belongs to the NN10 D. calcaris/
NN11 D. quinqueramus Zone* undifferentiated. This
assignment is suggested by the absence of Catinaster cal-
yculus and D. prepentaradiatus. The concurrence of the
latter two species marks the top of the NN10 Zone* at
Section 519-33-2. The interval from Section 519-33-2
to Sample 519-36,CC belongs to the NN10 D. calcaris
Zone* since D. hamatus, the NN9 D. hamatus Zone
marker species, was not found. The first occurrence of
C. calyculus may be latitudinally controlled here; it nor-
mally first appears within the NN8 C. coalitus Zone of
middle Miocene age.

Hole 519A

Hole 519A was drilled on the Mid-Atlantic Ridge at
26°08.20’S, 11°39.97'W in 3769 m of water. Four ro-
tary cores were taken intermittently in 150.5 m of sedi-
ments, and two were taken in basalt. Calcareous nanno-
fossils are very abundant and moderately well to well
preserved. Sediments range in age from Pliocene to late
Miocene. Extensive slumping occurred at the hole; the
four cores studied contain a mixed Pliocene and late
Miocene nannoflora. Table 2 shows the stratigraphic
distribution of the calcareous nannofossils at Hole S19A.

Pliocene

The NNI16 Discoaster surculus/NN15 Reticulofen-
estra pseudoumbilica Zone boundary occurs between
Sample 519A-1,CC and Section 519A-2-1. This bound-
ary is recognized by the last occurrence of R. pseudoum-
bilica. Immediately below Section 519A-2-1 the sedi-
ments are slumped, and a mixed late Miocene and Plio-
cene nannoflora is visible.

Hole 520

Hole 520 was drilled on the Mid-Atlantic Ridge at
25°31.40’S, 11°11.14’W in 4217 m of water. Thirty-
one rotary cores were taken in 449 m of sediment. The
Pleistocene and Pliocene sections were spot cored and
the Miocene was continuously cored. The sediments
range in age from Pleistocene to middle Miocene. The
hole is located on the younger boundary of Anomaly 5B
(Epoch 15). The oldest calcareous nannofossil zone re-
covered is the NN5 Sphenolithus heteromorphus Zone*,
which correlates with Anomaly 5B or Epoch 15. Table 3
shows the stratigraphic distribution of the calcareous
nannofossils at Hole 520.

Pleistocene

In the interval from Sample 520-1,CC to 520-2,CC
the NN19 Pseudoemiliania lacunosa Zone is present. P.
lacunosa is very abundant, and Discoaster brouweri is
absent.



Pliocene

The top of Core 3 is assigned to the NN16 Discoaster
surculus Zone on the basis of the occurrence of D.
brouweri, D. pentaradiatus, and D. surculus. The bot-
tom of Core 4 is interpreted to be the early Pliocene
NN1S5 Reticulofenestra pseudoumbilica Zone. R. pseu-
doumbilica is present. The NN14 D. asymmetricus Zone
occurs from Section 520-5-1 to Sample 520-6,CC, as in-
dicated by the concurrence of Amaurolithus tricornicu-
latus and D. asymmetricus.

Miocene

The next zone encountered is the NN12 Amauro-
lithus tricorniculatus Zone*, which is in the upper part
of Section 520-8-2. It is recognized by the absence of
Ceratolithus rugosus and Discoaster quingueramus. This
section is placed in the lower part of NN12, as indicated
by the presence of A. amplificus. The interval from the
lower part of Section 520-8-2 to Section 520-26-2 is
placed in the NN11 D. quinqueramus Zone. The total
range of D. quinqueramus defines this zone. The ab-
sence of D. quinqueramus and Catinaster calyculus cor-
relates to the interval from Sample 520-26,CC to 520-
29-1, 10-11 cm; that is, to the NN10 D. calcaris Zone*.
The interval from Sample 520-29-1, 20-21 c¢cm to 520-
29-1, 110~111 cm is interpreted as the NN8 C. coalitus/
NNI10 D. calcaris Zone* undifferentiated on the basis of
the occurrence of C. calyculus and C. coalitus. The in-
terval from Sample 520-29-1, 120-121 ¢cm to 520-29-1,
138-139 cm represents the NN7 D. kugleri/NN8 C. coa-
litus Zone* undifferentiated because of the absence of
D. kugleri and C. coalitus. D. kugleri is present in the
interval from Sample 520-29-1, 140-141 cm to 520-29-1,
149-150 cm. This interval is interpreted to belong to the
NN7 D. kugleri Zone*. The NN6 D. exilis Zone* is rec-
ognized by the occurrence of D. deflandrei between
Sample 520-29-2, 0 cm and 520-29-2, 49-50 cm. The NN5
Sphenolithus heteromorphus Zone occurs from Sample
520-29-2, 60-62 cm to 520-30-1, 50-51 cm on the basis
of the occurrence of S. heteromorphus. The base of this
zone was not reached.

Hole 521

Hole 521 was drilled on the Mid-Atlantic Ridge at
26°04.45’S, 10°15.87'W in 4141 m of water. Twenty-
one hydraulic piston cores were taken continuously in
84 m of sediment to basement. Almost all samples con-
tain a very abundant, moderately well to well preserved
calcareous nannoflora. However, the last five cores
contain a poorly preserved nannoflora. The sediments
range in age from Pleistocene to middle Miocene. The
hole was located on Anomaly 5C (Epoch 16), with an
assumed age of 17 m.y. The oldest nannofossil zone
recognized is the NN4 Helicosphaera ampliaperta Zone*,
which correlates with Epoch 16. Table 4 shows the
stratigraphic distribution of the calcareous nannofossils
at Hole 521.

