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INTRODUCTION

Cretaceous sediments were recovered at all four sites
(Sites 463-466) of the central North Pacific drilled dur-
ing Leg 62 of the Deep Sea Drilling Project. One of the
objectives was to get more information about the devel-
opment of ocean plankton communities and early
evolution of planktonic groups of the Mesozoic. In this
article, the Cretaceous calcareous nannofossils from
two areas of the central North Pacific (Mid-Pacific
Mountains and Hess Rise) are listed and discussed. (The
Cenozoic calcareous nannofossils are discussed by
R. Schmidt in this volume.) Figure 1 shows the
bathymetry and locations of Sites 463 to 466. One site
was drilled in the Mid-Pacific Mountains (Site 463) and
three (Sites 464, 465 and 466) on Hess Rise. Coring was
continuous at all sites. Mesozoic calcareous nan-
noplankton assemblages range on the Mid-pacific
Mountains from Barremian to Early Maastrichtian, and
on Hess Rise from Albian to Late Maastrichtian. (No
calcareous nannofossils older than Barremian or Albian
respectively were found.) The ages and the nanno-
plankton zone assignments of all drilled sites are shown
in Figure 2. The stratigraphic correlations among Sites
464 to 466 (Hess Rise) are shown in Figure 3.

Determination of the calcareous nannoplankton was
made with light microscopy on smear slides prepared
from samples which were partly treated with an ultra-
sonic apparatus. Species recognized in the samples are
listed in Table 1. Abundance and preservation of nan-
nofossils were estimated for all samples studied. Species
abundance was determined for all samples (except for
Site 463) and recorded in Tables 2 (back pocket, this
volume) to 6. Calcareous nannoplankton species are
listed in alphabetical order of species names on these
tables. The ranges of index calcareous nannofossils of
all sites are shown in Figures 4 to 7. On the same figures,
a correlation is given on the zonation used with the
zonation according to van Hinte (1976). The juxtaposi-
tion of the van Hinte (1976) zonation and the one used
in this paper enables one to better correlate the Cocco-
lith stratigraphy with the biozonations of other fossil
groups. The method utilized to express the abundance
of Coccolith specimens is a modification of the tech-
nique outlined in Hay (1970), Gartner (1972), and
Cepek (1978). Smear slides were viewed at a magnifica-
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tion of × 1560. Samples with more than 1 specimen per
field of view are listed as abundant (A); 1 specimen in 10
fields of view as common (C); 1 specimen in 50 fields of
view as few (F); 1 specimen in 100 fields of view as rare
(R); 1 specimen in 200 fields and more of view as very
rare (VR).

The samples are listed in Tables 2 to 6 according to
core, section, and interval (in cm). For each sample, the
depth has also been given in meters below sea floor. The
abundance of nannoplankton assemblages was classi-
fied as abundant (A), common (C), few (F), and rare
(R). The quality of preservation for the nannoplankton
of each sample is recorded as good (G), moderate (M),
or poor (P).

CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY
AND ZONATION

The biostratigraphic nannofossil zonations of the Cretaceous used
in this study are based upon van Hinte (1976), Martini (1976), and
Thierstein (1976). The zonation according to van Hinte (1976) is based
on the zonation of Bukry (1974), Roth (1973), and Thierstein (1973),
and it is correlated with the zonations or biohorizons of radiolarians,
benthonic foraminifers, planktonic foraminifers, calpionellids, and
pelagic macrofossils.

Other calcareous nannofossils were used besides the marker
species to determine the age of those sections in which the zones were
impossible to recognize by calcareous-nannoplankton index species.

Micula mura Zone

Author: Martini (1969).
Definition: Interval from the first to the last occurrence of Micula

mura (Martini).
Age: Late Maastrichtian.
Important common species: Micula mura (Martini), Lithraphidites

quadratus Bramlette and Martini and Arkhangβlskiella cymbifor-
mis Vekshina.

Remarks: The guide fossil Micula mura (Martini) is common and well
preserved. This zone is present only in Hole 465A. In Hole 465 this
interval was missed.

Lithraphidites quadratus Zone

Authors: Cepek and Hay (1969).
Definition: Interval from the first occurrence of Lithraphidites

quadratus Bramlette and Martini to the first occurrence of Micula
mura (Martini).

