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ABSTRACT

During DSDP Leg 74 in the South Atlantic, 11 holes were drilled at 5 sites (525-529) on the eastern end of Walvis
Ridge. The sediments recovered range in age from late Campanian or early Maestrichtian to Holocene. This chapter
deals only with the Neogene to Holocene interval. The calcareous nannofossils over this interval have been corroded as
well as overgrown, but a precise biostratigraphy is possible at all sites because most of the key index species are present.

INTRODUCTION

During DSDP Leg 74, 11 holes were drilled at 5 sites
(525-529) on Walvis Ridge in the South Atlantic near
South Africa (Fig. 1). Sediments ranging in age from
late Campanian or early Maestrichtian to Holocene
were recovered. This chapter deals with the calcareous
nannofossils found in the Neogene to Holocene sedi-
ment from these five sites. The calcareous nannofossils
from the Paleogene and the Upper Cretaceous are docu-
mented by Hélene Manivit in this same volume.

Calcareous nannofossils from the Neogene through
Holocene recovered during DSDP Leg 74 are abundant
at all sites, except for the middle Miocene red clay inter-
val cored at Site 527—the deepest site. Their state of
preservation, however, is ranked as ‘‘moderate’’ in gen-
eral. Dissolution and recrystallization have progressed
to such an extent that only solution-resistant or robust
forms can be recognized for most of the middle and
lower Miocene sections. Fortunately, most of the zonal
markers are present and can be identified with certainty.
The main purpose of this chapter is, therefore, to docu-
ment the biostratigraphic distribution of the calcareous
nannofossils rather than to do a complete taxonomic
study.

Smear slides of the original unprocessed samples
were examined with a light microscope for this study. In
order to obtain a precise position of the zonal bounda-
ries, one sample was taken for each section (150 cm) of a
core and investigated for its calcareous nannofossil con-
tent. For some critical intervals, more closely spaced
samples were analyzed. Therefore the stratigraphic first
and last appearance of the selected species was deter-
mined with an accuracy of 150 cm or less for this report.
Checklists of a selected set of species were prepared for
each site.

! Moore, T. C., Jr., Rabinowitz, P. D., et al,, Init, Repts. DSDP, 74; Washington (U.S.
Govt. Printing Office).

CALCAREOUS NANNOFOSSIL ZONATION

Martini’s standard Tertiary and Quaternary zonation
(1971), which is widely used elsewhere, was the starting
basis for the zonation described here. Because of the
scarcity or apparent lack of some of Martini’s index fos-
sils, possibly owing to environmental exclusion of the
parent organism or to poor preservation, other species
were selected to determine zones. Deviations from Mar-
tini’s zonation, necessary for the studied area, are dis-
cussed in the following. The age and zone assignments
of the Neogene through Holocene cores based on this
modified zonation are then given in Table 1.

Triguetrorhabdulus carinatus Zone (NN1)

Definition. Interval from the last occurrence of Helicosphaera rec-
ta to the first occurrence of Discoaster druggii above it.

Remarks, Because of environmental exclusion, Helicosphaera rec-
ta together with H. perch-nielsenige is present only at Site 526, the
shallowest site. The last occurrence of Sphenolithus ciperoensis is ten-
tatively used to define the base of Zone NNI, i.e., the Oligocene/
Miocene boundary, in this study. Other important and solution-resis-
tant species, which become extinct slightly above the last occurrence
of Sphenolithus ciperoensis, are Dictyococcites bisectus (Dictyococci-
tes abisectus included), aff. D. dictyodus, S. capricornutus, S. del-
phix, and Zygrhablithus bijugatus. S. capricornutus and S. delphix
have very short ranges. Both forms first occur above the last occur-
rence of S. ciperoensis and become extinct at about the same level as
Dictyococcites bisectus, aff. D. dictyodus, and Z. bijugatus.

Because of the strong overgrowth of discoasters within this inter-
val, typical specimens of Discoaster druggii cannot be identified with
certainty. The first occurrence of an unusual form of discoaster is at
the top of Zone NNI. This species is consistently much larger and
more robust than the common D. deflandrei specimens in this inter-
val. It has straight and slightly tapered rays and is documented as Dis-
coaster sp. aff. D. druggii in this study.

Discoaster druggii Zone (NN2)

Definition. Interval from the first occurrence of Discoaster drug-
gii to the last occurrence of Triguetrorhabdulus carinatus.

Remarks. The first occurrence of Discoaster sp. aff. D. druggii is
used to mark the base of Zone NN2, whereas the first occurrence of
Sphenolithus belemnos marks the top of this zone in this study. This
zone is therefore equivalent to Zone CNIC of Okada and Bukry
(1980).
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Figure 1. Site locations on the Walvis Ridge in the South Atlantic Ocean for DSDP Leg 74.

The last occurrence of T, carinatus is uncertain, because in some
cases it is difficult to distinguish T. carinartus from an elongate calcite
lath in an assemblage with moderate or poor preservation and recrys-
tallization. Reticulofenestra pseudoumbilica sample and Calcidiscus
leptoporus have their first occurrence in this zone.

Sphenolithus belemnos Zone (NN3)

Definition. Interval from the last occurrence of Triguetrorhab-
dulus carinatus to the last occurrence of Sphenolithus belemnos.

Remarks. The total range of S. belemnos marks Zone NN3 in this
study. Sphenolithus sp. aff. S. belemnos documented in the tables
could be small specimens of S. dissimilis.

Helicosphaera ampliaperta Zone (NN4)

Definition. Interval from the last occurrence of Sphenolithus be-
lemnos to the last occurrence of Helicosphaera ampliaperta.

Remarks. S. heteromorphus first occurs immediately above the ex-
tinction of S. belemnos. Neither gap nor overlap of the ranges of the
two species is observed at the studied sites. The first occurrence of S.
heteromorphus may be a good marker for the boundary of Zones
NN3 and NN4 (Bukry, 1972, 1973).

The index fossil, H. ampliaperta, is absent, probably because of
ecological exclusion. The first common occurrence of Discoaster vari-
abilis s. ampl. is tentatively used to mark the top of Zone NN4, i.e.,
the top of the lower Miocene. (The lower Miocene/middle Miocene
boundary is for the sake of convenience somewhat arbitrarily placed
at the top of the H. ampliaperta Zone, recognizing, however, that the
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boundary has been identified variously as older, equal to, and younger
than this datum.)

Sphenolithus heteromorphus Zone (NN5)

Definition. Interval from the last occurrence of Helicosphaera am-
pliaperta to the last occurrence of Sphenolithus heteromorphus.

Remarks. At the boundary of Zones NN4/NNS§, i.e., the lower/
middle Miocene boundary, assemblages of discoaster change signifi-
cantly. Discoaster deflandrei, which is a dominant species in the lower
Miocene, is replaced abruptly by (overgrown) D. variabilis, although
the former persists upward. The first common occurrence of D. vari-
abilis s. ampl. is therefore used to make the base of Zone NNS5 because
this datum is easy to recognize (see Bukry, 1973).

The top of this zone is also easy to recognize in the studied sites.

Discoaster exilis Zone (NN6)

Definition. Interval from the last occurrence of Sphenolithus
heteromorphus to the first occurrence of Discoaster kugleri.

Remarks. Because of strong overgrowth of discoasters, typical D.
kugleri cannot be identified with certainty. The top of Zone NN6 is
therefore placed at the last occurrence of Cyclicargolithus floridanus,
a species which is common within and below this zone (see, e.g.,
Bukry, 1975).

Coronocyclus nitescens seems to become extinct within this zone,
whereas Triguetrorhabdulus rugosus has its first occurrence in this
zone.
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Table 1. Zonal and geologic age assignments of Leg 74 cores, based on calcareous nannofossils in samples from holes at Sites 525-529,

Calcareous Nannofossil

Age Zonation (Martini, 1971) 525 525A 525B 526 526A 526B 526C 527 528 528A 529
NN21 | Emiliania huxieyi 1-1, 30-32 1-1, top
late 11, 80-82 I-1, 40-41
. NN20 | Gephyrocapsa oceanica 1-2, 30-32 1-1, 101-102 1-1, 20-21 | 1-1, 28-29 1-1, 150
Pleistocene 21, 106-107
early NNI9 | Pseudoemiliania lacunosa 1,CC | 1,CC 1-2, 80-82 2,CC 1-1, 30-32 1-1, 29-31 | 1-2, 20-21 | 1-1, 120-122 | 1-2, 40-41
3-1, 76-78 3-1, 35-36 2-1, 50-51 | 1,CC 5-3, 19-20 2-6, 40-41
NNI18 | Discoaster brouweri 3-2, 53-54 3-2,35-36 2,CC 54, 19-20 ZEC
4-1, 75-77 3,cC 6-3, 19-20
late NN17 | Discoaster pentaradiatus 4-2, 65-66 3-1, 35-37
NNI16 | Discoaster surculus 4-3, 65-66 3-1, 50-51 6-3, 111 3-1, 30-31
5-1, §1-83 3-4, 35-37 7-2, 100
Pliocene NN1§ | Reticulofenestra 5-2, 81-83 1-1, 75-76 4-2, 20-21 | 1-1, 100 3-4, 50-51 7-3, 40-41 3-2, 30-31
pseudoumbilica 8-2, 86-87 5,CC ,cC 5,CC 11-3, top 4-6, 40-41
NNI14 | Discoaster asymmetricus 8-3,3-4 1-2, 75-76 6-1, 40-42 11,CC 4,CC
13-2, 63-64
early NNI13 | Ceratolithus rugosus 3-1, 29-30 1-3, 75-76 6-2, 40-42 13-3, 63-64
12-1. 10-11 2-2, 80-81
NNI12 | Amaurolithus tricorniculatus 12-1, 54-55 2-3, 80-81 2-1, 42-43 13-4, base
4-1, 148-149 | 14-2, 40-41 5-1, 85-86 2-7, 40-42 | 7-2, 60-62 14-2, 51-52
NN11 | Discoaster quingueramus 5-1, 60-61 14-2, 100-101 5-2, 85-86 xee 7.€C 14,CC
i 6,CC 24,CC 9.CC 3,CC 13-1, 10 24,CC
NNI0 | Discoaster calcaris 25-1, 36-37 10-1, 103-104 13-1, 15 25-1, 59-60
28,CC 12-3, 25-26 13-1, 50 25,CC
NN9 | Discoaster hamatus 29-1, 76-77 12,CC 13-1, 63 26-1, 50
32-2, 113-114 14,CC 13-5, 44 27-2, 38-39
NNS8 Catinaster coalitus 323, 41-42 15-1, 26-27 13-5, 66 27-2, 150 5-1, top
33,CC 15,CC 13-6, 129 27,CC 5,CC
iddl NN7 Discoaster kugleri 34-1, 65-66 16-1, 42-43 28-1, 58
micdle 36,CC 18-3, 50-51 28,CC
Miccens NN6 | Discoaster exilis 7-1, 84-85 37-1, 40-41 18,CC 6-1, 38
8-2, 40-41 41,CC 20-2, 78-79 6-6, 100
NNS | Sphenolithus heteromorphus 8-3, 40-41 42-1, 35-36 20-3, 78-79 2-1, 0-1 6-6, 150
9,CC 46-1, 60-61 20,CC 3-1, 23-24 6,CC
NN4 Helicosphaera ampliaperta 10-6, 40-41 46-2, 60-61 21-1, 70-71 3-1, 117 7-1, 65-66
11-1, 40-41 48-1, 60-61 8-3, 66
NN3 | Sphenolithus belemnos 11-2, 40-41 48-1, 100-102 21-2, 70-71 3,CC 8-4, 30-31
r! 11-4, 40-41 49-3, 20-21 21,cC 4-3, 110 8-6, 30-31
eal
-4 NN2 | Discoaster druggii 11-5, 40-41 49-4, 20-21 22-1, 85-86 4-3, 131 8-7, 30-31
13-4, 40-41 49,CC 44, 67 9-5, 30-31
NNI Triquetrorhabdulus carinatus 13-5, 40-41 22-2, B5-86 4-5, 25-26 9-6, 30-31
17-2, 40-41 30,CC 6,CC 13-4, 30-31
" NP25 | Sphenolithus ciperoensis 17,CC 31-1, 57-58 7-1, 10-12 | 29-1, 20 13-5, 30-31
Cligovene 31,cc 7,6C 30-1, 147 13,C
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Discoaster kugleri Zone (NN7)

Definition. Interval from the first occurrence of Discoaster kugleri
to the first occurrence of Catinaster coalitus.

Remarks. According to the definition, the top of this zone is at the
first occurrence of C. coalitus. However, in an assemblage with mod-
erate recrystallization, C. coalitus is difficult to identify, whereas C.
calyculus is still recognizable. In this case, the first occurrence of C.
calyculus is used to mark the top of Zone NN7.

Discoaster deflandrei was not recorded above this zone.

Catinaster coalitus Zone (NN8)

Definition. Interval from the first occurrence of Catinaster coali-
tus or C. calyculus to the first occurrence of Discoaster hamatus.

Discoaster hamatus Zone (NN9)

Definition. Interval from the first occurrence to the last occurrence
of Discoaster hamatus.

Remarks. D. hamatus in these southeast Atlantic sites is rare and
much smaller than in other regions. In some cases D. bellus with
slightly rotated tips (all in the same direction) resembles small D. ha-
matus. These two species are probably closely related to each other.
Both forms have the same first occurrence at the base of Zone NN9;
however, D. belius extends upward to the lower part of Zone NNI0,

D. pentaradiatus and D. neohamatus have their first occurrence in
the upper part of this zone. Rare to common Minylitha convallis also
occur in thé upper part of this zone.