Pleistocene

The sample from Section 521-1-1 represents the
NN20 Gephyrocapsa oceanica Zone, as indicated by the
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absence of both Emiliania huxleyi and Pseudoemiliania
lacunosa. The interval from Section 521-1-2 to 521-4-1
is assigned to the NN19 P. lacunosa Zone. The nomi-
nate species is very abundant in this interval.

Pliocene

Discoaster brouweri is very abundant from Section
521-4-2 to 521-5-2 and is indicated as the NNI18 D.
brouweri Zone. The top of the next zone, the NN17 D.
pentaradiatus Zone, is characterized by the last occur-
rence of D. pentaradiatus, as seen in Section 521-5-3.
The NN16 D. surculus Zone is present from Sample
521-5,CC to Section 521-9-2, where D. surculus Zone is
very abundant. D. tamalis and D. asymmetricus have
their extinction near the top of Section 521-6-3. The in-
terval from Section 521-9-3 to 521-10-2 is assigned to the
NN14 D. asymmetricus/NN15 Reticulofenestra pseu-
doumbilica Zone* undifferentiated because the NN14/
NNI15 boundary species Amaurolithus tricorniculatus is
so rare. R. pseudoumbilica and D. asymmetricus are
also present in this interval. The absence of the latter
species and the presence of Ceratolithus rugosus defines
the NN13 C. rugosus Zone for the interval from Section
521-10-3 to 521-11-2.

Miocene

Amaurolithus amplificus defines the lower (Miocene)
part of the NN12 A. tricorniculatus Zone, which spans
the interval from Section 521-11-2 to 521-11-3. Sample
521-11,CC correlates with the NN11 Discoaster quin-
queramus Zone* on the basis of the occurrence of D.
quinqueramus. The interval from Section 521-12-1 to
Sample 521-13,CC represents the NN11 Zone*, which is
characterized by the presence of D. surculus and ab-
sence of Catinaster calyculus. The NN8 C. coalitus/
NN10 D. calcaris Zone* undifferentiated is identified
from Section 521-14-1 to Sample 521-14,CC by the pres-
ence of C. calyculus and C. coalitus. The last occurrence
of D. deflandrei characterizes the top of the NN6 D. ex-
ilis Zone*. This zone occurs from Section 521-16-1 to
Sample 521-16,CC. The NNS Sphenolithus heteromor-
phus Zone* is found from Section 521-17-1 to 521-20-3.
S. heteromorphus is abundant throughout this interval.
Samples 521-20,CC and 521-21,CC represent the NN4
Helicosphaera ampliaperta Zone*, as indicated by the
last occurrence of H. euphratis. The base of this zone
was not reached.

Hole 521A

Hole 521A was drilled on the Mid-Atlantic Ridge at
26°04.54’S, 10°15.59'W (southeast of Hole 521) in
4125 m of water. Seventeen hydraulic piston cores were
taken continuously in 71.1 m of sediment. All sediments
except the bottom six cores contain a very abundant,
moderately well preserved calcareous nannoflora. The
bottom six cores contain a very abundant, poorly pre-
served nannoflora. Sediments range in age from Pleisto-
cene to middle Miocene. This hole was located on Anom-
aly 5C. As at Hole 521, the calcareous nannofossil zone
(NN4 Helicosphaera ampliaperta Zone) agrees with the
paleomagnetic stratigraphy. Table 5 shows the strati-
graphic distribution of the calcareous nannofossils at
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Hole 521A. Only core-catcher samples were examined
by the author, but a detailed shore-based study was car-
ried out by von Salis (this vol.).

Pleistocene

The interval from Sample 521A-1,CC to 521A-3,CC
represents the NN19 Pseudoemiliania lacunosa Zone, as
indicated by the abundant occurrence of P. lacunosa.

Pliocene

The NN17 Discoaster pentaradiatus Zone occurs in
Sample 521A-5,CC, where the nominate species is com-
mon. The interval from Sample 521A-6,CC to 521A-
7,CC is assigned to the NN16 D. surculus Zone. The top
of this zone is recognized by the last occurrence of
D. surculus. In Sample 521A-8,CC, the early Pliocene
NN14 D. asymmetricus/NN15 Reticulofenestra pseudo-
umbilica Zone* undifferentiated was found. The sample
contains diagnostic species, such as R. pseudoumbilica
and D. asymmetricus but lacks Amaurolithus tricorni-
culatus, the NN14/NN15 boundary species. The NN13
Ceratolithus rugosus Zone was found in Sample 521A-
9,CC. C. rugosus occurs frequently, and the NN14
marker species, D. asymmetricus, is absent.