Age: Middle to late Maastrichtian.
Important common species: Lithraphidites quadratus Bramlette and

Martini and Arkhangelskiella cymbiformis Vekshina.
Remarks: This zone is present in both holes of Site 465.

Arkhangelskiella cymbiformis Zone

Author: Perch-Nielsen (1972), emended Martini (1976).
Definition: Interval from the last occurrence of Tetralithus trifidus

(Stradner) to the first occurrence of Lithraphidites quadratus
Bramlette and Martini.
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Figure 1. Index map of the central North Pacific, showing the drilled locations of Leg 62 and previous DSDP
drill sites.

Age: Early Maastrichtian
Important common species: Arkhangelskiella cymbiformis Vekshina.
Remarks: According to Martini (1976), the stratigraphic position of

this zone is middle Maastrichtian. In this paper this zone is used
for early Maastrichtian. This zone was identified in Holes 463 and
465A.

Tetralithus trifidus Zone

Authors: Bukry and Bramlette (1970).
Definition: Interval from the first to the last occurrence of Tetralithus

trifidus (Stradner).
Age: Late Campanian to early Maastrichtian.
Important common species: Tetralithus trifidus (Stradner), Tetra-

lithus gothicus Deflandre, Broinsonia parca (Stradner), and Eif-
fellithus eximius (Stover).

Remarks: The Tetralithus trifidus Zone was encountered in Holes 463,
465A, and 466. In Holes 463 and 465 A, the top of this zone is in-
dicated by the last occurrence of Tetralithus trifidus (Stradner) and
Tetralithus gothicus Deflandre. At Site 466, the top of this zone is
missing. The last occurrence of Broinsonia parca (Stradner) in
Hole 465A is close to the top of this zone, which agrees well with

the observations of Martini (1976) on Leg 33. In Hole 465A in the
lower part of this zone, Eiffellithus eximius (Stover) is more com-
mon than in the upper part. Here this species is very rare and only
present in one sample just below the top of this zone.

Tetralithus gothicus Zone

Author: Martini (1976).
Definition: Interval from the first occurrence of Tetralithus gothicus

Deflandre to the first occurrence of Tetralithus trifidus (Stradner).
Age: Late Campanian.
Important common species: Tetralithus gothicus Deflandre, Tetra-

lithus aculeus (Stradner), Broinsonia parca (Stradner), Arkhangel-
skiella cymbiformis Vekshina, and Eiffellithus eximius (Stover).

Remarks: The Tetralithus gothicus Zone was identified in Holes 463,
465A, 466. In all three holes, Tetralithus aculeus (Stradner) has its
first occurrence at the same level as Tetralithus gothicus De-
flandre. The former species seems to have the same importance for
the delimitation of this zone in this area as Tetralithus gothicus
Deflandre. This opinion does not conform to the zonation of Mar-
tini (1976). According to his results the first occurrence of
Tetralithus aculeus (Stradner) is earlier than the first occurrence of
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Figure 2. Age determinations and zone assignments for the Cretaceous calcareous nannoplankton of Sites 463 to 466.

Tetralithus gothicus Deflandre. Later studies and correlations in
this area will show whether this occurrence together is the result of
a small hiatus corresponding to the Tetralithus aculeus Zone, in
accordance with the zonation of Martini (1976).

Broinsonia parca Zone
Author: Verbeek (1976).
Definition: Interval from the first occurrence of Broinsonia parca

(Stradner) to the first occurrence of Tetralithus aculeus (Stradner).
Age: Early to middle Campanian.
Important common species: Broinsonia parca (Stradner), Arkhangel-

skiella cymbiformis Vekshina and Parhabdolithus regularis
(Gorka).

Remarks: This zone was identified only in Holes 465A and 466. The
top of this zone is marked by the first occurrence of Tetralithus
aculeus (Stradner), which in the central North Pacific corresponds
to the level with the first occurrence of Tetralithus gothicus
Deflandre. In both holes, the first occurrence of Broinsonia parca
coincides with the first occurrence of Parhabdolithus regularis.