Discoaster calcaris Zone (NN10)

Definition. Interval from the last occurrence of Discoaster hama-
fus to the first occurrence of D. guinqueramus.

Remarks. The composition of discoasters of the assemblage has a
second major change at the base of this zone, that is, at the base of the
upper Miocene. The common (overgrown) D. variabilis s. ampl. is
reduced in numbers, whereas delicate species such as D. brouweri (in-
cluding large D. neorectus), D. calcaris, and D. neohamatus common-
ly occur in this zone in our cores.

Zone NNI10 is also characterized by the abundant occurrence of
Minylitha convallis. M. convallis looks like a calcite particle. How-
ever, when it occurs abundantly, it is easy to recognize the presence of
this species in the assemblages.

Discoaster gquingueramus Zone (NN11)

Definition. Interval from the first to the last occurrence of Disco-
aster quingueramus.

Remarks. Most of the Discoaster quinqueramus (group) specimens
identified in this study are of the D. berggrenii type with short rays.
This latter species is very rare at shallow sites. It is absent at deep sites,
which makes it difficult to differentiate this zone from the superjacent
and subjacent zones.

The lower part of Zone NN11 is characterized by the presences of
D. neohamatus and Minylitha convallis, whereas the upper part is
characterized by the presences of Amaurolithus spp. The ranges of D.
neohamatus and A. primus show little overlap. However, these two
species do co-occur in a few samples.

At deeper sites where D. quingqueramus is missing, the last occur-
rence of A. amplificus is tentatively introduced to mark the top of
Zone NN11. This is based on the fact that A, amplificus is restricted to
the D. quingueramus Zone at the shallow sites.

Amaurolithus tricorniculatus Zone (NN12)

Definition. Interval from the last occurrence of Discoaster quin-
queramus to the first occurrence of Ceratolithus rugosus.

Remarks. C. acutus has its first, and Triquetrorhabdulus rugosus
has its last, occurrence in this zone.

Typical D. surculus becomes quite common within and above this
zone at our sites.

Ceratolithus rugosus Zone (NN13)

Definition. Interval from the first occurrence of Ceratolithus rugo-
sus to the first occurrence of Discoaster asymmetricus.
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Remarks. The boundary between this zone and the next higher
zone is sometimes difficult to recognize because a few specimens re-
sembling Discoaster asymmetricus may be found lower. Typically,
however, D. asymmetricus is common only in its nominate zone and
above.

Some five-rayed discoasters found in the NN10 and NN11 zonal
interval are very similar to D. asymmetricus of the Pliocene; some,
however, have vestigial bifurcation of rays like D. calcaris and are
here included with D. calcaris.

Discoaster asymmetricus Zone (NN14)

Definition. Interval from the first occurrence of Discoaster asym-
metricus to the last occurrence of Amaurolithus tricorniculatus.

Remarks. A. delicatus instead of A. tricorniculatus is used to de-
fine the top of this zone because the latter species is very rare at the
studied sites.

Reticulofenestra pseudoumbilica Zone (NN15)

Definition. Interval from the last occurrence of Amaurolithus
tricorniculatus to the last occurrence of Reticulofenestra pseudoum-
bilica s. ampl.

Remarks. This zone is easily recognized in the studied sites. In the
upper part, small specimens of R. pseudoumbilica are typical. The
large R. pseudoumbilica becomes extinct somewhat earlier than the
smaller one. Sphenolithus abies (S. neoabies included) has its last oc-
currence in the upper part of Zone NN15, whereas Pseudoemiliania
lacunosa has its first occurrence in the uppermost part of this zone.

Discoaster surculus Zone (NN16)

Definition. Interval from the last occurrence of Reticulofenestra
pseudoumbilica to the last ocurrence of Discoaster surculus.

Remarks. D. tamalis and D. asymmefricus have their last occur-
rences within this zonal interval.

Discoaster pentaradiatus Zone (NN17)

Definition. Interval from the last occurrence of Discoaster sur-
culus to the last occurrence of D. pentaradiatus.

Remarks. This zone is very thin. It was not recognized at several of
the sites studied.

Discoaster brouweri Zone (NN18)

Definition. Interval from the last occurrence of Discoaster penta-
radiatus to the last occurrence of D. brouweri.

Pseudoemiliania lacunosa Zone (NN19)

Definition. Interval from the last occurrence of Discoaster brou-
weri to the last occurrence of Pseudoemiliania lacunosa.

Remarks. Ceratolithus rugosus, Calcidiscus macintyrei, and Hel-
icosphaera sellii have their last occurrences, whereas Gephyrocapsa
caribbeanica and G. oceanica have their first occurrences in the lower
part of this zone. Coccolithus pelagicus is greatly reduced in number
at the base of this zone.

Calcidiscus macintyrei is much more common at the deeper sites
than at the shallower sites.

Gephyrocapsa oceanica Zone (NN20)

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

Emiliania huxleyi Zone (NN21)

Definition. Interval with Emiliania huxleyi.

Remarks. The boundary between Zones NN20 and NN21 is diffi-
cult to determine because E. huxleyi is too small to be identified with
the light microscope with certainty. The recognition of the upper part
of this zone is, however, much easier because the nominal species is
extremely abundant there.

SUMMARY OF SITES

The Neogene and Quaternary calcareous nannofossil
assemblages recovered during DSDP Leg 74 are discussed



in detail as follows: each hole is considered separately,
and the basis for biostratigraphic age assignments is
documented. Range charts are presented for all holes.

Hole 525 (29°04.24'S, 02°59.12'E;
water depth: 2467 m)

Only one surface core, from 0-3.6 meters, was recov-
ered at Hole 525. The core catcher sample from 3.6 me-
ters sub-bottom contains abundant Pseudoemiliania la-
cunosa with common Helicosphaera carteri and Caici-
discus leptoporus. Other few to rare species are small
Gephyrocapsa spp., Rhabdosphaera clavigera, Syraco-
sphaera pulchra, Craspedolithus declivus, Scapholithus
Jfossilis, and Ceratolithus rugosus. Gephyrocapsa ocean-
ica may be present; however, no specimens with a com-
plete bridge were found. This assemblage indicates the
early Pleistocene P. lacunosa Zone (NN19). No checklist
was prepared for this hole because of duplication of the
cored interval at Hole 525A.

Hole 525A (29°04.24'S, 02°59.12'E;
water depth: 2467 m)

Hole 525A was drilled with conventional rotary cor-
ing. Sediments were not continuously cored above 165.1
meters sub-bottom. Table 2 represents the nannofossil
distribution in this hole. The nannofossil biostratig-
raphy is here given for the NN3 through NP25 zonal in-
terval, Nannofossil distribution younger than the NN3
zone for Hole 525A may be compared with that for the
nearby Hole 525B given in Table 3.

Quaternary sediments were recognized only in Core
1. The core-catcher sample contains essentially the same
assemblage as that found in Sample 525-1,CC of Hole
525 and is assigned to Zone NN19 of the early Pleisto-
cene. The only difference is that most of the Gephyro-
capsa species found in this core catcher sample have a
complete bridge.

Core 2 has no recovery.

Cores 3 and 4 are early Pliocene in age (Zones NN13-
NN12), based on the presence of Reticulofenestra pseu-
doumbilica, Sphenolithus abies, Amaurolithus delica-
tus, A. primus, A. tricorniculatus, Ceratolithus rugosus,
and C. acutus and the absence of A. amplificus and
Discoaster quinqueramus. Cores 5 and 6 are assigned to
Zone NN11 of the late Miocene, on the basis of the very
rare occurrence of D. guinqueramus. It is worth men-
tioning that Core 5 contains Amaurolithus species with-
out D. neohamatus, whereas Sample 525A-6,CC con-
tains D. neohamatus without Amaurolithus species.

Core 7 through Sample 525A-8-2, 40-41 cm belongs
to the middle Miocene Zone NN6, based on the abundant
occurrence of Cyclicargolithus floridanus with some D,
deflandrei s. ampl. and Coronocyclus nitescens and on
the absence of Sphenolithus heteromorphus. Sample
525A-8-2, 40-41 cm through Sample 525A-9,CC are as-
signed to the middle Miocene Zone NN$5, based on the
common presence of S. heteromorphus with some D.
variabilis s. ampl. and rare D, exilis.

Core 10 through Sample 525A-11-1, 40-41 c¢cm be-
longs to the early Miocene Zone NN4, based on the
presence of S. heteromorphus with common D, deflan-

CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

drei and without D. variabilis and D. exilis. The two
very rare occurrences of S. belemnos in the lower part of
this interval are interpreted as due to reworking or mix-
ing during coring. Samples 525A-11-2, 40-41 cm through
525A-11-4, 40-41 cm are typical of the early Miocene
Zone NN3 because of the common occurrence of S. be-
lemnos. Samples 525A-11-5, 40-41 cm through 525A-
13-4, 40-41 cm are assigned to the early Miocene Zone
NN2, based on the presence of Discoaster sp. aff. D.
druggii and the absence of S. belemnos. Sphenolithus
sp. aff. S. belemnos, however, might be present in this
interval.

Samples 525A-13-5, 40-41 cm through 525A-17-2,
40-41 cm belong to the early Miocene Zone NNI1. In this
zonal interval, several biological events occur: Zygrhab-
lithus bijugatus becomes extinct in Sample 525A-16,CC;
Dictyococcites bisectus, in Sample 525A-16-1, 40-41
cm; and D. dictyodus, in 525A-15-6, 40-41 cm. Spheno-
lithus capricornutus and S. delphix have very short
ranges in the lower part of this zone. Only a single speci-
men of Helicosphaera recta was found in Sample 525A-
15-7, 40-41 cm. It is uncertain whether it is in place or is
a redeposited specimen.

Sphenolithus ciperoensis last occurs in 525A-17,CC,
and this point is taken to mark the top of the Oligocene.

The preservation of calcareous nannofossils in Hole
525A in general is moderate. Dissolution and recrystalli-
zation increase downhole. Discoasters in Cores 3 through
6 are moderate in preservation; however, they are poor
from Core 7 downward. Overgrowth has destroyed many
species characters of discoasters, which makes species
identification difficult or impossible.

Hole 525B (29°04.24’S, 02°59.12'E;
water depth: 2467 m)

Hole 525B was drilled with hydraulic piston coring.
Sediments were continuously cored from 0 to 209.4 me-
ters sub-bottom to compensate for the coring gap in
Hole 525A. Table 3 represents the Neogene and Quater-
nary nannofossil distribution in this hole.

The youngest calcareous nannofossil zone, NN21, of
the late Pleistocene was recognized in Samples 525B-1-
1, 20-32 cm and 525B-1-1, 80-82 c¢m, based on the
abundant occurrence of Emiliania huxleyi together with
Gephyrocapsa oceanica. The next zone, NN20, of the
late Pleistocene was encountered in Sample 525B-1-2,
30-32 cm. Then the first downhole occurrence of Pseu-
doemiliania lacunosa in 525B-1-2, 80-82 cm places this
sample at the top of early Pleistocene Zone NN19.

Samples 525B-1,CC and 525B-2-1, 60-61 cm are
dominated by small Gephyrocapsa with rare G. oce-
anica and G. caribbeanica. According to Gartner (1977),
this assemblage belongs to the small Gephyrocapsa
acme interval which is in the middle part of the Zone
NNI19. The highest occurrence of Helicosphaera sellii is
in Sample 525B-2-2, 60-61 cm. Next to it, the highest
occurrence of Calcidiscus macintyrei is in 525B-2-3,
60-61 cm, and the lowest occurrence of typical G. oce-
anica and G. caribbeanica is in 525B-2,CC. The early
Pleistocene calcareous nannofossil assemblages in Hole
525B are essentially the same as those in Holes 525 and
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H. recta, Minylitha con-

obliqua, H. perch

(counts at 1000 x magnification). The following species were

or

D. tamalis, Emiliania huxleyi, Hayaster p

bellus, D. h

D

Ch

“cf." and “‘aff."" mean that a similar form occurs but no abundance is recorded. For preservation, P = poor; M = moderate; G = good.
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looked for but not found: Broarudosphaera bigelowi, Catinaster calyculus, C. coalitus, Ci

vallis,

A R. = Refticulofenestra.

Note: For abundance, A = abundant, 10 specimens/field; C = common, 1-10 specimens/field; F = few, | specimen/1-10 fields; R = rare, | specimen/10 fields; r = very rare, probably due to



525A. Very rare Discoaster brouweri found in this inter-
val are interpreted as reworked.

Typical, well-preserved D. brouweri with slender long
arms is first encountered in Sample 525B-3-2, 53-54 cm,
which places this sample at the top of Zone NN18 of the
late Pliocene. Next, common D. pentaradiatus, the in-
dex species for Zone NN17 of the late Pliocene, is re-
corded in 525B-4-2, 65~66 cm. Zone NN17 represents a
very short time interval, because D. surculus, the index
species of Zone NN16 of the late Pliocene, is in Sample
525B-4-3, 65-66 cm. Discoaster asymmetricus and D.
tamalis have their highest occurrences in Zone NN16 of
Hole 525B. Also, typical H. carteri gradually gives way
downward to a robust form, H. granulata, in this inter-
val.