Miocene

The Miocene/Pliocene boundary is placed at the ex-
tinction of Amaurolithus amplificus in the NN12 A. tri-
corniculatus Zone*, which occurs in Sample 521A-
10,CC. The NN10 Discoaster calcaris Zone*, which oc-
curs in Sample 521A-11,CC, is characterized by the ab-
sence of D. quinqueramus. Sample 521A-12,CC corre-
lates with the NN9 D. hamatus/NN10 D. calcaris Zone*
undifferentiated on the basis of the occurrence of D.
prepentaradiatus. Sphenolithus heteromorphus, the spe-
cies used for the top of the NN5 S. heteromorphus
Zone*, is present in the core-catcher samples from
Cores 13 to 16. Sample 521A-17,CC contains Helico-
sphaera euphratis, which is the secondary index species
for the NN4 H. ampliaperta Zone*,

Hole 522

Hole 522 was drilled on the Mid-Atlantic Ridge at
24°06.843’S, 05°07.784’ W in 4441 m of water. Thirty-
nine hydraulic piston cores were taken continuously in
148.7 m of sediment. Basement was not reached. Samples
from Cores 1 to 12 contain a moderately well to well
preserved, very abundant calcareous nannoflora. Cores
13 through 39 contain poorly preserved nannofossils.
Sediments range in age from Pleistocene to late Eocene.
The hole was located on Anomaly 16. The oldest cal-
careous nannofossil zone recognized was the NP20
Sphenolithus pseudoradians Zone, which is in agree-
ment with Anomaly 16. Two Braarudosphaera chalk
horizons found at this site are assigned to the NP23 S.
predistentus Zone. Some Pliocene mixing with Pleisto-
cene occurs in Cores 1 through 3. Table 6 shows the
stratigraphic distribution of the calcareous nannofossils
from Hole 522.
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Pleistocene

The sample from Section 522-1-1 represents the
NN20 Gephyrocapsa oceanica Zone. This sample lacks
Pseudoemiliania lacunosa and Emiliania huxleyi. The
occurrence of P. lacunosa in the interval from Section
522-1-2 to Sample 522-3,CC assigns this interval to the
NN19 P. lacunosa Zone. Sediments from the late Plio-
cene NN18 Discoaster brouweri Zone are intermixed
with NN19 in this interval.

Pliocene

Discoaster brouweri is present in the sample from
Section 522-4-1, which indicates the NN18 D. brouweri
Zone. The interval from Section 522-4-3 to Sample
522-6,CC is NN16 D. surculus Zone in age. Very abun-
dant D. surculus, D. brouweri, and D. pentaradiatus are
found in this interval. D. tamalis has its last occurrence
in the sample from Section 522-5-2. The early Pliocene
NNI15 Reticulofenestra pseudoumbilica Zone is found
from Section 522-7-2 to Sample 522-8,CC. R. pseu-
doumbilica, the marker species for NN15, is very abun-
dant throughout this interval. The only occurrence of
Amaurolithus tricorniculatus characterizes the top of
the NN14 D. asymmetricus Zone, which occurs in Sec-
tion 522-9-1. The NN13 Ceratolithus rugosus Zone is
present from Section 522-9-2 to 522-9-3. This interval is
characterized by the occurrence of C. rugosus and ab-
sence of D. asymmetricus.

Miocene

The Miocene/Pliocene boundary is placed within the
NN11 Discoaster quinqueramus/NN12 Amaurolithus
tricorniculatus Zone*, which is found in Sample 522-
9,CC. The first occurrence of A. primus and A. delica-
tus define the base of the zone in Section 522-10-1. The
NN11 D. quinqueramus Zone* is found in Section
522-10-3 after an indeterminate interval at 522-10-2.
The first appearance of the secondary marker species,
D. surculus, is encountered in Section 522-10-3. The in-
terval from Sample 522-10,CC to Section 522-12-1 is
barren of calcareous nannofossils, so that the lower
limit of NN11 cannot be determined with certainty. The
total range of Sphenolithus heteromorphus is used to
define the NN3 S. belemnos/NNS5 S. heteromorphus
Zone* from Section 522-12-2 to Sample 522-13,CC.
Similarly, the total range of D. druggi is used to define
the NN2 D. druggi/NN3 S. belemnos Zone* from Sec-
tion 522-14-1. The NN1 Triquetrorhabdulus carinatus
Zone* is recognized by the absence of D. druggi and
Oligocene species, such as Dictyococcites bisectus or D.
scrippsae. This zone is found from Section 522-14-2 to
522-15-1.

Oligocene

The Oligocene/Miocene boundary is defined herein
as the top of the NP25 Sphenolithus ciperoensis Zone*,
which is recognized by the last occurrence of Dictyococ-
cites bisectus. The extinction of S. distentus character-
izes the top of the NP24 S. distentus Zone. The NP25



Zone covers the interval from Section 522-15-2 to
522-20-2. The concurrence of S. ciperoensis and S. dis-
tentus throughout the interval from Sample 522-20,CC
to Section 522-22-3 restricts this section to the NP24 S.
distentus Zone*. The occurrences of S. distentus above
Sample 522-20,CC are considered reworked. The NP23
S. predistentus Zone* can be distinguished by the ab-
sence of 8. ciperoensis and the last occurrence of Retic-
ulofenestra umbilica at its base. This zone covers the in-
terval from Sample 522-22,CC to Section 522-31-2. Two
horizons of Braarudosphaera chalk were encountered in
Cores 23 and 25. From Section 522-31-3 to 522-32-3 the
NP22 Helicosphaera reticulata Zone is found. It con-
tains R. umbilica. The NP21 Ericsonia subdisticha Zone
is recognized from Sample 522-32,CC to Section 522-36-3.
Coccolithus formosus has its last occurrence at the top
of the NP21 Zone.

Eocene

The Eocene/Oligocene boundary is characterized by
the last appearance of Discoaster saipanensis, which
marks the top of the NP20 Sphenolithus pseudoradians
Zone. This horizon occurs in Sample 522-36,CC. The
NP20 Zone continues down to Sample 522-39,CC.