TURONIAN TO SANTONIAN

The abundant but predominantly poorly preserved assemblages of
the Turonian to Santonian are characterized by the lack of index
species which are indispensible for zonation. It is impossible to use a
detailed zonation such as that published by van Hinte (1976) in this in-
terval. The upper limit of this zonal interval is determined by the first
occurrence of Broinsonia parca (Stradner) [in Hole 463 by the first oc-
currence of Tetralithus gothicus (Deflandre)], and the lower limit by
the last occurrence of Lithraphidites alatus Thierstein.

Lithraphidites alatus Zone
Author: Roth (1973), modified in this paper.
Definition: Interval from the first occurrence of Lithraphidites alatus

Thierstein to the last occurrence of Lithraphidites acutum Verbeek
and Manivit.

Age: Uppermost Albian to Cenomanian (lowermost Turonian).

Important common species: Lithraphidites alatus Thierstein, Lithra-
phidites acutum Verbeek and Manivit, and Parhabdolithus asper
(Stradner).

Remarks: The Lithraphidites alatus Zone was encountered in Holes
463, 464 and 465A. Verbeek (1977) defined the Lithraphidites
acutum Zone as the interval from the first occurrence of
Lithraphidites acutum Verbeek and Manivit to the first occurrence
of Gartnerago obliquum (Stradner). The range of the Lith-
raphidites acutum Zone is middle to late Cenomanian, which
means that this zone could be used as a subzone of the Lith-
raphidites alatus Zone. The first and last occurrences of
Lithraphidites alatus Thierstein in Holes 463 and 465A lie deeper
than the first and last occurrences of Lithraphidites acutum
Verbeek and Manivit. In Hole 464, Lithraphidites alatus Thier-
stein is missing.

Eiffellithus turriseiffeli Zone
Author: Thierstein (1971).
Definition: Interval from the first occurrence of Eiffellithus turriseif-

feli (Deflandre and Fert) to the first occurrence of Lithraphidites
alatus Thierstein.

Age: Late Albian
Important common species: Eiffellithus turriseiffeli (Deflandre and

Fert), Podorhabdus albianus Black, Prediscosphaera cretacea
(Arkhangelsky), and Parhabdolithus asper (Stradner).

Remarks: The Eiffellithus turriseiffeli Zone is the only Cretaceous
zone present in all Sites (463-466) drilled during Leg 62.

Prediscosphaera cretacea Zone

Author: Thierstein (1971).
Definition: Interval from the first occurrence of Prediscosphaera

cretacea (Arkhangelsky) to the first occurrence of Eiffellithus tur-
riseiffeli (Deflandre and Fert).

Age: Middle Albian
Important common species: Prediscosphaera cretacea (Arkhangel-

sky), Parhabdolithus angustus (Stradner), and Podorhabdus al-
bianus Black.

Remarks: This zone was identified in Holes 463 and 464.
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Figure 3. Comparison of Cretaceous calcareous-nannofossil zones at Sites 464 to 466 on Hess Rise.



MESOZOIC CALCAREOUS-NANNOPLANKTON STRATIGRAPHY

Table 1. Nannofossil species considered in this report, listed
alphabetically according to species name.