Typical Reticulofenestra pseudoumbilica (small and
large forms) abundantly occurs for the first time in
Sample 525B-5-2, 81-83 cm, which places this sample in
the top of Zone NNI15 of the early Pliocene. Within
Zone NNI15, the highest occurrence of Sphenolithus
abies is found in 525B-7-2, 39-40 cm, whereas the low-
est occurrence of Pseudoemiliania lacunosa is traced
down to Sample 525B-7-3, 39-40 cm. Helicosphaera
sellii is no longer found below this zone in Hole 525B,
but D. variabilis is continuously recorded in the lower
part of this zone and downward.

Amaurolithus delicatus first appears in Sample 525B-
8-3, 3-4 cm, which places this sample at the top of Zone
NN14 of the early Pliocene. Amaurolithus delicatus and
A. primus are the most common species of the Amauro-
lithus group in this interval and down to the upper Mio-
cene. Typical specimens of A. fricorniculatus are very
rare. The birefringent Ceratolithus rugosus is traced
down to 525B-12-1, 10-11 cm, which places this sample
at the base of Zone NNI13 of the early Pliocene. The
NN13/NN14 boundary cannot be defined with certainty
in Hole 525B, because the NN14 index species, D. asym-
metricus, consistently occurs downward. Discoaster de-
corus is found sporadically within the NN13/NN14 zon-
al interval and down to Zone NN11 of the late Miocene.

The interval between Samples 525B-12-1, 54-55 c¢cm
and 525B-14-2, 40-41 cm is assigned to Zone NN12 of
the earliest Pliocene, based on the absence of both C.
rugosus and D. quinqueramus. The highest occurrence
of Triguetrorhabdulus rugosus is recorded in 525B-13-
3, 40-41 cm, and A. bizzarus is found only in 525B-13-1,
40-41 cm.

The highest occurrence of D. guinqueramus is traced
up to Sample 525B-14-2, 100-101 cm, which places this
sample at the top of Zone NNI11 (i.e., the top of the up-
per Miocene). Aside from the index species, the calcare-
ous nannofossil assemblages in the early Pliocene and
the late Miocene are essentially the same. Discoaster
brouweri, D. surculus, D. pentaradiatus, D. decorus, D.
variabilis, and D. intercalcaris are quite common in
these intervals. Although D, quinqueramus is very rare
in the upper Miocene of Hole 525B, its occurrence is
sufficiently consistent to outline its total range zone,
Zone NN11 can further be divided into two parts. The
upper part is characterized by the presence of A. delica-
tus and A. primus which is traced down to Sample

CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

525B-23-2, 37-38 cm. The lower part is represented by
the presence of D. neohamatus, which is traced up to
the same sample. Amaurolithus amplificus has a very
short range and is restricted to the upper part of Zone
NNI11. In the lower part of Zone NN11 and downward,
slender yet giant D. brouweri (D. neorectus type), to-
gether with large D. neohamatus and D. variabilis, are
prominent.

The interval between Samples 525B-25-1, 36-37 cm
and 525B-28,CC belongs to Zone NN10 of the late Mio-
cene, based on the absence of both D. quinqueramus
and D. hamatus. Discoaster variabilis, large D. neoha-
matus, and large, slender D. brouweri are still the major
discoaster components in this zone. Minylitha convallis,
which rarely occurs in the lower part of Zone NN11, be-
comes very abundant throughout the NN10 zonal inter-
val. This species, according to Bukry (1973), commonly
occurs in the middle-late Miocene transitional interval.
A form of discoaster with five asymmetrical arms oc-
curs sporadically throughout this interval and its overly-
ing NN11 Zone, This form looks much like D. asym-
metricus of the Pliocene. However, some specimens
with better preservation show vestigial bifurcations.
This form may be related to the five-rayed D. calcaris
and should not be included in D. asymmetricus, with
which it does not have a continuous range.

The interval between Samples 525B-29-1, 76-77 cm
and 525B-32-2, 113-114 cm is included in Zone NN9 of
the middle Miocene, based on the total range of D. ha-
matus. Minylitha convallis is still very abundant in the
upper part of this zone. It quickly becomes rare down-
wards, however, and disappears in the lower part of this
zone. Within the NN9 zonal interval, several biological
events occur. The small R. pseudoumbilica are no long-
er observed within this zone; D. pentaradiatus is not re-
corded below Sample 525B-29-2, 76-77 cm; Catinaster
calyculus first appears in 525B-30-1, 44-45 cm and C.
coalitus in 525B-32-2, 113-114 cm. Besides D. hamatus,
the major discoaster components in this zone are D,
variabilis, D. brouweri, D. neohamatus, D. bellus, and
D. calcaris. Some D. signus with long bifurcation of ray
are also included in the discoaster assemblage. Disco-
aster calcaris, or transitional forms of D. calcaris and
D. exilis, do not occur below Zone NN9, but D. neoha-
matus is traced down to Sample 525B-31,CC. Discoas-
ter bellus, a form related to and associated with D.
hamatus, has the same first occurrence as D. hamatus in
525B-32-2, 113-114 cm. Its highest occurrence, how-
ever, is traced up to Sample 525B-28,CC, the base of
Zone NN10. .

Samples 525B-32-3, 41-42 cm through 525B-33,CC
belong to Zone NN8 of the middle Miocene, based on
the presence of Catinaster species in the absence of D.
hamatus. The absence of Catinaster species and of Cy-
clicargolithus floridanus places the interval between
Samples 525B-34-1, 65-66 cm and 525B-36,CC in Zone
NN7 of the middle Miocene. Below 525B-31,CC the
preservation of discoasters suddenly becomes poor, most
specimens being overgrown. In the NN7-NNS8 zonal in-
terval and downward, D. variabilis s. ampl. is the only

“dominant discoaster species. Moderately preserved D.
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Table 3. Nannofossil distribution at Hole 525, DSDP Leg 74.
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Table 3. (Continued).
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Age
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Table 3. (Continued).
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Table 3. (Continued).
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Miocene P M A 48-2, 60-61 R F R A
NN3 P M A 48-3, 60-61 R F |R A
P M A 205.0 | 48,cC R F |R A
P M A 205.0 | 49-2, 20-21 R F |R A
P M A 49-3, 20-21 R F |R A
P M A 49-4, 20-21 R C A
NN2 P M A 49-4, 80-82 F F |R A
P M A 2094 | 49,CC R F |R A

Note: For abundance, A = abundant, 10 specimens/field; C = common, 1-10 specimens/field; F = few, 1 specimen/1-10 fields; R = rare, 1 specimen/10 fields; r = very
rare, probably due to reworking or contamination (counts at 1000 x magnification). Designations *‘cf."" and ‘‘aff."" mean that a similar form occurs but no abundance is
recorded. For preservation, P = poor; M = moderate; G = good. The dotted line indicates a zonal boundary of uncertainty.

2 R = Reticulofenestra.

exilis is traced upward to Sample 525B-33-1, 45-46 cm,
Zone NN8, whereas D. deflandrei is recorded up to 525B-
35,CC of the NN7 Zone. Because of poor preservation
or environmental exclusion, typical D. kugleri, the in-
dex species for Zone NN7, was not observed in this hole.

The top of Zone NN6 of the middle Miocene is tenta-
tively placed in Sample 525B-37-1, 40-41 cm, where the
first downhole occurrence of C. floridanus is recorded.
In the NN6 zonal interval, Coronocyclus nitescens has
its highest occurrence in 525B-38-3, 29-30 cm, whereas
Triquetrorhabdulus rugosus has its lowest occurrence in
525B-39,CC. Discoaster brouweri, D. signus, and Cy-

572

clococcolithus macintyrei are no longer found below
this zone.

The total range of S. heteromorphus, between Sam-
ples 525B-42-1, 35-36 cm and 525B-48-1, 60-61 cm,
represents the NNS and NN4 zonal intervals. Because of
the absence of H. ampliaperta, the index species for
Zone NN4, in Hole 525B, the NN5/NN4 boundary (i.e.,
the middle/early Miocene boundary) cannot be identi-
fied with certainty. Tentatively the NN5/NN4 boundary
is placed between Samples 525B-46-1, 60-61 c¢m and
525B-46-2, 60-61 cm. This is based on the fact that there
is a significant discoaster assemblage change here. Above
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525B-46-1, 60-61 cm, D. variabilis is one of the domi-
nant discoaster species, whereas below 525B-46-2, 60-61
cm it suddenly disappears. Discoaster deflandrei is then
the only dominant discoaster in the assemblage. Rare
specimens of a shallow-water or brackish-water form
Braarudosphaera bigelowii are also recorded around the
middle-early Miocene transition interval.

The interval between Samples 525B-48-1, 100-102 cm
and 525B-49-3, 20-21 cm is assigned to Zone NN3 of the
early Miocene, based on the total range of S. belemnos.
The interval between 525B-49-4, 20-21 cm and 525B-
49,CC is Zone NN2 of the early Miocene in age, based
on the absence of S. belemnos and the rare presence of

Discoaster sp. aff. D. druggii. Discoaster sp. aff. D.
druggii, however, ranges up to the lower part of the
NN3 Zone.

The preservation of the Neogene and Quaternary cal-
careous nannofossils at Hole 525B is moderate in gener-
al. Dissolution and recrystallization of placoliths in-
crease downhole. The state of preservation of disco-
asters, however, fluctuates. Most discoasters recovered
above Core 30 are moderately preserved. The best-pre-
served discoasters are found in the upper middle and
lower upper Miocene interval. However, below Core 31
they are so poorly preserved that their diversity becomes
very low in the lower middle and lower Miocene.
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Hole 526 (30°07.36’S, 03°08.28'E;
water depth: 1054 m)

Site 526 was the shallowest site drilled during Leg 74.
Hole 526 was drilled with hydraulic piston coring. Only
two cores were recovered in this hole, however. Samples
526-1-1, 100-102 cm through 526-2-1, 106-107 ¢cm be-
long to NN20 Zone of the late Pleistocene. The assem-
blage includes common Gephyrocapsa oceanica, small
Gephyrocapsa sp., Calcidiscus leptoporus, Helicosphae-
ra carteri, Syracosphaera pulchra, and Rhabdosphaera
clavigera and rare Coccolithus pelagicus, Cricolithus
Jjonesii, Scapholithus fossilis, Umbilicosphaera mirabi-
lis, Pontosphaera japonica, and other Pontosphaera sp.
Redeposited coccoliths from the Pliocene, Miocene, and
Oligocene were also recorded. These are Chiasmolithus
altus, Cyclicargolithus floridanus, Coronocyclus nites-
cens, Dictyococcites bisectus, Discoaster deflandrei,
Pseudoemiliania lacunosa, Reticulofenestra pseudoum-
bilica, and Sphenolithus abies. Core 2 has poor recov-
ery. The core catcher sample from 6.3 meters sub-bot-
tom contains indigenous P. /acunosa and is assigned to
the NN19 Zone of the early Pleistocene.

The calcareous nannofossil preservation in Hole 526
is moderate to good. A check list of the nannofossil dis-
tribution of this hole is given in Table 4.

Hole 526A (30°07.36'S, 03°08.28 E;
water depth: 1054 m)

Hole 526A was drilled with hydraulic piston coring.
Sediments were continuously cored from 28.0 meters
sub-bottom down to 228.8 meters (late Eocene)., The
core recovery in this hole is very good. No significant hi-
atuses were recognized through the Neogene. However,
the sedimentation rate seems not to be consistent during
the Neogene, because some of the calcareous nannofos-
sil zones in this hole are represented by rather short in-
tervals. A check list of the Neogene calcareous nanno-
fossil distribution of Hole 526A is given in Table 4.

Three calcareous nannofossil zones are recognized in
Core 1. Sample 526A-1-1, 75-76 cm contains abundant
Reticulofenestra pseudoumbilica (both small and large
forms), without Amaurolithus species, and is assigned
to the NN15 Zone of the early Pliocene. This sample
also contains Sphenolithus abies, yet without Pseudo-
emiliania lacunosa. It is reasonable to place this sample
in the lower part of Zone NN135. Sample 526A-1-2, 75-
76 cm belongs to Zone NN14 of the early Pliocene,
based on the occurrence of both A. delicatus and Dis-
coaster asymmelricus. Amaurolithus delicatus has its
highest, and D. asymmetricus has its lowest, occurrence
in this core sample. Samples 526A-1-3, 75-76 cm through
526A-2-2, 80-81 cm contain Cerafolithus rugosus with-
out D. asymmetricus and therefore belong to the early
Pliocene Zone NN13.

The interval between 562A-2-3, 80-81 cm and 526A-
5-1, 85-86 c¢m is included in the earliest Pliocene Zone
NN12 based on the absence of C. rugosus and D. quin-
queramus. Typical A. tricorniculatus is extremely rare
in the early Pliocene of Hole 526A; it is found only in
Sample 526A-2,CC. Trigquetrorhabdulus rugosus has its
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highest occurrence in Sample 526A-4-3, 15-16 cm in this
zone.

Again, the Pliocene/Miocene boundary is not easily
recognized in Hole 526A, because D. quinqueramus, the
index species for the late Miocene Zone NN11, is very
rare. After a long search it was found that D. quingue-
ramus consistently occurs between Samples 526A-5-2,
85-86 cm and 526A-9,CC. This interval is therefore as-
signed to Zone NNI11. As in Hole 525B, typical A.
amplificus is restricted to the upper part of this zone.
The occurrence of A. delicatus and A. primus, on the
other hand, is traced down to Sample 526A-7,CC, where
the highest occurrence of D. neohamatus is recorded.
Typical Helicosphaera granulata gradually become more
important than H. carteri in the late Miocene of Hole
526A. In fact, the two species are very difficult to dif-
ferentiate during the late Miocene and early Pliocene.
They could be the same taxon in different states of
preservation. Also, in the lower part of this zone, Miny-
litha convallis occurs abundantly below Sample 526A-
8,CC.