Hole 522A

Hole 522A was drilled on the Mid-Atlantic Ridge at
26°06.843’S, 05°07.784’ W to recover a complete Oli-
gocene/Eocene section for future paleomagnetic and
paleontologic studies. The hole was drilled in 4441 m of
water. Thirty-one hydraulic piston cores were taken
continuously from early Miocene to basement. All sam-
ples contain a poorly preserved, very abundant cal-
careous nannoflora. The oldest calcareous nannofossil
zone recognized is the NP20 Sphenolithus pseudoradi-
ans Zone, which correlates with Anomaly 16. This is in
agreement with the paleomagnetic record, which deter-
mined the site to be on Anomaly 16. Two layers of Braa-
rudosphaera chalk were encountered in the NP23 S. pre-
distentus Zone. Table 7 shows the stratigraphic distri-
bution of the calcareous nannofossils at Hole 552A.
Most of the samples examined from this site were core-
catcher samples.

Miocene

Sample 522A-1,CC is assigned to the NN6 Discoaster
exilis Zone* on the basis of the occurrence of D. de-
flandrei. The interval from Sample 522A-2,CC to
522A-3-1, 20-21 cm, is assigned to the NN1 Trigue-
trorhabdulus carinatus Zone*, which is defined by the
last occurrence of Coccolithus eopelagicus.

Oligocene

The extinction datum of Dictyococcites bisectus de-
fines the top of the Oligocene. The presence of this
species without Sphenolithus distentus from Sample
522A-3-1, 60-61 cm to 522A-4,CC indicates the NP25
S. ciperoensis Zone. The interval from Sample 522A-
5,CC to 522A-9,CC is designated the NP24 S. distentus
Zone on the basis of the occurrence of S. distentus. The
very rare occurrences of S. distentus in the core-catcher

SOUTH ATLANTIC CALCAREOUS NANNOFOSSILS

samples from Cores 5 to 6 are considered reworked,
which would lower the NP24/25 boundary to the core-
catcher sample from Core 7. This is more in keeping
with the interpretation of Hole 522. The first appear-
ance of S. ciperoensis defines the top of the NP23 S.
predistentus Zone. This species first appears in Sample
522A-9,CC. The NP23 zonal assignment continues from
the core-catcher samples from Cores 10 to 18. Two
Braarudosphaera chalk horizons were encountered in
NP23 in Cores 11 and 12. The NP22 Helicosphaera reti-
culata Zone is characterized by the occurrence of Reti-
culofenestra umbilica. This form is seen in core-catcher
samples from Cores 19 to 20. The last occurrence of
Coccolithus formosus defines the top of the NP21 Eric-
sonia subdistcha Zone, which ranges from Sample 522A-
22,CC to 522A-27,CC.

Eocene

The Eocene/Oligocene boundary is placed at Section
522A-28-1 on the basis of the extinction horizon of Dis-
coaster saipanensis, which designates the top of the
NP20 Sphenolithus pseudoradians Zone. This zone ex-
tends downward at least to Sample 522A-31,CC, the
lowermost sample examined.

Hole 522B

Hole 522B was drilled on the Mid-Atlantic Ridge at
26°06.843’S, 05°07.784’W to recover basalt. It was
drilled in 4441 m of water. Only three rotary cores were
taken in sediments and three in basalt. The sediments
contain a poorly preserved very abundant calcareous
nannoflora. The sediments range in age from Oligocene
to Eocene. The oldest nannofossil zone recovered is the
NP20 Sphenolithus pseudoradians Zone, which is in
agreement with the paleomagnetic pattern of Anomaly
16. Table 8 shows the distribution of calcareous nanno-
fossils at Hole 522B.

Oligocene

The sample from Core 1 is assigned to the NP22
Helicosphaera reticulata Zone, which is characterized
by the occurrence of Reticulofenestra umbilia without
Coccolithus formosus.

Eocene

The next two cores, Cores 2 and 3, contain Discoaster
saipanensis, which characterizes the late Eocene NP20
Sphenolithus pseudoradians Zone.

Hole 523

Hole 523 was drilled on the Mid-Atlantic Ridge at
28°33.131’S, 02°15.078'W in 4573 m of water. Fifty-
one hydraulic piston cores were taken in 190.5 m of
sediment. The calcareous nannoflora was moderately
well preserved and very abundant. Sediments range in
age from Pleistocene to Eocene. The site is located on
Anomaly 21. The oldest sediment recovered represents
the NP15 Narnnotetrina fulgens Zone*, which correlates
with Anomaly 20. The apparent discrepancy results
from the failure to recover sediment immediately above
basalt. Two Braarudosphaera chalk horizons were cored
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Zone*. Table 9 shows the stratigraphic distribution of
calcareous nannofossils at Hole 523.

Pleistocene

The samples from Sample 523-1,CC to Section
523-3-1 are assigned to the NN19 Pseudoemiliania lacu-
nosa Zone. P. lacunosa is very abundant throughout
this interval.

Pliocene

The NN18 Discoaster brouweri Zone occurs from
Section 523-3-2 to Sample 523-3,CC. This zone is char-
acterized by the occurrence of the nominate species.
From Section 523-4-2 to 523-6-2, the D. surculus Zone is
found, on the basis of the occurrence of D. surculus. D.
tamalis has its last occurrence near the top of the zone.
The occurrence of Reticulofenestra pseudoumblica de-
fines the NN15 R. pseudoumbilica Zone. It occurs from
Section 523-6-3 to 523-7-3. Sample 523-7,CC represents
the NN14 D. asymmetricus Zone on the basis of the
concurrence of D. asymmetricus and Amaurolithus tri-
corniculatus.