Hole

Species 463 464 465 465A 466

Corollithion achylosum (Stover) + + +
Tetralithus aculeus (Stradner) + + + +
Lithraphidites acutum Verbeek and Manivit + + + +
Lithraphidites alatus Thierstein + +
Podorhabdus albianus Black + + + +
Cretarhabdus angustiforatus (Black) + + + + +
Parhabdolithus angustus (Stradner) + + + + +
Parhabdolithus asper (Stradner) + + + +
Watznaueria barnesae (Black) + + + + +
Flabellites biforaminis Thierstein + + +
Braarudosphaera bigelowi (Gran and Braarud) + +
Watznaueria biporta Bukry + + + + +
Watznaueria britannica (Stradner) +
Nannoconus bucheri Brönnimann +
Lithraphidites carniolensis Deflandre + + + + +
Cruciellipsis chiasta (Worsley) + + + +
Nannoconus colomi (de Lapparent) +
Watznaueria communis Reinhardt +
Cretarhabdus conicus Bramlette and Martini + + + +
Biscutum constans (Gorka) + + + + +
Cretarhabdus coronadventis Reinhardt + + +
Cretarhabdus crenulatus Bramlette and Martini + + + +
Prediscosphaera cretacea (Arkhangelsky) + + + + +
Arkhangelskiella cymbiformis Vekshina + + + +
Microrhabdulus decoratus Deflandre + + + +
Zygodiscus diplogrammus (Deflandre and Fert) + + + + +
Cribrosphaerella ehrenbergi (Arkhangelsky) + + + + +
Parhabdolithus embergeri (Noel) + + + + +
Zygodiscus erectus (Deflandre) +
Eiffellithus eximius (Stover) + + +
Lithastrinus floralis Stradner + + + +
Scapholithus fossilis Deflandre + +
Marthasterites furcatus (Deflandre) +
Quadrum gartneri Prins and Perch-Nielsen + + + +
Nannoconus globulus Brönnimann +
Tetralithus gothicus Deflandre + + +
Lithastrinus grilli Stradner + +
Microrhabdulus helicoideus Deflandre +
Micula infracretacea Thierstein +
Markaüus inversus (Deflandre) +
Rucinolithus irregularis Thierstein + +
Stephanolithion laffittei Noel + + +
Chiastozygus litterarius (Gorka) + + + + +
Discoaster lodoensis Bramlette and Riedel (+)
Cretarhabdus loriei Gartner + + + + +
Kamptnerius magnificus Deflandre + + + +
Biscutum magnum Wind and Wise +
Cyclagelosphaera margereli Noel + + + +
Vagalapilla matalosa (Stover) + + +
Conusphaera mexicana Trejo +
Discoaster multiradiatus Bramlette and Riedel ( + )
Micula mura (Martini) x +
Gartnerago obliquum (Stradner) + + +
Tetralithus obscurus Deflandre +
Micrantholithus obtusus Stradner +
Broinsonia parca (Stradner) + +
Coccolithus pelagicus (Wallich) (+) (+)
Manivitella pemmatoidea (Deflandre and Manivit) + + + + +
Tranolithus phacelosus Stover + + + +
Lithraphidites quadratus Bramlette and Martini + +
Parhabdolithus regularis (Gorka) + + + +
Cretarhabdus schizobrachiatus (Gartner) + + +
Lithastrinus septentrionalis Stradner +
Corollithion signum Stradner + + + +
Prediscosphaera spinosa (Bramlette and Martini) + + +
Parhabdolithus splendens Deflandre + + +
Micula staurophora (Gardet) + + + +
Micula staurophora concava (Stradner) +
Microrhabdulus stradneri Bramlette and Martini + + +
Vagalapilla stradneri (Rood, Hay, and Barnard) + + + +
Discoaster surculus Martini and Bramlette (+)
Cruciplacolithus tenuis (Stradner) (+)
Eiffellithus trabeculatus (Gorka)
Tetralithus trifidus (Stradner) +
Nannoconus truitti Brönnimann +
Eiffellithus turriseiffeli (Deflandre and Fert) + + +
Biscutum sp. +
Braarudosphaera sp. +
Broinsonia sp.
Cretarhabdus sp. + + + +
Cribrosphaerella sp. +
Discoaster sp. (+) (+)
Lithraphidites sp. +
Microrhabdulus sp.
Nannoconus sp. + + +
Scapholithus sp. +
Tranolithus sp.
Vagalapilla sp. +
Watznaueria sp. + +

Note: + = present; × = cf.; ( + ) = down-hole contamination.

Parhabdolithus angustus Zone
Author: Manivit (1971), modified by Thierstein (1973).
Definition: Interval from the first occurrence of Parhabdolithus an-

gustus (Stradner) and (or) Lithastrinus floralis Stradner to the first
occurrence of Prediscosphaera cretacea (Arkhangelsky).

Age: Late Aptian to early Albian
Important common species: Parhabdolithus angustus (Stradner),

Lithastrinus floralis Stradner, Nannoconus bucheri Brönnimann,
Micrantholithus obtusus Stradner, Chiastozygus litterarius (Gor-
ka), and Rucinolithus irregularis Thierstein.

Remarks: This zone was identified in Holes 463 and 464, but in Hole
464 the Parhabdolithus angustus Zone is limited to Core 27. In
Hole 463, it is possible to subdivide this zonal interval into two
parts. The upper part is determined at the top by the first occur-
rence of Prediscosphaera cretacea (Arkhangelsky), and at the base
by the last occurrence of Nannoconus bucheri Brönnimann. The
lower part of this zonal interval is characterized by the occurrence
together of Lithastrinus floralis Stradner and Nannoconus bucheri
Brönnimann.