The interval between 526A-10-1, 103-104 cm and
526A-12-3, 25-26 cm is attributed to the late Miocene
Zone NN10, based on the absence of D. quinqueramus
and D. hamatus. This interval is also characterized by
abundant M. convallis, common D. neohamatus, and
common D. brouweri with long slender rays (D. recfus
type). The highest occurrence of D. bellus is traced up to
Sample 526A-11-3, 30-31 cm in this zone. As in Hole
525B, the same form of discoaster with five asymmetri-
cal arms occurs sporadically within the late Miocene
NN10-NNI11 zonal interval of this hole.

The interval between 526A-12,CC and 526A-14,CC
belongs to the middle Miocene Zone NN9, based on the
total range of D. hamatus. Several biological events oc-
cur within this zonal interval, and the pattern of succes-
sion of these events is comparable to that recorded in
Hole 525A. Minylitha convallis is still very abundant in
the upper part of this zone, quickly becomes rare down-
ward, and disappears in Sample 526A-14-2, 20-21 cm;
the small R. pseudoumbilica are no longer observed
within this zonal interval; the lowest occurrence of D.
pentaradiatus is traced down to 526A-12,CC; D. neoha-
matus extends a little farther down but disappears above
the first occurrence of D. hamatus; rare D. signus are
observed within this zone, and Catinaster calyculus has
its highest occurrence in Sample 526A-13,CC. However,
D. bellus, a form related to and associated with D.
hamatus, extends down to Zone NN8 in this hole.

Sample 526A-15-1, 26-27 cm through 526A-15,CC is
included in Zone NN8 of the middle Miocene, based on
the presence of C. calyculus and the absence of D. ha-
matus. Catinaster coalitus, the designated index species
for Zone NN8, is very rare in this hole. Next below the
absence of both C. calyculus and Cyclicargolithus flori-
danus places the interval between Samples 526A-16-1,
42-43 cm and 526A-18-3, 50-51 cm, into Zone NN7 of
the middle Miocene. As in Hole 525B, the preservation
of discoasters becomes poor in the upper part of the
middle Miocene. Discoaster brouweri s. ampl. is no
longer found below the NN8 zonal interval. The over-



grown D. variabilis becomes the only dominant discoas-
ter species in the lower part of the middle Miocene. The
first downhole occurrence of D. deflandrei is recorded
in the lower part of Zone NN7. Discoaster kugleri, the
true index for Zone NN7, is not found in Hole 526A,
however.

The top of the middle Miocene Zone NNG6 is tentative-
ly placed in Sample 526A-18,CC, where the first down-
hole occurrence of C. floridanus is recorded. Calcidis-
cus macintyrei is no longer recorded below this zone.
Also in the NN6 zonal interval, Coronocyclus nites-
cens has its highest occurrence in 526A-19-3, 40-41 cm,
whereas Triguetrorhabdulus rugosus has its lowest oc-
currence in 526A-18,CC.

Though no significant hiatus is found in the early
middle, and early Miocene of Hole 526A, the sediment
interval represented by Zone NNS5 through Zone NN2 is
very thin in this hole. The total range of S. heteromor-
phus places the interval between Samples 526A-20-3,
78-79 cm and 526A-21-1, 70-71 cm, into Zones NN3
and NN4., Next, the total range of S. belemnos limits the
interval between Samples 526A-21-2, 70-71 cm and
526A-21,CC to Zone NN3 of the early Miocene. In
526A-22-1, 85-86 cm, S. belemnos is absent. The lowest
occurrence of Discoaster sp. aff. D. druggii assigns this
sample to Zone NN2 of the early Miocene.

Helicosphaera ampliaperta is absent and the NN5/
NN4 boundary (i.e., the middle/early Miocene bound-
ary) is recognized in this hole by a sudden discoaster as-
semblage change recorded between Samples 526A-20,CC
and 526A-21-1, 70-71 cm. In 526A-20,CC and above,
D. variabilis is the only dominant discoaster species,
whereas in 526A-21-1, 70-71 cm and below, no D. vari-
abilis is observed. Discoaster deflandrei becomes the on-
ly dominant discoaster species. Helicosphaera obliqua
occurs sporadically between 526A-20,CC and 526A-21-
2, 70-71 cm.

The long interval between Samples 526A-22-2, 85-86
cm and 526A-30,CC is assigned to Zone NN1 of the ear-
liest Miocene, based on the absence of Discoaster sp.
aff. D. druggii and S. ciperoensis. Sphenolithus sp. aff.
S. belemnos (= S. dissimilis?) appears sporadically with-
in this zonal interval. In the upper part of this zone,
R. pseudoumbilica and Calcidiscus leptoporus are still
quite common. However, both forms become atypical
downward and disappear in the lower part of this zone.
In the lower part of this zone, Zygrahablithus bijugatus
has its highest occurrence in Sample 526A-28-2, 44-45
cm. Dictyococcites bisectus and D. aff. D. dictyodus,
on the other hand, are not found above 526A-28-3,
44-45 cm. Also S. delphix and S. carpricornutus have
very short ranges and are restricted to the lower part of
Zone NNI1 in this hole.

The top of the Oligocene is placed in Sample 526A-
31-1, 57-58 cm, where the highest occurrences of H. rec-
ta and S. ciperoensis are recorded. In the late Oligocene
of this hole, several new species are encountered. These
are Chiasmolithus altus, Ericsonia fenestrata, and H.
perch-nielseniae. Helicosphaera recta and H. perch-niel-
senige are hemipelagic species. They are very rarely
found at other sites of DSDP Leg 74. However, because

CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

Hole 526A is the shallowest (1054 m), both forms spo-
radically occur in the upper Oligocene of this hole. Also
Braarudosphaera bigelowii, a hemipelagic form, occurs
fairly consistently in the late Oligocene and the earliest
Miocene of this hole.

The preservation of the Neogene calcareous nanno-
fossils recovered in Hole 526A is much the same as that
in Hole 525B. Assemblages in general are moderately
preserved. Dissolution and recrystallization of placo-
liths increase downhole. Discoasters are moderately pre-
served in the Pliocene and the uppermost Miocene. How-
ever, from the middle Miocene on they become so
strongly overgrown that species identification is some-
times difficult.

Hole 526B (30°07.36’S, 03°08.28'E;
water depth: 1054 m)

Hole 526B was drilled with hydraulic piston coring.
Sediments were continuously cored from 6.3 down to
28.3 meters sub-bottom. The main purpose of this hole
was to recover the coring gap between Holes 526 and
526A. The calcareous nannofossil distribution of this
hole is given in Table 4.

Samples 526B-1-1, 30-32 cm through 526B-3-1, 35—
36 cm belong to the early Pleistocene Zone NN19, based
on the consistent presence of Pseudoemiliania lacunosa.
Gephyrocapsa oceanica and G. caribbeanica are abun-
dant in this interval, except in the lowest part, in 526B-
3-1, 35-36 cm, Samples 526B-3-2, 35-36 cm through
526B-3,CC contain Discoaster brouweri and are assigned
to the late Pliocene Zone NN18. No G. oceanica, G. ca-
ribbeanica, D. pentaradiatus, or D. surculus were ob-
served in this short interval. Sample 526B-4-2, 20-21 cm
through 526B-5,CC are included in the early Pliocene
Zone NN15, based on the common and persistent occur-
rence of Reticulofenestra pseudoumbilica. Because of
the common presence of P. lacunosa without Spheno-
lithus abies, this interval is no older than the upper part
of Zone NN15. Zones NN17 and NN16 are apparently
missing. It is uncertain whether they are absent because
of a minor hiatus or because of too large a sampling in-
terval.

The calcareous nannofossils in Hole 526B are moder-
ately preserved.

Hole 526C (30°07.36'S, 03°08.28'E;
water depth: 1054 m)

Hole 526C was drilled with conventional rotary cor-
ing. A short sediment interval was tentatively cored to
determine the Pliocene-Miocene transition at Site 526.
The calcareous nannofossil distribution for this hole is
given on Table 4.

Samples 526C-1-1, 100 cm through 526C-1,CC belong
to the upper part of the early Pliocene Zone NN15, based
on the presence of Reticulofenestra pseudoumbilica and
Pseudoemiliania lacunosa, without Sphenolithus abies
and Amaurolithus sp. The sediments recovered in Core
1 probably are not in place because Core 1 has a poor re-
covery. Samples 526C-2-1, 42-43 cm through 526C-2-7,
40-42 cm have an early Pliocene Zone NN12 age, based
on the absence of Discoaster asymmetricus, Ceratolith-
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Table 4, Nannofossil distribution at Hole 526, 526A, 526B, and 526C, DSDP Leg 74.

12441 uIDW SNY 111033030134
snuodoyda) snyiod3030)36 - - - < -
snuppLioyf smy1jo8indlaAD & ] o
nsauol snynodL) L o e
SnAlaap snyopadoi ey M Mol o EEe s Mool ool 0l ool Lo ofod o X e
SuAISAU SNPPAI0UDL07) =
SISUATUDIO SN0
‘I's snadpjad snypo230 P g 06 Of of of A% baa b b i o b b U o of of o2 L R SRS R R R SRS RN SR SRV b R A ST RS SSRGS S (SU SRR SRS RS RSNG| TSRS (S8
SMYD STYHOWSTIY ) - -
SMuSapa) SAYIeIDIAD)
SnMSOSn SnYIoI0a]) o of of of of of &
SNIDISIID SNYI0IDIAD) o
SMINID SAYI0IDIAD) LT =
SNIDOD JBISOUNDT) =
SMNIAIDD da1s0UND) of of Of o ofioe S B o
134A1UIODUE SROSIPISNDD) o L] - e -3
sruododa) snosipop) Epexx =2xQLOUULD0D QLULLULLLULLLOULLLLULLUULUUCLU LS CUUCCULUULUUULCUULLTUULOUY
nmojadlq psapydsopnioosg L4ULLLULUCLUULLUOLU o Uy
2D pUIHOINEY Y
SMIDINANUI0IL] STYIOINDW Y e
snwirad snynjoinpw y -4 Of o o of o B o0 OF OF of|od BY &Y AC X of of Y S X
SMIDINAP SHYII|0INDW Y ol Mo
STUDZZIG SNy oM Y
snoyiduwo stynjosnwy o o
E 8 |s o 2 © o - Cow [vwewe Im == m.mld e SR8 |m5 [RAA RRBR 99
L2 2R R ES BRI RFT (555 33% (333 337 (33% 237 .. mw4 cre 384|444 |44 44 22 [22d (1]
a s = 18 B lle3 RS [RR] [ere 288 |s83 222 (282 228 [IXX BT o mRRGARRN MR GRER,NRR O
ES l.C..,Cwal.z.mz.z.mLLL&LLLWLLL&LLLKLLLW1.2.3,@1.2.3.&hz.a.m1.2,3.mLz,s.mm4M£4¢4£443£¢4£Mu4m444£mm
3m mm._._.m.mgl....,l‘:fmssytm_.l.l_l..z.,_.z,...:..:._......TTT,,.,,.:..,q_.i.&&ﬁ.mmlt.&a..&o.,a.,n__n,,lmlwnnnnuuuuunullumuuuull
| 8] & 5
§28g| 3ol 2R 3k A% 3% s O SP o o o3n ooB o o ok omom o os
Tes
M.swn.m dlf AL AC LAt AL AL L L LLLLLLLLLLLLLLLLACLLLLCLL L Lq L L L LLLLLLaLLL
] HWS
Mm.m mmm 22 EFEEEEEEFEEEEEEEEE22553F25355555552255535255225352552552555%55555353535555555555553555>
8 oo
-3 mm EEFEE53EZZEEEFEEE3F3FE3335333533333333557533555353353553CoAnttttttna At
..m.. 2 = = ] = 2 e = =2 5 @
B2 22| z [¢ 2 : 2 2 :
2 = £ g
= 8 m g =
2

Holes 526-5268

Pleistocene

Pliocene

576



CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

Table 4. (Continued).

smpdnliq snyiiqoyssz
SINqDLt DrADYASOINIGUI)

104331, T.- ‘]

STIpuLID SRENPGoYsoanbL ]
payaynd piaDYdsOIDILS

- -

0 Pt of of Of of 0% OF X of of o o

BC of of A of of of of o o of

o of Of OF of Of O o

- - -4

-3

Shudofuou snypjouayds
SMydiow0sa1ay synjoudyds
xtydjap smyigjovayds
sisuaosadiy sny)ijouayds
smnwodudes snyjijouayds

oy ST chad

A b b B B e e B

B O

Bl fnofnolnop pd o od od d o g L of Dk ool

o o = oo

o e o

-4

saigo sny)ijouayds

“dds psapiydsoyddos
sHjissof snyjoydoog
D131} pIADYdSOPQOYY
(11ews) payiquinopnasd "y
pladie)) papquinopnasd *y

o of 0f 0f o4 o oS Bd
- - - - - -

o of
o o

AR - - - - A SRR STy -

L - - A A - - - - T -

- -4 -3 -3 ool o -
o o ey Eedex o

A O o o o A T T Y N S R
e ool ol - 3-4

3
44 oot of

b bhe i € O B O O OF L. B2
- -4 e

-
7

b o b 0 b b e
(- 4 - 4

(R R

DSQUNID] DIUDIIUIOPHAS]
dds puapydsojuod
payuodof pidoydsoiuod
SipAUOS DYNIAUY
DibsIsauR[ |3 DIUOSIHIT

s viapydsodnaH

- e e e -

- LU
e e @
-2 o

< <
o L

CR R g R Al
R R R . A R ]

e

o o buoor of O L. of Of o Of OF O Of oF o0 0f O o OF o o o

LUt gddgdCCcgd VOUCU
CLCCLCLCCCCULLLCLCCLLUCU
IoE of of oF oF of of of o of o0 oY o o - -1