Miocene

The Miocene/Pliocene boundary is placed within the
interval assigned to the NN11 Discoaster quinquera-
mus/NN12 Amaurolithus tricorniculatus Zone* undif-
ferentiated which is indicated by the absence of Cerato-
lithus rugosus and presence of A. delicatus. This zone is
found from Section 523-8-1 to Sample 523-10,CC. The
NNI11 D. quinqueramus Zone is characterized by the oc-
currence of D. surculus without Amaurolithus spp. as
seen in Section 523-11-1. The concurrence of D. de-
flandrei and D. brouweri in Section 523-11-2 indicates
the NN4 Helicosphaera ampliaperta/NNG6 D. exilis Zone.
The NN1 Trigquetrorhabdulus carinatus Zone is found
from Section 523-11-3 to Sample 523-11,CC on the basis
of the occurrence of Coccolithus eopelagicus without
typical Oligocene species.

Oligocene

The Oligocene/Miocene boundary is placed within
Section 523-12-1 on the occurrence of Dictyococcites
bisectus, which defines the top of NP25 Sphenolithus
ciperoensis Zone*. This zone continues down to Sample
523-14,CC. 8. distentus, which is the marker species for
the NP24 S. distentus Zone*, is found in Sample 523-15,
CC. The last occurrence of S. pseudoradians defines the
top of the NP23 S. predistentus Zone*, as seen in Sam-
ple 523-17,CC. The interval from Sample 523-17,CC to
Section 523-24-1 is assigned to the NP23 Zone. Two
Braarudosphaera chalk horizons were encountered in
the NP23 Zone in Cores 18 and 19. The presence of
Reticulofenestra umbilica from Sections 523-24-3 to
523-25-1 indicates the NP21 Helicosphaera reticulata
Zone. The basal Oligocene NP21 Ericsonia subdisticha
Zone is encountered from Section 523-25-2 to Sample
523-27,CC on the basis of the occurrence of Coccolithus
formosus.
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Eocene

The Eocene/Oligocene boundary is placed at the ex-
tinction datum of Discoaster saipanensis at Section
523-28-1. This species characterizes the NP20 Spheno-
lithus pseudoradians Zone, which continues down to
Sample 523-28,CC, where S. pseudoradians first occurs.
The first appearance of Isthmolithus recurvus in Sample
523-29,CC indicates the NP19 I. recurvus Zone. The
NP18 Chiasmolithus oamaruensis Zone* occurs from
Section 523-30-1 to Sample 523-31,CC on the basis of
the last occurrence of C. grandis in Section 523-32-1.
The NP17 D. saipanensis Zone* is characterized by the
absence of C. solitus. This zone ranges from Section
523-32-1 to Sample 523-37,CC. The NP16 D. tani nodi-
Jfer Zone is found from Sections 523-38-1 to 523-42-2 on
the basis of the occurrence of C. solitus and the absence
of Nannotetrina fulgens. The location of the NP15 N.
fulgens/NP16 D. tani nodifer Zone* boundary is im-
possible to determine because of the absence of Rhab-
dolithus gladius, the extinction of which defines the
boundary. Therefore, the last occurrence of N. fulgens
is used to define the NP15/NP16 Zone* undifferenti-
ated, which covers the interval from Section 523-42-3 to
Sample 523-45,CC. A definite NP15 N. fulgens Zone* is
found from Section 523-46-1 to Sample 523-50,CC on
the basis of the occurrence of C. gigas.

Hole 524

Hole 524 was drilled on the Walvis Ridge at 29°
29.055’S, 03°30.741’E in 4796 m water. Thirty-nine ro-
tary cores were taken in 348.5 m of sediment, and six
were taken in basalt.

Coring was continuous below the top of the Paleo-
cene. Most samples contain a poor to moderately well
preserved, very abundant calcareous nannoflora. The
sediments range in age from Late Cretaceous to early
Eocene. The hole was drilled on a magnetic quiet zone
of probable Turonian age. Since we did not drill to base-
ment, the paleontology cannot be correlated with the
paleomagnetic pattern. Table 10 shows the stratigraphic
distribution of calcareous nannofossils from Hole 524.

Eocene

The sample from Core 1 encountered the NP12 Tri-
brachiatus orthostylus Zone, which is characterized by
the occurrence of T. orthostylus and Discoaster lodoen-
sis. The samples from Core 2 are assigned to the NP11
D. binodosus Zone because of the absence of D. lodoen-
sis and D. multiradiatus. Core 3 contains D. multira-
diatus and was assigned to the NN10 7. contortus Zone.

Paleocene

The Paleocene/Eocene boundary is placed between
Sample 524-3,CC and Section 524-4-1. The extinction
datum of Discoaster mohleri is used to define this
boundary. The presence of Discoaster mohleri with D.
multiradiatus indicates the NP9 D. multiradiatus Zone.
This zone occurs in the interval from Section 524-4-1 to
524-5-4. The absence of D. multiradiatus defines the