Chiastozygus litterarius Zone

Author: Thierstein (1971).
Definition: Interval from the last occurrence of Nannoconus colomi

(de Lapparent) and (or) the first occurrence of Chiastozygus lit-
terarius (Gorka) to the first occurrence of Parhabdolithus angus-
tus (Stradner) and (or) Lithastrinus floralis Stradner.

Age: Early Aptian.
Important common species: Chiastozygus litterarius (Gorka), Micran-

tholithus obtusus Stradner, and Rucinolithus irregularis Thier-
stein.

Remarks: This zone was cored only in Hole 463. In this paper the first
occurrence of Chiastozygus litterarius (Gorka) and the last occur-
rence of Nannoconus colomi (de Lapparent) are used to define the
lower boundary of this zone. But it is difficult to recognize the
species Chiastozygus litterarius (Gorka). In this zonal interval of
Hole 463, this species is rare and not well preserved.

Micrantholithus obtusus Zone

Author: Thierstein (1971).
Definition: Interval from the last occurrence of Calcicalathina ob-

longata (Worsley) to the last occurrence of Nannoconus colomi (de
Lapparent) and (or) the first occurrence of Chiastozygus litterarius
(Gorka).

Age: Barremian.
Important common species: Nannoconus colomi (de Lapparent) and
Micrantholithus obtusus Stradner.
Remarks: The Micrantholithus obtusus Zone is the oldest Cretaceous

zone recorded during Leg 62. This zone is only recognized in Hole
463, but it is impossible to define the lower boundary of this zonal
interval, because Calcicalathina oblongata (Worsley) is missing.
The absence of this resistant species strongly suggests that drilling
at Site 463 terminated in sediments of Barremian age.

DISTRIBUTION OF
CALCAREOUS NANNOFOSSILS

Site 463
(21°21.01'N, 174°40.07'E, depth 2525 m)

Coring at Site 463, on the western Mid-Pacific Moun-
tains was continuous to a sub-bottom depth of 822.5
meters (Fig. 1). The recovered sediments are divided
into four lithologic units. The youngest lithologic unit
consists of a 405-meter sequence of nannoplankton and
foraminifer chalk, ooze, and limestone which includes a
Cretaceous section of late Albian to early Maastrichtian
age.

The second lithologic unit is 136 meters thick and con-
sists of cyclic alternations of green and gray and green
and pink pelagic limestones with abundant chert. These
limestones range in age from late Aptian through mid-
dle Aptian.
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The underlying unit, 45 meters thick, consists of car-
bonaceous limestone, black claystone and marlstone,
and volcanic ash, of early Aptian age.

The oldest unit consists of interbedded pelagic and
clastic limestones; it is more than 190 meters thick and
belongs to the Barremian to early Aptian.

Abundant to rare but poorly preserved nannofossil
assemblages were found throughout the Cretaceous sec-
tion (Table 2, back pocket; Fig. 4). A sequence of 11
nannoplankton zones or zonal intervals has been recog-
nized in what appears to be continuous deposition from
Barremian to early Maastrichtian. Certain intervals are
less distinct, because of the lack of index species impor-
tant for zonation, particularly in sediments of Turonian
to Campanian age.

Samples from the interval from Core 7, Section 3, 30
cm to 16,CC contain abundant coccoliths, including
Arkhangelskiella cymbiformis Vekshina. The assem-
blages lack Lithraphidites quadratics Bramlette and
Martini, Micula mura (Martini), and Nephrolithus fre-
quens Gorka. These are all index species of late Maas-
trichtian age. Tetralithus trifidus (Stradner), an index
species of late Campanian to early Maastrichtian age, is
also missing. Thus, this interval is assigned to the
Arkhangelskiella cymbiformis Zone of early Maas-
trichtian age.

The assemblages from Cores 17 to 22 have abundant
nannofossils, with Tetralithus trifidus (Stradner) and
Tetralithus gothicus Deflandre. The total range of the
index species defines the Tetralithus trifidus Zone of
late Campanian to early Maastrichtian age.

Nannofossils are common to abundant in this strati-
graphic interval (Samples 23-1, 51-52 cm to 25-2, 62-63
cm), but their preservation is poor. The first occurrence
of Tetralithus gothicus Deflandre to the first occurrence
of Tetralithus trifidus (Stradner) delimits the Tetralithus
gothicus Zone, of late Campanian age.