Vi< <<

<<<<< CeUx
VU<t

e ool [

V<<

R R

=

e b ) e o2

<<

<<

maas paapydsasnagf

y2uad piavy HET XS
onbijqo psaydsodyay
piopnupad psROYdSOINIH
1431402 DIFOYASOINIE

snxapdiad 43150408

—
7

r o oof Of of o of B b b b0 Dol bl

RN - - - . -

o of o of o L o L

LT -4

(1rews) *dds psdpooidydan
naupare osdpiosdydan
DU G400 psdodoidydan
1hapxny plupiug

DIPAO DUIYII0ISI(]

'S SIGEIDA JISBOISIT

U0 oo od oo e

LLUUUC L
<u<<< U
<<

O

e o o8 of of b D O G B o b b 0 R fnon b bl oo oeg

Ll 'S

K Moo o -2

fom s
[T 7]

o L. o - -
-4

o -3
o

- 3-4

SHDWD) 4315DOISICT
SANIINS JRISDOISICT
snudis 431500351CT
smwpsanbuind 1315003517
snoipipiuad 4215002517
SMDWIDY 03U J3)SDOISIC]

- - - - - AR -
LA 344444
[ A SR SRS - SRR - - - - -

7] =]

LA 444
e o N T O L P P S T T S SR SRS RS &

o ofofododod -

2 5T
oot ot ot o o¢ o0 O R B OC B O X 6 B X Y

- 4 1 Moo of
b b U b b b U b e

o -

ot 441
TR TR TR TR ST TR §]

o od of of
b b b b

o ol
e L

SIDIDIIBIUL J31SDOISICT
SnDuIDY J3jS00ISICT
sjixa 4350035 g

I'S taspup)fap 43)500ISIT
NnETnup "jye 431500357
SII0IAP J3)SPOISIT

B g o b bt R e U eE e U0 e e U oo B

O BC D6 M. Of OF O OF Bo B.oof 00 of of 08 Of W o
C - AT N

B of 0f ot OF OF OF of OF O o
b o b b of O oF OF OF o X

Ca- - - 3

SHDIDI 2315D025T
LI2MN0Lq 4315D00SKT

snjjaq 431500051Qq
SNILIUIASD J315D0ISKT
MpPod1p $s211200204100(] "})E
£n12351G $3)1200004121(]

-4 244 4441005552444

o 00 L L B B4 B A g

aff.

Lol o oo L%]

MMM L QU U

= &
L] ]

g

aff.

- 4
LR SRS RSN Sy - -

e o
= =

" =

- =
a5
w o

of of ot of of g o B
b o 0f L of o o

o o
ol of ot

577



M.-J. JIANG, 5. GARTNER

Table 4. (Continued).

9 B
é E : 5 . F F 9 § " ?
s g § g S8t P 343 E E 2 E S E
SRsESpc8edag§gtEs S
Cisne s dslicesessdiises
v G S S 23 § S g & E a s & £ £
Overall 95588382 ¥5%8 g9%3 g 38355
EOnTVAHan Depth EEEE‘%fEE"QéﬁEﬁ%ééE%ﬁE
Other | Overall | below SSS555§/sss§gslssssss 5 8
Disco- | Cocco- | Abun- |Seafloor Sample EEEdd¥geLss g g S 5 g E E é E 8' 3
Age Zonation | asters | liths | dance | (m) @ntervalinem) = = T < < <& 03383848 SRR H sl el il 6)
Holes 526-526B
(Cont,)
P M A 16-3, 42-43 c c R
. P M A 98.4 16,CC c C R
fhidcie P M A 984 17-1, 40-41 c F R
NN7 P M A 17-2, 40-41 le C R
P M A 173, 40-41 C c R
Miocene P M A 102.8 17,CC R C F R
P M A 102.8 18-1, S0-51 c F F
P M A 18-2, 50-51 Cc R rcC R
P M A 18-3, 50-51 c CR| F
P M A 107.2 18,CC AR r A F C
P M A 107.2 19-1, 40-41 e F F C
P M A 19-2, 40-41 CR c F ¢
NN6 P M A 19-3, 40-41 c F |[RF ¢
P M A 111.6 19,CC c R |[RC C
P M A .6 20-1, 78-79 c R c |[RF cC
P M A 20-2, 78-79 c F |RF C
NG P M A 20-3, 78-79 c cC [RF C
P M A 116.0 20,CC c c_IRC A
NN4 P M A 116.0 211, 7071 R C c _|R A
P M A 21-2, 70-71 C € (R A
NN3 P M A 21-3, 70-71 c c |r A
P M A 120.4 21,€C C C RIR A
NN2 P M A 120.4 22-1, B5-86 C A - A
P M A 22-2, B5-86 C A R A
P M A 22.3, §5-86 c F |R A
P M A 124.8 22,CC c c |R A
P M A 124.8 232, 4647 F c |r A
P.| M A 23-3, 46-47 F c |r A
P M A 129.2 23,cC F A R|R CA
P M A 129.2 241, 35-36 F c |R A
P M A 242, 35-36 F A |R A
P M A 24-3, 35-36 R A R|R A
P M A 133.6 24,CC F A R|R A
P M A 133.6 25.2, 54-55 R c [Rr A
P M A 25-3, 54-55 R c |r A
P M A 138.0 25.CC R C R|R A
early P M A 1380 | 262, 4041 R c |R A
P M A 26-3, 4041 R FRIR . Arr
i P M A 142.4 26,CC of. c R|R A
P M A 142.4 27-1, 4849 of, rc |R A
P M A 27-2, 48-49 of. c |Rr A
P M A 27-3, 48-49 of. c |r A
P M A 146.8 21,CC c [R . A
p M A 146.8 281, 4445 of. c |RrR A
P M A 28-2, 44-45 of. c |Rr A
P M A 28-3, 44-45 c |R ARR
P M A 151.2 28,CC f. C R|R ARR
P M A 151.2 29-1, 3031 of. F |R AR R
P M A 292, 30-31 C R|R AR R
P M A 293, 30-31 R c |R ARR
P M A 155.6 29,CC c |r AR R
P M A 155.6 30-1, 36-37 of, C R[R AR R
P M A 30-2, 36-37 R C R|R ARR
P M A 30-3, 36-37 R C R A RR
P M A 160.0 30,CC R c _|Rr AR R
P M A 160.0 31T, 57-58 R c R A F R
P M A 31-2, 57-58 R c |r AF R
e e | N2 P M A 3143, 57-58 R c |r ACR
P M A 164.4 31,CC R FC |r A C
Hole 526C
M M A 330 1-1, 100 G R R r
st M A a5 1.cC AR
M M A 42.5 2-1, 42-43 RRR A R
2 M M A 2-2, 42-43 R R R A R F
Pliocene | early M M A 2.3, 42-43 R R R c R
NNI2 M M A 2.4, 42-43 R R c F
M M A 25,4042 |ef. R R A R c
M M A 26,4042 |cf. R R R c R
M M A 2.7, 40-42 R R c c
M M A 52.0 2,CC R R VoL R
Mio. late | NNII M M A 520 31,3031 R R R § F
G G LY 56.5 3,CC R R C F

Note: For abund A = abundant, 10 specimens/field; C = common, 1-10 specimens/field; F = few, | specimen/1-10 fields; R = rare, 1 specimen/ 10 fields; r = very rare, probably
due to reworking or contamination (counts at 1000 x magnification). Designations '‘cf."" and *‘aff."” mean that a similar form occurs but no abundance is recorded. For preservation,
P = poor; M = moderate; G = good.

& R = Reticulofenestra.
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Table 4. (Continued).
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us rugosus, and D. quinqueramus. The assemblage re-
corded in this interval includes Amaurolithus delicatus,
A. primus, Coccolithus pelagicus, Calcidiscus leptop-
orus, D. broweri, D. pentaradiatus, D. surculus, D. va-
riabilis, Helicosphaera carteri, Pontosphaera sp., R.
pseudoumbilica, Rhabdosphaera clavigera, Scapholith-
us fossilis, Scyphosphaera spp., Sphenolithus abies, and
Syracosphaera pulchra. Triguetrorhabdulus rugosus has
its highest occurrence in Sample 526C-2-4, 42-43 cm in
this zonal interval.

Samples 526C-2,CC through 526C-3,CC contain D.
quingueramus and Amaurolithus sp. and belong to the
upper part of the late Miocene Zone NN11. Rare 4. am-
plificus are recorded only in 526C-3-1, 30-31 cm.

The calcareous nannofossils in Hole 526C are moder-
ately preserved.

Hole 527 (28°02.49’S, 01°45.80'E;
water depth: 4428 m)

Site 527 is the deepest site drilled during Leg 74. The
hole was drilled with conventional rotary coring. Sedi-
ments were cored from the top down to the Maestrich-
tian of the Upper Cretaceous. A major depositional hia-
tus was encountered between Samples 527-13,CC and
the top of Core 527-14. The missing section includes the
lower part of the middle Miocene through the upper Oli-
gocene. The calcareous nannofossils were studied above
the major hiatus for this hole. The results are document-
ed on Table 5. Special attention was given to the red clay
interval just above the hiatus, where the calcareous nan-
nofossil assemblages change very abruptly.

Samples 527-1-1, 29-31 cm through 527-2-1, 50-51
cm are Pleistocene in age. Because the entire interval
contains common Pseudoemiliania lacunosa and Calci-
discus macintyrei with rare Helicosphaera sellii, it is in-
cluded in the lower part of the earliest Pleistocene Zone
NNI19. Gephyrocapsa oceanica and G. caribbeanica are
not recorded below 527-1-6, 29-31 cm. Calcidiscus mac-
intyrei is rare at other shallower sites but is quite com-
mon at this deeper site.

The upper Pliocene is very thin in Hole 527. The late
Pliocene Zone NN18 is recognized only in Sample 527-
2,CC, based on the presence of Discoaster brouweri.
Very rare and poorly preserved D. pentaradiatus in this
sample are interpreted as reworked. Sample 527-3-1,
35-37 cm belongs to the late Pliocene Zone NN17, based
on the indigenous occurrence of D. pentaradiatus with-
out D. surculus. Coccolithus pelagicus becomes numeri-
cally significant in the nannofossil assemblage in this
sample and downward. The interval between Samples
527-3-1, 50-51 cm and 527-3-4, 35-37 cm is included in
the late Pliocene Zone NN16, based on the presence of
D. surculus without Reticulofenestra pseudoumbilica.
Discoaster tamalis has its highest occurrence in this zone
in Hole 527.

The interval between Samples 527-3-4, 50-51 cm and
527-5,CC is assigned to the early Pliocene Zone NNI135,
based on the common to abundant occurrence of R.
pseudoumbilica. Pseudoemiliania lacunosa (typical and
atypical) occurs throughout this zonal interval, whereas
Sphenolithus abies has its highest occurrence in 527-5-3,

580

50-51 cm in this zone. Also, H. carteri gradually gives
way to H. granulata within this zonal interval.

The early Pliocene Zone NN14 is recognized only in
Samples 527-6-1, 40-42 cm, where D. asymmetricus and
Amaurolithus delicatus co-occur. The interval between
527-6-2, 40-42 cm and 527-7-2, 60-62 cm is included in
the early Pliocene NN13-NN14 zonal interval, based on
the presence of Ceratolithus acutus and Ceratolithus sp.
cf. C. rugosus and on the absence of D. asymmetricus
and A. amplificus. Zones NN13 and NN12 remain un-
differentiated, because the lowest occurrence of the
poorly preserved C. rugosus is difficult to determine in
this interval. Typical A. tricorniculatus is not found,
but A. bizzarus has its highest occurrence in Sample
527-7-2, 60-62 c¢m in the lower part of this zonal inter-
val.

Discoaster quinqueramus is missing in Hole 527. The
Pliocene/Miocene boundary is tentatively located in
Sample 527-7,CC, where the highest occurrence of A.
amplificus is recognized. The interval between 527-7,CC
and 527-12,CC contains A. primus, A. delicatus, and A.
amplificus and belongs to the upper part of Zone NN11.
Small R. pseudoumbilica and A. bizzarus do not extend
down to the lower part of this interval. Below Core 11,
red clay gradually becomes dominant. This corresponds
to a minor assemblage change or, more specifically, to a
preservational change. Well-preserved D. calcaris, D.
variabilis, D. pentaradiatus, and D. brouweri become
abundant, and dissolution and fragmentation of other
coccoliths become more significant. Because of dissolu-
tion, neither H. granulata nor H. carteri is recorded
below Core 11, and Sphenolithus abies is no longer pres-
ent below Core 12.