NP8 D. mohleri Zone*, which ranges from Section
524-5-5 to 524-6-3. The NP7 Heliolithus riedeli Zone* is
characterized by the last occurrence of H. kleinpellii at
its top and the first appearance of D. mohleri at its base.
This zone is only identified in Sample 524-6,CC. The
NP6 H. kleinpellii Zone occurs in Core 7 and is identi-
fied by the first appearance of H. kleinpellii at its base.
The presence of Fasciculithus tympaniformis and the
absence of H. kleinpellii characterize the NP5 F. tym-
paniformis Zone, as is seen from Section 524-8-1 to
524-10-4. The NP4 E. macellus Zone is defined by the
absence of F. tympaniformis and the first appearance of
E. macellus at its base. It is found from Section 524-10-5
to 524-11-6. The base of the next zone, the NP3 Chias-
molithus danicus Zone, is determined by the first ap-
pearance of the nominate species. This form first occurs
in Section 524-17-4, and the zone ranges from Sample
524-11,CC to Section 524-17-4. The first appearance of
Cruciplacolithus edwardsii is used herein to define the
base of the NP2 C. edwardsii Zone*. This horizon is
found in Sample 524-19,CC. The lowest Tertiary zone is
the NP1 Markalius astroporus Zone. Its base is iden-
tified by the first appearance of Zygodiscus sigmoides.
This zone occurs from Sample 524-20-1, 9-10 cm to
524-20-3, 106 cm. The Cretaceous/Tertiary boundary
will be discussed in more detail below.

Cretaceous

Defining the Cretaceous/Tertiary boundary is very
difficult because of a long section of mixed Maestrich-
tian and Danian calcareous nannofossils. Oxygen-iso-
tope work by Hsii et al. (1982) on these samples indi-
cates that the Cretaceous forms are in place and not re-
worked, as is the normal interpretation. This author
decided to use the first occurrence of Zygodiscus sig-
moides to define the Cretaceous/Tertiary boundary.
This boundary agrees well with the iridium concentra-
tion horizon that occurs in Sample 524-20-3, 106 cm
(Hsu et al., 1982). The Micula mura Zone as herein de-
fined has none of the typical Danian forms, such as Z.
sigmoides, Thoracosphaera operculata, Markalius as-
troporus, Biantholithus sparsus, and Neochiastozygus
concinnus. The base of the Micula mura Zone is charac-
terized by the first occurrence of M. mura. This zone
covers the interval from Sample 524-20-1, 108-109 cm
to Section 524-26-5. It is interesting that Nephrolithus
Jfrequens, the zonal marker for the next zone (V. fre-
quens Zone), occurs throughout this zone. The first oc-
currence of N. frequens is at Section 524-28-5. The in-
terval from Sample 524-28,CC to 524-35,CC cannot be
zoned because of poor preservation and a decrease in
diversity. Therefore, the interval is assigned to the Non-
diagnostic Zone on the basis of the occurrence of M.
staurophora, which ranges from late Turonian to Maes-
trichtian.

Hole 524A

Hole 524A was drilled on the Walvis Ridge at
29°29.055’S, 03°30.741’E in 4805 m of water. Two ro-
tary cores were taken in sediments that contain moder-
ately well preserved, very abundant calcareous nanno-
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fossils. The sediments range in age from Eocene to Pa-
leocene. Table 11 shows the stratigraphic distribution of
the calcareous nannofossils from Hole 524A.

Eocene

The NP10 Tribrachiatus contortus Zone* is found
from Section 524A-1-1 to Section 524A-2-2 on the basis
of the occurrence of Discoaster multiradiatus without
Paleocene marker species.

Paleocene

The Paleocene/Eocene boundary occurs at Sample
524A-2,CC. This is the top of the NP9 Discoaster multi-
radiatus Zone*, which is defined by the occurrence of
Fasciculithus involutus with D. multiradiatus.

Hole 524B

Hole 524B was drilled on the Walvis Ridge at
29°29.07’S, 03°30.7’E in 4805 m of water. Seven hy-
draulic piston cores were taken in sediments that con-
tain a moderately well preserved, very abundant cal-
careous nannoflora. The sediments are early Eocene in
age. Table 12 shows the stratigraphic distribution of the
calcareous nannofossils at Hole 524B.

Eocene

Section 524B-1-1 is assigned to the early Eocene
NP13 Discoaster lodoensis Zone on the basis of the
occurrence of D. lodoensis and the absence of Tri-
brachiatus orthostylus. The occurrence of these two
species from Section 524B-1-2 to 524B-3-2 indicates the
NP12 T. orthostylus Zone. Apparently NP11 is missing,
because the next zone is the NP10 7. contortus Zone*.
NP10* is distinguished by the occurrence of D. multira-
diatus and the absence of Paleocene marker species and
is identified from Section 524B-3-3 to Sample 524B-7,
ce.
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Table 1A. Distribution of calcareous nannofossils in Hole 519, Cores 1 to 14.
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Table 1B. Distribution of calcareous nannofossils in Hole 519, Cores 14 to 29.
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Table 1C. Distribution of calcareous nannofossils in Hole 519, Cores
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Table 2. Distribution of calcareous nannofossils in Hole 519A.
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Table 3A. Distribution of calcareous nannofossils in Hole 520, Cores 1 to 23.
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Table 3B. Distribution of calcareous nannofossils in Hole 520, Cores 23 to 30.