Common to abundant assemblages of Coniacian to
late Campanian age (25,CC to 30,CC) are characterized
by the lack of index species. The upper limit of this
zonal interval is determined by the first occurrence of
Tetralithus gothicus Deflandre, and the lower limit by
the last occurrence of Corollithion achylosum (Stover),
the range of which according to Thierstein (1976) should
extend to the top of the Turonian.

In the next zonal interval (31,CC to 37,CC) marker
species are also missing. The top of this zonal interval
(Turonian) is determined by the last occurrence of Cor-
ollithion achylosum (Stover), and the lower limit has
been assessed by the last occurrence of Lithraphidites
acutum. Verbeek and Manivit.

Common to abundant assemblages of coccoliths were
recovered in Samples 38-1, 29-30 cm to 50-1, 122-124
cm. The first occurrence of Lithraphidites alatus Thier-
stein and the last occurrence of Lithraphidites acutum
Verbeek and Manivit are used to define the Lithraphid-
ites alatus Zone of uppermost Albian to Cenomanian
age.

The common nannoflora assemblages from the inter-
val 50,CC to 52,CC with Eiffellithus turriseiffeli (De-
flandre and Fert) but without Lithraphidites alatus

Thierstein and Lithraphidites acutum Verbeek and
Manivit, indicate the Eiffellithus turriseiffeli Zone of
late Albian age.

Samples from the interval 53-1, 122-124 cm to 55-1,
22-23 cm contain common to abundant, but poorly pre-
served calcareous nannofossils. This short interval is
limited at the top by the first occurrence of Eiffellithus
turriseiffeli (Deflandre and Fert) and at the base by the
first occurrence of Prediscosphaera cretacea (Arkhan-
gelsky). It belongs to the Prediscosphaera cretacea
Zone, of middle Albian age.

The Parhabdolithus angustus Zone of late Aptian to
early Albian age was identified in Samples 58,CC to
65-2, 7-8 cm. It is possible to divide this zonal interval
into two stratigraphic units: an upper one (early Albian)
and a lower one (late Aptian). The top of the upper one
is determined by the first occurrence of Prediscosphaera
cretacea (Arkhangelsky), and the base by the last occur-
rence of Nannoconus bucheri Bronnimann. The lower
unit of the Parhabdolithus angustus Zone can be char-
acterized by the occurrence together of Lithastrinus
floralis Stradner and Nannoconus bucheri Bronnimann.

Generally rare and poorly preserved nannofossils oc-
cur in the interval 65,CC to 78-1, 87-88 cm, with Chi-
astozygus litterarius (Gorka) and Rucinolithus irreg-
ularis Thierstein. Since Lithastrinus floralis Stradner is
missing, this interval represents the Chiastozygus lit-
terarius Zone, of Early Aptian age.

Nannofossils in Samples 78-1, 87-88 cm to 92,CC
(last core) are generally very rare. Calcicalathina oblon-
gata (Worsley) and Cruciellipsis cuvillieri (Manivit),
whose last occurrences are listed as early Barremian and
late Hauterivian, respectively (Thierstein, 1976), have
not been found. Thus, this interval with Micran-
tholithus obtusus Stradner is assigned to the Micran-
tholithus obtusus Zone, of Barremian age. The absence
of resistant Calcicalathina oblongata (Worsley) strongly
suggests that Site 463 terminated in sediments of Barre-
mian age.

Site 464
(39°51.64'N, 173°53.33'E, depth 4637 m)

Site 464 is on northern Hess Rise (Fig. 1). The total
depth drilled was 308.5 meters. Abundant to rare (pre-
dominantly abundant), but poorly preserved calcareous
nannoplankton assemblages were found throughout the
Lower Cretaceous and lowermost Upper Cretaceous. A
sequence of five nannoplankton zones or zonal intervals
has been recognized within the lithologic unit of red-
brown chert, chalk, and marlstone (Table 3; Fig. 5).
This lithologic unit overlies basalt.