Core 13 has very good recovery, but the red clay is
mostly barren of calcareous nannofossils. By selective
sampling of light-colored calcareous mottles in the clay,
common to abundant nannofossil assemblages were dis-
covered. The entire Core 13 was therefore investigated
with very closely spaced samples. The results reveal that
these light-colored calcareous mottles scattered within
the red clay are in-place materials. Core 13 contains sev-
eral calcareous nannofossil zones. Section 527-13-1,
top, to Section 527-13-1, 10 or 15 cm could belong to the
lower part of Zone NN11. The lowest occurrence of A.
primus is traced down to Section 527-13-1, 5 cm, where-
as the highest occurrence of D. neohamatus is recorded
in 527-13-1, 10 cm. Abundant Minylitha convallis occur
throughout this interval and downward.

The NN10/NN11 boundary is difficult to determine.
The interval between Sections 527-13-1, 15 to 20 cm and
527-13-1, 50 cm could belong to the late Miocene Zone
NN10. The assemblages are characterized by the enrich-
ment of very well-preserved D. brouweri, D. neohama-
tus, D. calcaris, and D. variabilis, with rare D. bellus.
Other important species present are exclusively solution-
resistant forms, such as R. pseudoumbilica (large), Cal-
cidiscus macintyrei, M. convallis, and Triguetrorhabdu-
lus rugosus.

The interval between Sections 527-13-1, 63 cm and
527-13-5, 44 cm is assigned to the middle Miocene Zone
NN9, based on the total range of D. hamatus. The main



components of the assemblage are not greatly different
from those of the overlying Zone NN10. Discoaster bel-
{us and the transitional form between D. calcaris and D.
exilis become more significant in this zone. Discoaster
neohamatus and D. pentaradiatus were no longer recov-
ered below Section 527-13-1, 83 cm. Well-preserved Cat-
inaster coalitus and C. calyculus, on the other hand,
first appear below Section 527-13-3, 83 cm. Minylitha
convallis is still abundant in the upper part of this zone
but becomes rare and disappears in the lower part.

Sections 527-13-5, 66 cm to 527-13-6, 129 ¢cm are in-
cluded in the middle Miocene Zone NN8, based on the
occurrence of C. coalitus and C. calyculus and on the
absence of D. hamatus. Well-preserved D. exilis and D.
variabilis with rare D. brouweri are the main discoaster
components in this interval. Typical D. kugleri, how-
ever, is not recorded.

Samples 527-13-7, 40-41 cm and 527-13,CC are bar-
ren of calcareous nannofossils. These represent the ex-
treme of the red clay development. Next, the interval
between 527-14-1, 28-29 cm and 527-14-3, 28-29 cm
(or lower) contains an assemblage completely different.
Among the species included are Coccolithus pelagicus,
D. deflandrei, D. tanii, Dictyococcites bisectus, Sphe-
nolithus moriformis, H. compacta, and S. predistentus,
which indicates the early Oligocene Zone NP23. Because
of reworking or mixing, rare species ranging from Eo-
cene to earliest Oligocene were also observed in the up-
per part of this interval. They are R. umbilica, D. sai-
panensis, D. barbadiensis, and Cyclococcolithus formo-
Sus.

Except for the pure red clay interval, the abundant
Neogene and Quaternary coccoliths and the Neogene
discoasters recovered in Hole 527 are moderately to
poorly preserved. Dissolution and fragmentation of pla-
coliths and recrystallization of discoasters increase down-
hole. Below Core 11, where the red clay lithology be-
comes more dominant, dissolution and fragmentation
increase. Species not resistant to dissolution disappear
from the assemblages. The solution-resistant discoasters
become enriched and appear well preserved. Core 13
represents the extreme of this phenomenon, because the
well-preserved discoasters are so enriched that they dom-
inate entire assemblages.

Hole 528 (28°31.49'S, 02°19.44'E;
water depth: 3800 m)

Hole 528 was drilled with conventional rotary coring.
Core 1 sampled the topmost layer of the sediment. Con-
tinuous cores were taken from 122.0 meters sub-bottom.
Quaternary and Neogene calcareous nannofossils were
recovered in the six cores of this hole. A checklist of
these Quaternary and Neogene calcareous nannofossils
is given in Table 6.

Core 1 is Pleistocene in age. Sample 528-1-1, 20-21
cm belongs to the late Pleistocene Zone NN20, based on
the occurrence of Gephyrocapsa caribbeanica and G.
oceanica and on the absence of Pseudoemiliania lacu-
nosa. Then the interval between 528-1-2, 20-21 cm and
528-1,CC is included in the early Pleistocene Zone
NNI19, based on the occurrence of P. lacunosa. Gephy-

CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

rocapsa caribbeanica and G. oceanica are abundant
throughout this interval.

The interval between Core 2, top, and Section 528-3-1,
117 cm belongs to the NN5-NN4 zonal interval of the
Miocene, based on the total range of Sphenolithus het-
eromorphus. The assemblage includes Coccolithus pe-
lagicus, Cyclicargolithus floridanus, Calcidiscus leptop-
orus, Discoaster deflandrei, D. exilis, D. variabilis, S.
heteromorphus, and S. moriformis. Discoaster exilis
and other Discoaster species are common only above
Sample 528-3-1, 23-24 cm, whereas D. deflandrei be-
comes consistently abundant below Section 528-3-1, 117
c¢cm. The NN5/NN4 boundary (i.e., the middle/early
Miocene boundary) is therefore located in Section 528-
3-1 between 23-24 cm and 117 cm. Within Zone NNS5,
sediments derived from slumping and reworking were
recognized. The reworked species indicate an age rang-
ing from the early Oligocene to middle Eocene. The as-
semblage recovered in Sample 528-2,CC is typical of the
middle Eocene Zone NP14.

The interval between 528-3,CC and Section 528-4-3,
110 ¢cm is included in the early Miocene Zone NN3, based
on the total range of S. belemnos. Next below, the inter-
val between Sections 528-4-3, 31 cm and 528-4-4, 67 cm
is the early Miocene Zone NN2, based on the absence of
typical S. belemnos and the rare presence of Discoaster
sp. aff. D. druggii.

The long interval between Samples 528-4-5, 25-26 cm
and 528-6,CC belongs to the early Miocene Zone NNI,
based on the absence of Discoaster sp. aff. D. druggii
and S. ciperoensis. In this zonal interval Calcidiscus lep-
toporus becomes atypical. It eventually disappears in
the lower part of this zone. Also, Reticulofenestra pseu-
doumbilica is not recorded below 528-4,CC. In the
lower part of this zone, Dictyococcites bisectus has its
highest occurrence in Sample 528-6-1, 40-41 cm, and
aff. Dictyococcites dictyodus has its highest occurrence
in 528-6-2, 40-41 cm. Sphenolithus delphix has a very
short stratigraphic range and is restricted to the lower
part of Zone NN1. Sphenolithus capricornutus was not
recorded in Hole 528.

The top of the Oligocene is placed in Sample 528-7-1,
10-12 cm, where the highest occurrence of S. ciperoen-
sis is recorded. The first downhole appearance of Chi-
asmolithus altus is found in 528-7-2, 30-32 cm, where
rare Ericsonia fenestrata are observed. Perhaps because
of the depth of the site, Helicosphaera recta and H.
perch-nielseniae are not recovered in the upper Oligo-
cene of Hole 528.

The preservation of calcareous nannofossils in Core 1
is moderate. In the Miocene and upper Oligocene inter-
val, the state of preservation becomes moderate to poor.
Dissolution and overgrowth are so extensive that small
coccoliths are totally eliminated, and discoasters and
other solution-resistant coccoliths are strongly over-
grown.

Hole 528A (28°31.16’S; 02°18.97'E;
water depth: 3815 m)

Hole 528A was drilled with hydraulic piston coring.
Sediments were continuously cored from 0 to 130.5 me-
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Table 5. (Continued).
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Table 6. Nannofossil distribution at Hole 528, DSDP Leg 74.
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ters sub-bottom to recover the interval of coring gap of
Hole 528. A major hiatus was observed between Sample
528A-28,CC and Core 528A-29, top. The entire lower
Miocene and the lower part of the middle Miocene are
missing in this hole, which is not compatible with Hole
528. A checklist of the calcareous nannofossil distribu-
tion of the entire Hole 528A is given in Table 7.

Sample 528A-1-1, 28-29 cm is assigned to the late
Pleistocene Zone NN20, based on the common occur-
rence of Gephyrocapsa oceanica and G. caribbeanica in
the absence of Pseudoemiliania lacunosa. The presence
of Emiliania huxleyi in this sample is not confirmed.
Samples 528A-1-1, 120-122 cm through 528A-5-3, 19-
20 cm belong to the early Pleistocene Zone NN19, based
on the presence of P. lacunosa together with G. oceanica
and G. caribbeanica. Calcidiscus macintyrei, a species
no younger than 1.51 m.y. (Gartner, 1977), is present
throughout this interval,

The interval between Samples 528A-5-4, 19-20 cm
and 528A-6-3, 19-20 cm is assigned to the late Pliocene
Zone NN18, based on the few to common occurrences
of Discoaster brouweri. Gephyrocapsa oceanica and G.
caribbeanica are not present in this zone. The rare oc-
currence of D. pentaradiatus in this interval is interpret-
ed as redeposited because of their poor preservation.
Helicosphaera granulata becomes common in this zonal
interval of Hole 528A. The interval between Sections
528A-6-3, 111 cm and 528A-7-2, 100 cm belongs to the
late Pliocene Zone NN16, based on the occurrence of D.
surculus together with D, pentaradiatus and D. brouweri
in this interval. Discoaster tamalis and D. asymmetricus
have their highest occurrences in the lower part of the
zone. Zone NNI17 apparently is not developed in this
hole. It is unclear whether this represents a minor hiatus,
whether the sampling intervals are not close enough, or
whether the marker species were excluded from this area.

The interval from Sample 528A-7-3, 40-41 cm to Sec-
tion 528A-11-3, top, is assigned to the early Pliocene
Zone NN15 because of the presence of Reticulofenestra
pseudoumbilica in the absence of Amaurolithus delica-
tus. Both large and small R. pseudoumbilica are traced
up to Sample 528A-7-3, 40-41 cm, whereas Sphenolith-
us abies has its highest occurrence in Sample 528A-10,
CC, in the lower part of Zone NN15. Pseudoemiliania
lacunosa is present throughout this zonal interval. It is,
however, atypically small in the lower part of this zone
and is not recorded in the underlying zone.

The interval between Samples 528 A-11,CC and 528A-
13-2, 63-64 cm is included in the early Pliocene Zone
NN14, based on the co-occurrence of D, asymmetricus
and A. delicatus. Discoaster tamalis has its lowest oc-
currence in this zone. The single Sample 528A-13-3,
63-64 cm is assigned to the early Pliocene Zone NN13,
based on the presence of Ceratolithus rugosus in the ab-
sence of D. asymmetricus. In the same sample, rare A.
tricorniculatus and the highest occurrence of 4. biz-
zarus are recorded.

The interval between Section 528A-13-4, base, and
Sample 528A-14-2, 51-52 cm represents the Pliocene/
Miocene Zone NN12 transition, based on the absence of
the Pliocene Ceratolithus sp. and the typical Miocene A.

CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

amplificus. Discoaster variabilis first appears in the low-
er part of Zone NN15 and suddenly becomes important
in the assemblage in this zone.

The Miocene top is tentatively placed in Sample 528A-
14,CC, where the highest occurrence of typical 4. am-
plificus is recorded. Because of the depth of the site, D.
quingueramus, index species for the late Miocene Zone
NN11, is extremely rare in the upper Miocene of this
hole. The interval between 528A-14,CC and 528A-23,CC
belongs to the upper part of the late Miocene Zone NNI11
because of the consistent presence of Amaurolithus sp.
and the absence of D. neohamatus. Discoaster surculus,
A. bizzarus, and H. granulata (dissolution effect?) do
not extend down to the lower part of this interval,
whereas Triquetrorhabdulus rugosus first occurs spo-
radically in this interval. Small R. pseudoumbilica are
still common to abundant in this entire interval. They
are, however, no longer recorded below Core 23.

The interval between Sample 528A-24-1, 70-71 cm
and 528A-25,CC is included in the lower part ot the late
Miocene Zone NN11 or Zone NN10, based on the ab-
sence of Amaurolithus sp. and D. hamatus. Discoaster
neohamatus and Minylitha convallis have their highest
occurrences in Sample 528A-24-1, 70-71 cm. This entire
interval is characterized by the common presence of M.
convallis, D. variabilis, and D. brouweri with long slen-
der rays, together with D. neohamatus. Discoaster bel-
lus has it highest occurrence in 528A-25-3, 59-60 cm in
this interval. Because of the scarcity of D. quinquera-
mus, the NN11/NN10 boundary can not be identified
with certainty in this hole.

The total range of D. hamatus, recorded from Sec-
tion 528A-26-1, 50 cm to Sample 528A-27-2, 38-39 cm,
places this interval into the middle Miocene Zone NN9.
Minylitha convallis remains very abundant in the upper
part of this interval and disappears in the underlying
Zone NN8. Discoaster pentaradiatus is missing below
Sample 528A-26-1, 50 cm. Discoaster neohamatus has
its lowest occurrence and Catinaster calyculus has its
highest occurrence in the same core, in Sample 528 A-26-
3, 54-56 cm, Discoaster bellus, on the other hand, has
the same lowest occurrence as D, hamatus in Core 27 in
Sample 528A-27-2, 38-39 cm.