o
o
o) w
a | 2
a|l [a|5 5|3 3 318
> 310 2|0 (] el
€ - ~1g]1& o . 1818
5] Bl3]w ol el ) w| I = 5| 2| E
clualglolslclolola S|T|€Clw c|S|o
ol otg|L|o|E|e|o|S|E|w|®|2] 2]z |25
235 % = 3]s =323 3] 26 c[=|2
(5|8 |c|o Slolw| 252222 2|8|wl®
c|8 cf(=12 S[ale| 3 2XFl == 8(<
HERHEERHEEHREHERBEERAE
o|>lalg f:' S| Z|E|a|2(8]|R|S|o|x[o[®|x]| 8
Elels|sls|el2|a|s|S|ela|Z|t|a|s|s|8|8|8|8|Z
lE|lu|alo|e|x]™ >lelslule|elalula alglals|e
slg|s|els|5|5lslelgle(g|5]|e[3|ele(8]|8]8|8fc¢c
e|lol|olelg|8|ol|Le|e|o|8al2|8|E|lE|lS]8]3|=|¢
Core-Section AR R R EE AR
Zone (interval in cm) alg|ala|la|jx|o|a|[T|0|0|a(<|s[a|o|u|Q|(a|a|l|wn
23-2,73-74 F |[VA| R|VA| R|VA| R
23,cC F|vA|] |VAIR[R c VR
24-1, 49-51 F |VA|VR|VA|VR|VA A|VR|R|A|R |VR|VR|
NN11 24-2,31-32 F |VA VA| R |VA| A |VA| R VA VR
24, bottom F |VA|VR|VA| R |VA| A [VA|VR|VR| VA
25, bottom F |VA| |VA|VA|VA| A |VA|R VA
26-1, 126-127 F [VA VA[R|[A VA|VR F
26-2,78-79 F |VA[VR|VA| A [VA| A |VA VA
26, bottom F|val |vA[R|cC|valvalvr( [va
27-1, 16-17 F (vA| [vA| A |VA[VA|VA VA
27,cC VA VA|VR|VA VA F
NN10 i
28-1, 18—19 F |VA VA| R [VA VA VA
28,cC F [VA VA[VR|VA VA VA
29-1, 10-11 F|val [vala (vala|va VA
29-1, 20-21 F |VA VA| A |VA| A |VA VA [
29.1, 32-33 P|VA| |VA|R|[VA| |vAa VA R
29-1, 40-41 F |vA| |VA[VR|VA|A [vA R|F F|R
29-1, 50-51 F | VA VA|(VR|VA[VA|VA VA
NN8/10 29-1, 60-61 P |vAal |val [vA{ |va VA
29.1,70-71 p|va| |VA[R|VA|F [vA VA VA
29-1, 8081 F|va| |VA|F |vA] |VvA| |VR|F VA|VR
29-1, 90-91 F|vAal [va| [vA[ |va R R
29-1,100-101 | P (VA| [VA| |VA[ |[VA[ |WR
29-1,110-111 [ F {val (va]l [va F A VR
29-1,120-121 |P|R VR F VR
NN7/8
29-1, 138-139 P|F VR F |VR|VR
Ry 29-1,140-141 | F |VA| |[vA[ |vA R [VA
29-1,149-150 | F |VA| |VA[ |[VA|R R |VA
29-2,0-1 FIvA] Ival IVA|F|R VA| R
29.2, 10-11 F|VA VA VA[ C
29.2,18-19 P |va A VA| A |VA
NNé6
29.2,30-31 P{vA| |va R VA| R |VA
29.2,39-40 P|VA| |va A|R|[VA
29.2, 49-50 P|VA[ |VA VA| |VA
29.2, 61-62 P|VA| |va VA[R|VA| F
29-2, 6970 P(VA[ |va VA| R [VA| A
29-2,70-71 P (VA A A| F[VAl A
29.2, 80-81 P|VvA[ |vA VA| R |VA[ C
NN5 29-2, 9293 P |VA A c A|A|VA|R
29-2, 99—-100 P (VA VA Cc VA|VA|VA| F
29-2, 110-111 P (VA VA F VA|VA[VA| A
29-2, 112-113 P |VA VA Cc VA|VR|VA| A
30-1,50-51 P|VA| |vA c VA| F |VA[VR




SOUTH ATLANTIC CALCAREOUS NANNOFOSSILS

Table 4A. Distribution of calcareous nannofossils in Hole 521, Cores 1 to 14.
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Table 4B. Distribution of calcareous nannofossils in Hole 521, Cores

16 to 21.
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Table 5. Distribution of calcareous nannofossils in Hole 521A.
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SOUTH ATLANTIC CALCAREOUS NANNOFOSSILS

Table 6A. Distribution of calcareous nannofossils in Hole 522, Cores 1 to 15.
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S.F. PERCIVAL, Jr.

Table 6B. Distribution of calcareous nannofossils in Hole 522, Cores 15 to 29.
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SOUTH ATLANTIC CALCAREOUS NANNOFOSSILS

Table 6C. Distribution of calcareous nannofossils in Hole 522, Cores 29 to 39.
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S.F. PERCIVAL, Jr.

Table 7. Distribution of calcareous nannofossils in Hole 522A.
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S. F. PERCIVAL, Jr.

Table 9B. Distribution of calcareous nannofossils in Hole 523, Cores 8 to 24.
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Table 9C. Distribution of calcareous nannofossils in Hole 523, Cores 24 to 41.
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Table 9D. Distribution of calcareous nannofossils in Hole 523, Cores 41 to 50.
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Table 10A. Distribution of calcareous nannofossils in Hole 524, Cores 1 to 11.
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3-2, 139-140
3-4,25-26
3.cC

4-1,100-101
4-2,100-101

4-3,100-101
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4,cC

5-1,65—-66
5-2, 39-40
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5-4, 65-66
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5,CC
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6,CC

7-1,79-80
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7.cCc
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8-2, 6465
8-3, 6465
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8.cC
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9,CC
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10-3,83-84
10-4,83-84
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11-2,89-90
11-3,89-90
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11,CC

Zone
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Table 10B. Distribution of calcareous nannofossils in Hole 524, Cores 12 to