Sample 528A-27-2, 150 cm to Sample 528A-27,CC is
included in the middle Miocene Zone NN8, based on the
occurrence of C. calyculus and C. coalitus in the absence
of D. hamatus. Discoaster variabilis, D. exilis, and rare
D. brouweri are the main discoaster components in this
interval. Discoaster exilis is not observed above this
zone in this hole. The interval between Sample 528 A-28-
1, 58 cm and Sample 528A-28,CC is assigned to the mid-
dle Miocene Zone NN7, based on the absence of C. caly-
culus and C. coalitus. Other species components are al-
most identical to the overlying Zone NN8, except for the
first downhole occurrence of D. deflandrei in this inter-
val. Typical D. kugleri, the index species for Zone NN7,
is absent. Some specimens of Coronocyclus nitescens
and Cyclicargolithus floridanus were found in Sample
528A-28,CC, which might indicate an age of the middle
Miocene Zone NN6 or the fact of reworking from inter-
vals of older age.
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Table 7. Nannofossil distribution at Hole 528A, DSDP Leg 74.
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Table 7. (Continued).
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Table 7. (Continued).
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Other | Overall | below Section §==§§‘§E§§§§§§§§§:“§E§E‘a Egg
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1]
M M A 90.9 22-1, 40-41 R R R C R C R
M M A ‘ 22-2, 40-41 R R C R F R
M M A 22-3, 40-41 R C R F R
M M A 95.3 22,CC R R C R F R
M M A 953 23-1, 40-41 R R C R C R
NN11 M M A | 23-2, 40-41 R R C R A R
late M M A 23-3, 40-41 R R C R F
Miocene M M A 99.7 23,CC R C F F R
M M A 99.7 24-1, 70-71 C R c cf
M M A | 24-1, 112 C R C
I | M A 104.1 24,CC _________E_B___‘_________C__'_ ______ I
M M A 104.1 25-1, 59-60 C R C
NN10 M M A 25-2, 59-60 C R C
M M A 25-3, 59-60 C R C R
M M A 108.5 | 25,CC C C R
M M A 108.5 26-1, 50 C R F R
M M A | 26-2, 54-56 C £ F
NN9 M M A 112.9 26-3, 54-56 CRR C C
M M A 1129 27-1, 38-39 CRR F
M M A 27-2, 38-39 CRR C R
middle M M A ’ 27-2, 150 CRFR C
Miseens NN8 M M A 27-3, 38-39 CRFR C
M P A 117.3 27,CC C F R F
M P A 117.3 28-1, 58 C C T
NN7 M P A | 28-1, 108 [ C
P P A 121.7 28,CC C R C R C
P M A 121.7 29-1, 20 [ R A C
late NP25 | P M A 126.1 | 29-1, 131 R A [R A C
Oligo. P M A 126.1 30-1, 147 R A R A C
NP24 P M A 130.5 30,CC R C R A F

Note: For abundance, A = abundant, 10 specimens/field; C = common, 1-10 specimens/field; F = few, 1 specimen/1 10 fields; R = rare, 1 specimen/10 fields; r = very rare,
probably due to reworking or contamination (counts at 1000 x magnification). Designation *‘cf.”” means that a similar form occurs but no abundance is recorded. For pres-
ervation, P = poor; M = moderate; G = good. The dotted line indi a zonal boundary of uncertainty.

2 R = Reticulofenestra.

A sharp assemblage change occurs between Sample
528A-28,CC and Section 528A-29-1, 20 cm. The inter-
val between 528A-29-1, 20 cm and 528A-30-1, 147 cm is
typical of the late Oligocene Zone NP25, based on the
consistent presence of S. ciperoensis. Other components
in the assemblage are Coccolithus pelagicus, Coronocy-
clus nitescens, Cyclicargolithus floridanus, Dictyococci-
tes bisectus, Discoaster deflandrei, S. moriformis, Zyg-
rahablithus bijugatus, and rare Chiasmolithus altus.
Next, a few S. distentus, recorded in Sample 528A-30,
CC, place this sample in the late Oligocene Zone NP24.
Obviously a major hiatus occurs in the interval between
528A-28,CC and 528A-29-1, 20 cm. The entire early
Miocene and part of the middle Miocene are missing.
This result, however, is not comparable to the same
depth interval in Hole 528. Another possibility is that
the entire late Oligocene in Cores 29 and 30 is reworked
material because of slumping, which occurs in the
NN6-NN7 zonal interval of the middle Miocene. This
problem cannot be resolved, because no further cores
were taken in this hole.

The preservation of calcareous nannofossils recov-
ered in Hole 528A ranges from moderate to poor. The
Pleistocene to upper Miocene sediment in general yield
moderately preserved nannofossils. Dissolution and re-
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crystallization of placoliths increase downhole, whereas
discoasters in this interval show moderate overgrowth.

Below Sample 528A-23,CC, where the color of the
sediments changes sharply, the state of preservation of
nannofossils also deteriorates significantly. Most species
are strongly etched or fragmented. Small specimens are
totally eliminated. By contrast, the discoasters remain
unaffected or show a slight increase in number. Preser-
vation improves in Core 28, where large placoliths and
discoasters show moderate overgrowth.

The nannofossils from the upper Oligocene of this
hole show moderate to poor preservation. Both discoas-
ters and coccoliths show strong overgrowth.

Hole 529 (28°55.83'S, 02°46.08 'E;
water depth: 3035 m)

Only one hole was drilled at Site 529. Hole 529 was
drilled with conventional rotary coring. Though this
hole is located between Sites 525 and 528, the sedimen-
tary sequence recovered in the Neogene and Quaternary
does not show a transition between the two. A hiatus oc-
curs between Cores 4 and 5, where the lower Pliocene is
underlain by the middle Miocene. Three apparent slump
deposits were observed in the Neogene and Quaternary
interval: one occurs in the early Pleistocene (NN19), one



Table 7. (Continued).
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in the upper part of the early Miocene, and one in the
basal Miocene. Table 8 represents the Neogene and Qua-
ternary calcareous nannofossil distribution of Hole 529.

Section 529-1-1, top, through Sample 529-1-1, 40-41
cm contains abundant Emiliania huxleyi, with some
Gephyrocapsa oceanica, and belongs to the latest Pleis-
tocene Zone NN21. Section 529-1-1, 150 cm contains
abundant Gephyrocapsa caribbeanica and G. oceanica,
without Pseudoemiliania lacunosa and E. huxleyi, and
belongs to the late Pleistocene Zone NN20. The top of
the early Pliocene Zone NN19 is located in Sample 529-
1-2, 40-41 cm, where the highest occurrence of P,
lacunosa is recorded. Zone NN19 extends down to Sam-
ple 529-2-6, 40-41 cm. Within Zone NN19, the subinter-
val between Sections 529-1-2, 73 cm and 529-2-2, 150
cm, however, consists of redeposited sediment. The nan-
nofossil assemblages recovered from this interval are
middle Pliocene (NN14-NN16).

The upper Pliocene is very thin in Hole 529. Zone
NNI18 is recorded only in Sample 529-2,CC, where the
highest occurrence of Discoaster brouweri is found. Ge-
phyrocapsa oceanica and G. caribbeanica are not found
in Core 2. The next sample, 529-3-1, 30-31 cm, belongs
to the late Pliocene Zone NN16, based on the occur-
rence of D. surculus with D. pentaradiatus and D.
asymmetricus. Zone NN17 is apparently missing. It is
uncertain whether this zone is cut out by a minor hiatus

or whether it is contained in the interval within adjacent
samples.

The interval between Samples 529-3-1, 30-31 cm and
529-4-6, 40-41 cm is included in the early Pliocene Zone
NN15, based on the abundance of Reticulofenestra pseu-
doumbilica (both large and small forms). Pseudoemilia-
nia lacunosa is still quite common in this interval. Disco-
asters recorded in this zone are D. brouweri, D. pentara-
diatus, D. surculus, D. tamalis, D. asymmetricus, D. va-
riabilis, and D. intercalcaris. The next sample, 5294,CC,
belongs to the early Pliocene Zone NN14, based on the
presence of Amaurolithus delicatus. Sphenolithus abies
has its highest occurrence in this sample, too. At other
sites of DSDP Leg 74 S. abies extends upward to the
lower part of zone NN15, and therefore a minor hiatus
(or a sampling gap?) is inferred between Samples 529-4-6,
40-41 cm and 529-4,CC.

Core 5 has very poor recovery. Samples from Section
1 and the core catcher contain Catinaster calyculus and
C. coalitus and belong to the middle Miocene Zone
NNS8. Other important species included in the assemblage
are Coccolithus pelagicus, Craspedolithus declivus (? =
Cyclococcolithus rotula), Calcidiscus leptoporus, D.
brouweri (the uppermost sample only), D. variabilis,
Helicosphaera granulata, R. pseudoumbilica (large form
only), S. abies, and Triquetrorhabdulus rugosus. Obvi-
ously, a major hiatus occurs between Core 4 and the top
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Table 8. (Continued).

Overall
Preservation

Other
Cocco-
liths

Core-
Section
(interval
in cm)

Depth

Overall
Abun-
dance

Seafloor
(m)

Disco-

Zonation asters

Amaurolithus amplificus
Amaurolithus bizzarus

Amaurolithus tricorniculatus

Angulolithina arca

aff. Dictyococcites dictyodus

Cyelicargolithus floridanus
Discoaster asymmelricus

Dictyococcites bisectus

Braarudosphaera bigelowi
Catinaster calyculus
Catinaster coalitus
Ceratolithus acutus
Ceratolithus cristatus
Ceratolithus rugosus
Ceratolithus telesmus
Chiasmolithus altus
Coccolithus pelagicus s.1.
Coccolithus orangensis
Craspedolithus declivis
Cricolithus jonesii

Amaurolithus delicatus
Calcidiscus macintyrei

Amaurolithus primus

75.0
75.0

8,CC

9-1, 30-31
9-2, 30-31
9-3, 30-31
9-4, 30-31
9-5, 30-31
9-6, 30-31
9-7, 30-31
.5 9,CC

NN2

.S 10-1, 30-31
10-2, 30-31
10-3, 30-31
10-4, 30-31
10,cc |
11-2, 30-31
11-2, 110
11-2, 126
11-3, 30-31
11-4, 30-31
11-5, 30-31
11-6, 30-31
11-7, 30-31
11,CC

early
Miocene

NN1

103.5

103.5 12-1, 30-31
12-2, 30-31
12-3, 30-31
12-4, 30-31
12-5, 30-31

113.0 12,CC

113.0 13-1, 30-31
[ 13-2, 30-31
| 13:3, 30-31
| 13-4, 30-31
13-5, 30-31
13-6, 30-31
13-7, 30-31
13,CC

late

Oligo. NED
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/field; C = c

Note: For abundance, A = abundant, 10 sp

1-10 specimens/field; F = few, | specimen/1-10 fields; R = rare, | specimen/10 fields; r = very rare,

probably due to reworking or contamination (counts at 1000 x magnification). Designations ‘“‘cf.” and “'‘aff.”” mean that a similar form occurs but no abundance is record-
ed. For preservation, P = poor; M = moderate; G = good. Shaded areas indicate slumping.

8 R = Reticulofenestra.

of Core 5. The sediment representing the interval from
Zone NN9 through most the NN14 is missing.

Another significant assemblage change occurs in Core
6. Sections 529-6-1, 38 cm through 529-6-6, 100 ¢cm are
assigned to the middle Miocene Zone NN6, based on the
abundant occurrence of Cyclicargolithus floridanus. Al-
so, Coronocyclus nitescens, D. deflandrei, and D. exilis
have their first downhole occurrence in this zonal in-
terval. Calcidiscus macintyrei, on the other hand, does
not occur below this zone. Zone NN7 is not observed in
Hole 529, probably because of the poor recovery for
Core 5.

The highest occurrence of S. heteromorphus is traced
up to Section 529-6-6, 150 cm. The interval between Sec-
tion 529-6-6, 150 cm and Sample 529-6,CC is included
in the middle Miocene Zone NNS5, based on the occur-
rence of S. heteromorphus with common D. exilis and
D. variabilis. Though D. deflandrei is present in this in-
terval, it is quantitatively insignificant.
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The interval between Samples 529-7-1, 65-66 cm and
529-8-3, 66 cm is attributed to the early Miocene Zone
NN4, based on the co-occurrence of S. heferomorphus
with common D. deflandrei. Discoaster exilis and D.
variabilis are no longer present in this interval. Within
the NN4 zone, the short interval between Section 529-
7-5, 114 cm and Sample 529-8-2, 30-31 cm consists of
redeposited sediments. The nannofossil assemblage re-
corded from this subinterval indicates early Miocene
Zone NN3, based on the occurrence of S. belemnos in
the absence of S. heteromorphus. (The possibility that
this inferred redeposited sequence was induced by cor-
ing cannot be precluded, because the site was cored by
rotary drilling rather than hydraulic piston coring.)

The interval between Samples 529-8-4, 30-31 cm and
529-8-6, 30-31 cm is assigned to the early Miocene Zone
NN3, based on the total range of S. belemnos. The in-
terval between Samples 529-8-7, 30-31 cm and 529-9-5,
30-31 cm is the early Miocene Zone NN2, based on the
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absence of S. belemnos and the presence of Discoaster
sp. aff. D. druggii. Sphenolithus sp. aff. S. belemnos
(? =S. dissimilis), however, still occurs sporadically. Re-
ticulofenestra pseudoumbilica, on the other hand, is no
longer recorded below the upper part of this zonal inter-
val in this hole.