20.
H
g 2 = =2
ol w § @ T;: é - 1; % 3
HEEHEAENEEHENEER
A ENHEHEHHEHEBE
by = D T B R A B B R R Y ) Y
HHHEHNHHHEREHEHEEEE
HHEHEAEEEEHEEEREREEE
22| o|alB|o|lS|2|2|o|o|E|2]| ||
Core-Section % E g_'g §’§ 8 s 3 ‘é _.‘:6 § 5 § § § §
Zone (interval in cm) a|<|O|U|IN|EG|[Z|0 |2 |[R|=|a|=|U|C|al|o
12-1, 67-68 P |VA[VA|VA|VA|VA| C |VA
12-2, 82-83 P |VA[VA|VA| A [VA| A [VA|VR|VR
12-3, 48-49 P [VA[VA|VA| C VR| F
12-4,72-73 P |va|va|va|c F |[VR|VR
125,72-73 P |VA|VA|vA|vA F|F
12.6,93-94 P|VA|VA|R [R|R|R|R VR
12,cC P|VA[VA|R[R|F|R|R
13-1,44-45 P [VA|VA|R |R |R [VR|R VR
13-3,44-45 P |VA|VA|VR R |[VR|R
135, 44-45 P [VA|VA|F |[VR| [VR|R [VR
14-2, 81-82 F [VA|VA|F | C VR| C VR
NP3 14,CC F |[VA|VA| C |VA VR| A |VR
15-1, 85-86 F [VA|VA|VA|VA R [VA|VR|VA|
15-3, 100-101 F |VA[VA|VA[VA F|cC c|R
15-5,34-35 G [VA|VA| F |VA VA[ |VA|F
15, bottom F |VA|VA| F |VA VR|A A|R|VR
16-2, 54-55 F |[VA|VA| F |[VA| |VR|VA| |VA|WR
16-4, 125—-126 F |VA[VA| F [va R [VR|VA|VR
16,CC F [VA|VA[ F |VA RIR|C|F
17-1,133-135 F [VA|VA| F |VA A [VR|VA
17-2,92-94 F |VA[VA|R [vA R|VR|F VR [VR| R
17-3, 48-49 F |VA|VA|R [VA F [VR| C |VR F
17-4, 2224 F |VA[VA|R |vA VR|VR] F FIR
17-5,33-35 F [VA|VA VA F VR F
17,cC F |VA|vA| [vA VR|VR VR| F [VR
18-1, 153—155 G [VA|VA[ |vA VR[R VR| C [VR
18-2, 5657 F[VA[vA| [va R R|A[WR
18-3,53-54 F|VA|VA| [va R|F|VR R|F|WR
NP2 18-4, 7677 P |VA|VA| |vA A|A
18-5, 55-56 F [VA[vA[ [vA R|A|VR Flva| |WR
18-6, 47-48 F [VAJVA[ |vA VR|VA| R R|C R
18,cC F|VA|VA| |vA VA R|A
19-1,137—138 F[VA|VA[ |vA ¢ |VR| R [V VR
19-2,94-95 F [VA|VA| |VA R|F FIF
193, 83-84 F |VA|VA| [vA R|F|R| |vR[va
19,CC FIA|A A VR| F F VR
20-1,9-10 F VA VA A |VA[R R R |VR
20-1, 15-16 F [VA VA A [VA VR C
20-1, 26-27 F|VA VA C |VA R |VR
20-1,30-31 FlA VA c [vA|[wR| [WR
20-1,35-36 FlA VA F|C|VR VR VR
20-1, 40—-41 F|A VA A|VA| F VR R
20-1, 45-46 Fla VA A VAl F VR R
20-1,50-51 F|C A R|A[VR| [WR VR|VR
NP1 20-1, 55-56 F|A VA C [VA|[VR R R
20-1,57-59 F|A VA VA|VA VR VR
20-1, 60-61 FlA VA VA [VA F R
20-1, 65—-66 F|lA VA VA|VA|VR VR VR
20-1,71-72 F |VR R R|R
20-1,75-76 FlA VA F |VA VR VR
20-1, 8081 Flc F cla VR
20-1, 84—85 Fla A A R VR
20-1, 90-90 F|c A F




SOUTH ATLANTIC CALCAREOUS NANNOFOSSILS

Table 10C. Distribution of calcareous nannofossils in Hole 524, Core 20.
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Core-Section
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20-1, 119-120
20-1, 124-125
20-1, 129-130
20-1, 135-136
20-1. 140-141

20-1, 145—-146
20-2, 14-15

-2, 23-24
20-2, 42-43
20-2, 52-53
20-2, 53-54
20-2, 60—61
20-2, 67-69

20-2, 74-75
20-2, 91-92
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20-2, 110-111
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20-3, 15-16
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20-3, 42-43
20-3, 47-48
20-3, 52-53
20-3,61-62
20-3, 66—67
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20-3, 85-86
20-3,91-92
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20-3, 112-113
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Zone

NP1

Micula
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Table 10D. Distribution of calcareous nannofossils in Hole 524, Cores 20 to 27.
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20.4, 4244
20-4, 50-51

20,cC

21-1,67-68
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21-3, 110-111
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21,cC
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SOUTH ATLANTIC CALCAREOUS NANNOFOSSILS

Table 10E. Distribution of calcareous nannofossils in Hole 524, Cores 28 to 35.
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Table 11. Distribution of calcareous nannofossils in Hole 524A.
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S. F. PERCIVAL, Jr.

Table 12. Distribution of calcareous nannofossils in Hole 524B.
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