The long interval between Samples 529-11-2, 30-31
cm and 529-13-4, 30-31 cm is included in the early Mio-
cene zone NN1, based on the absence of Discoaster sp.
aff. D. druggii and S. ciperoensis. Calcidiscus leptopor-
us is not recorded below the upper part of this interval.
In the lower part of this interval, Dictyococcites bisectus
aff. D. dictyodus and Zygrahablithus bijugatus have
their highest occurrences in Sample 529-12-1, 30-31 cm.
Sphenolithus delphix and S. capricornutus have very
short ranges and are restricted to the lower part of Zone
NNI1 in Hole 529. In the upper part of the NN1 zonal in-
terval, Dictyococcites bisectus, D. dictyodus, and Z. bi-
Jugatus, together with rare S. ciperoensis, consistently
occur between Sample 529-10-2, 30-31 cm and Section
529-11-2, 110 cm. Such a nannofossil distribution sug-
gests that this short sub-interval is represented by rede-

posited sediments from the latest Oligocene/earliest
Miocene boundary.

The top of the Oligocene is placed in Sample 529-13-
5, 30-31 cm, where the highest occurrence of S. cipero-
ensis is recorded. A little downward, the highest occur-
rence of Chiasmolithus altus is found in Sample 529-13-
6, 30-31 cm, whereas the highest occurrence of Ericso-
nia fenestrata is located in 529-13-7, 30-31 cm. Prob-
ably because of the depth of site, neither Helicosphaera
recta nor H. perch-nielseniae are recovered in the late
Oligocene of Hole 529.

The preservation of the calcareous nannofossils re-
covered in Hole 529 is generally moderate, Dissolution
and recrystallization of placoliths increase downhole.
Discoasters are moderately preserved in the Pliocene.
However, they show overgrowth in the entire Miocene,
so that their recognizable diversity is very low within
that interval.

REMARKS ON SELECTED CALCAREOUS
NANNOFOSSIL TAXA

Most of the calcareous nannofossil species present in this study are
well documented elsewhere and need no discussion. The state of pre-
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servation of the calcareous nannofossils is only moderate, which dic-

tates a broader species concept during identification. This is especially

true for the early to middle Miocene (NN1-NN9) discoasters. Over-

growth rather than dissolution has strongly affected the primary

characters of this group of fossils, which has made precise identifica-

tion at the species level uncertain.

Amaurolithus amplificus (Bukry) Gartner and Bukry, 1975

Amaurolithus bizzarus (Bukry) Gartner and Bukry, 1975

Amaurolithus delicatus Gartner and Bukry, 1975

Amaurolithus primus (Bukry and Percival) Gartner and Bukry, 1975

Amaurolithus iricorniculatus (Gartner) Gartner and Bukry, 1975

Angulolithina arca Bukry, 1973

Braarudosphaera bigelowi (Gran and Braarud) Deflandre, 1947

Catinaster calyculus Martini and Bramlette, 1963

Catinaster coalitus Martini and Bramlette, 1963

Ceratolithus acutus Gartner and Bukry, 1974

Ceratolithus cristatus Kamptner, 1954

Ceratolithus rugosus Bukry and Bramlette, 1968 includes Ceratolithus
separatus Bukry, 1979

Ceratolithus telesmus Norris, 1965

Chiasmolithus altus Bukry and Percival, 1971

Coccolithus pelagicus (Wallich) Schiller, 1930 s. ampl.

Remarks. Coccolithus miopelagicus Bukry, 1971, is included with
C. pelagicus s. ampl. Coccolithus miopelagicus is, however,
much larger and is restricted to the middle and early Miocene.

Coronocyclus nitescens (Kamptner) Bramlette and Wilcoxon, 1967 in-

cludes Coronocyclus serratus Hay, Mohler and Wade, 1966

Coccolithus(?) orangensis Bukry, 1971
Cricolithus jonesii Cohen, 1965
Craspedolithus declivus (Kamptner) Nishida, 1970

Remarks. Cyclococcolithus rotula Kamptner, 1956, could be in-
cluded with the same taxon.

Cyclicargolithus floridanus (Roth and Hay) Bukry, 1971
Calcidiscus leptoporus (Murray and Blackman) Kamptner, 1954

Remarks. Coccolithus radiatus Kamptner, 1955 might be included
in this taxon. Typical Calcidiscus leptoporus first occurs in the
NN2-NN3 zonal interval of DSDP Leg 74. Many circular
forms which look like small C. leptoporus, however, occur in
the Oligocene/Miocene boundary interval. Some other forms
which are elliptical and occur in the Oligocene/Miocene
boundary interval could be reworked Striatococcolithus pacifi-
canus Bukry, 1971, though superficially they look like C. lep-

y toporus in the light microscope.
Calcidiscus macintyrei Bukry and Bramlette, 1969
Dictyococcites bisectus (Hay, Mohler, and Wade) Bukry and Percival,

1971.

Remarks. Dictyococcites abisectus (Miiller) Bukry and Percival,
1971, with a central opening, is considered as a later form of D.
bisectus and is included with that same taxon here,

aff. Dictyococcites dictyodus (Deflandre and Fert) Martini, 1969 is the
same as ‘Reticulofenestra lockeri Miiller, 1970

Discoaster asymmetricus Gartner, 1969

Discoaster bellus Bukry and Percival, 1971

Discoaster brouweri Tan, 1927

Remarks. Discoaster triradiatus Tan, 1927, D. blackstockae Bukry,
1973, D. neorectus Bukry, 1971, D. brouweri rutellus Gartner,
1967, and D. braarudii Bukry, 1973, are included with D. brou-
weri because, owing to poor preservation or to general scarcity,
these similar species cannot be consistently identified or used
for biostratigraphy.

Discoaster calcaris Gartner, 1967
Discoaster decorus Bukry, 1971
Discoaster deflandrei Bramlette and Riedel, 1954, s. ampl.

Remarks. Because of heavy overgrowth of the discoasters in the
middle and lower Miocene, identification of a number of spe-
cies is impractical. Forms common in the lower Miocene (and
less common in middle Miocene) which may be included in
Discoaster deflandrei s. ampl. are

Discoaster adamanteus Bramlette and Wilcoxon, 1967
Discoaster calculosus Bukry, 1971

Discoaster druggii Bramlette and Wilcoxon, 1967
Discoaster nephados Hay, 1967

Discoaster saundersii Hay, 1967

Discoaster trinidadensis Hay, 1967
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Discoaster sp. aff. D. druggii Bramlette and Wilcoxon, 1967
Discoaster exilis Martini and Bramlette, 1963

Discoaster hamatus Martini and Bramlette, 1963

Discoaster intercalcaris Bukry, 1971

Discoaster neohamatus Bukry and Bramlette, 1969
Discoaster pentaradiatus Tan, 1927

Remarks. This taxon may include its earlier form Discoaster pre-
pentaradiatus Bukry and Percival, 1971

Discoaster quingueramus Gartner, 1969

Remarks. Discoaster berggrenii Bukry, 1971, is included with D.

quingueramus in this study.
Discoaster signus Bukry, 1971
Discoaster surculus Martini and Bramlette, 1963

Remarks. This taxon includes Discoaster icarus Stradner, 1972, or
D. pseudovariabilis Bukry and Worsley, 1971. Typical D. sur-
culus is most common in the Pliocene, whereas D. icarus and
D. pseudovariabilis are typically present in the upper Miocene
interval.

Discoaster tamalis Kamptner, 1967
Discoaster variabilis Martini and Bramlette, 1963, s. ampl.

Remarks. This taxon includes
Discoaster aulakos Gartner, 1967
Discoaster bollii Martini and Bramlette, 1963
Discoaster challengeri Bramlette and Riedel, 1954
Discoaster divaricatus Hay, 1967
Discoaster kugleri Martini and Bramlette, 1963
Discoaster loeblichii Bukry, 1971
Discoaster moorei Bukry, 1971
Discoaster pansus (Bukry and Percival) Bukry, 1973

Discolithina ovata Levin and Joerger, 1967

includes Discolithina segmentata Bukry and Percival, 1971
Emiliania huxleyi (Lohmann) Hay and Mohler, 1967
Gephyrocapsa caribbeanica Boudreaux and Hay, 1967
Gephyrocapsa oceanica Kamptner, 1943

Remarks. This taxon may include Gephyrocapsa lumina Bukry,
1973 and G. omega Bukry, 1973. These two forms are, how-
ever, very rare in the samples studied.

Gephyrocapsa spp. (small)

Remarks. Gephyrocapsa aperta Kamptner, 1963, could be the
dominant form of this group.

Hapyaster perplexus (Bramlette and Riedel) Bukry, 1973
Helicosphaera carteri (Wallich) Kamptner, 1954

includes Helicopontosphaera kamptneri Hay and Mohler, 1967

Remarks. This taxon includes Helicosphaera wallichi (Lohmann)
Okada and Mclntyre, 1977, of the Quaternary.

Helicosphaera granulata (Bukry and Percival) Jafar and Martini, 1975

Remarks. Because of dissolution and recrystallization, Helico-
sphaera carteri can appear like H. granulata and may be identi-
fied as this taxon. This is especially the case in the Miocene in-
terval. For this same reason H. infermedia Martini, 1965, and
H. euphratis (Haq) Jafar and Martini, 1975, are included with
H. granulata,

Helicosphaera obliqua Bramlette and Wilcoxon, 1967
Helicosphaera perch-nielseniae (Haq) Jafar and Martini, 1975
Helicosphaera recta (Haq) Jafar and Martini, 1975
Helicosphaera recta (Haq) Jafar and Martini, 1975
Helicosphaera sellii (Bukry and Bramlette) Jafar and Martini, 1975
Minylitha convallis Bukry, 1973
Pontosphaera japonica (Takayama) Nishida, 1971
Pontosphaera spp.
Pseudoemiliania lacunosa (Kamptner) Gartner, 1969
Reticulofenestra pseudoumbilica (Gartner) Gartner, 1969
Rhabdosphera calvigera Murray and Blackman, 1898
includes Rhabdosphaera stylifera Lomann, 1902
Scapholithus fossilis Deflandre, 1954
Scyphosphaera spp.

Remarks. Various forms of Scyphosphaera were found during this
study. They are especially common in the lower Pliocene and
the uppermost Miocene intervals of Site 525. Species of this
genus are not resistant to dissolution; therefore they are very
rare or even missing in the same interval of other sites (deeper
sites). Detailed taxonomic work of this genus is not attempted
in this study. Members of this group are documented as Scy-
phosphaera spp.



Sphenolithus abies Deflandre, 1954

Remarks. Sphenolithus neoabies Bukry and Bramlette, 1969, is in-
cluded with S. abies.

Sphenolithus belemnos Bramlette and Wilcoxon, 1967

Remarks. Species documented as aff. Sphenolithus belemnos in
the tables could be S. dissimilis Bukry and Percival, 1971.

Sphenolithus capricornutus Bukry and Percival, 1971

Sphenolithus ciperoensis Bramlette and Wilcoxon, 1967
Sphenolithus heteromorphus Deflandre, 1953

Sphenolithus moriformis (Bronnimann and Stradner) Bramlette and

Wilcoxon, 1967

Remarks. Sphenolithus conicus Bukry, 1971, is included in the
same taxon. Differentiation between S. abies and S. morifor-
mis is in fact very difficult in the middle Miocene interval.

Sphenolithus distentus (Martini) Bramlette and Wilcoxon, 1967
Sphenolithus delphix Bukry, 1973

Syracosphaera pulchra Lohmann, 1902

Thoracosphaera spp.

Remarks. Species of this genus occur sporadically throughout the
Neogene and Quaternary. They are more common in younger
sediments. Detailed taxonomic study of this group is not at-
tempted in this study.

Triquetrorhabdulus carinatus Martini, 1965
Triguetrorhabdulus milowii Bukry, 1971

Remarks. This species seems to occur in the lower Miocene of the
studied area. Strong overgrowth, however, makes identifica-
tion of this species difficult.

Triquetrorhabdulus rugosus Bramlette and Wilcoxon, 1967
Umbilicosphaera mirabilis Lohmann, 1902
Zygrahablithus bijugatus (Deflandre) Deflandre, 1959

Various reworked species were found also in some intervals. They
are
Chiasmolithus grandis (Bramlette and Riedel) Radomski, 1968
Chiphragmalithus sp.
Cyclococcolithus formosus Kamptner, 1963
Cyclococcolithus gammation (Bramlette and Sullivan) Sullivan, 1964

CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

Discoaster barbadiensis Tan, 1927

Discoaster lodoensis Bramlette and Riedel, 1954

Discoaster sublodoensis Bramlette and Sullivan, 1961

Discoaster tanii Bramlette and Riedel, 1954

Ericsonia sp. cf. E. fenestrata (Deflandre and Fert) Stradner, 1968
Neococcolithes dubius (Deflandre and Fert) Black, 1967
Reticulofenestra umbilica (Levin) Martini and Ritzkowski, 1968
Sphenolithus distentus (Martini) Bramlette and Wilcoxon, 1967
Sphenolithus predistentus Bramlette and Wilcoxon, 1967
Sphenolithus radians Deflandre, 1952

Wiseorhabdus inversus (Bukry and Bramlette, 1969) Bukry, 1981
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