At the top of the Cretaceous sediments (Sample 11-1,
68-69 cm to 18,CC, 17-18 cm), rich assemblages of
poorly to moderately preserved nannofossils occur with
the index species Lithraphidites acutum Verbeek and
Manivit. These assemblages suggest for this part of the
profile a latest Albian to Cenomanian age {Lithraphidi-
tes alatus Zone).

In Samples 18,CC to 24-1, 15-16 cm, abundant but
poorly preserved late Albian Coccolith assemblages oc-
cur, including the zone marker Eiffellithus turriseiffeli
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Figure 4. Ranges of index species at Site 463 and correlation of the zonation used with that
according to van Hinte (1976).
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Table 3. Distribution and abundance of calcareous-nannoplankton species in the Cretaceous sediments of Site 464.

Sample
(interval
in cm)

464-11-1, 68-69
11-1, 140
12-1, 21-22
12-1,49-50
12.CC
13.CC, 13-14
13.CC, base
14.CC, 41-42

(bottom)
15.CC, 27-28
15.CC, base
16,CC, 8-9
16.CC, base
17.CC, 17-18
17.CC, base
18.CC, 22-23

18.CC, base
19.CC
20-
21-
21-

22,<
23-
23-
23-
24-

25,(
26-

27-

28-

29-
30-
31-
31-
32-

, 3-4
, 12-13

:c
, 5
, 4 0

, 60
, 15-16

:c
, 75-76

, 25-26

, 25-26
,65-66
, top
, 3-4
, 27-28
, 18-19

Sub-
bottom
Depth

(m)

89.68
90.40
98.71
98.99
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(Deflandre and Fert), but without Lithraphidites
acutum Verbeek and Manivit. This assemblage indicates
the Eiffellithus turriseiffeli Zone.

Poorly preserved and predominantly common assem-
blages of calcareous nannoplankton in Samples 25,CC
to 26-1, 75-76 cm, with Prediscosphaera cretacea
(Arkhangelsky), were assigned to the middle Albian
(Prediscosphaera cretacea Zone), as they are lacking
Eiffellithus turriseiffeli (Deflandre and Fert).

Prediscosphaera cretacea (Arkhangelsky) is missing
in Sample 27-1, 25-26 cm, and the presence of the zone
markers Parhabdolithus angustus (Stradner) and Lith-
astrinus floralis Stradner assign this sample to the early
Albian {Parhabdolithus angustus Zone).

Core 28 is barren of calcareous nannofossils. Cores
29 to 32 generally contain abundant nannofossils which
are very poorly preserved. As a result of strong dissolu-
tion, all index species are missing, and only solution-
resistant species such as Watznaueria barnesae (Black),
Manivitella pemmatoidea (Deflandre and Manivit),
Parhabdolithus embergeri (Noel), and Lithraphidites
carniolensis Deflandre are present. The absence of index

species makes it impossible to determine an exact strati-
graphic interval within the Lower Cretaceous. Probably
this oldest stratigraphic interval of the Cretaceous at
Site 464 is not older than Aptian, as Nannoconus colomi
(de Lapparent), a very solution-resistant species which
has its last occurrence at the top of the Barremian, is not
present.

Site 465
(33°49.23N, 178°55.14E, depth 2161 m)

Two holes were drilled at Site 465, on southern Hess
Rise (Fig. 1). The total depth drilled in Hole 465 was 96
meters, and in Hole 465A 411.7 meters.

Predominantly abundant and moderately well-pre-
served nannofossils were found throughout the Upper
Cretaceous section. Poorly preserved calcareous nan-
nofossils were commonly recovered from the Lower
Cretaceous. A sequence of 9 nannoplankton zones or
zonal intervals has been recognized (Tables 4 and 5; Fig.
6). The Cretaceous sediments are found in both sedi-
mentary lithologic units of this site. The youngest
sedimentary unit (late Turonian to Maastrichtian) in-
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eludes the Micula mura Zone, Lithraphidites quadratus
Zone, Arkhangelskiella cymbiformis Zone, Tetralithus
trifidus Zone, Tetralithus gothicus Zone, Broinsonia
parca Zone, and an unzoned interval (Coniacian to San-
tonian). It consists of nannofossil ooze and foraminifer
ooze, with interlayered chert of Coniacian to Maastrich-
tian age. The oldest unit, of Albian to Cenomanian age
{Lithraphidites alatus Zone and Eiffellithus turriseiffeli
Zone), consists of olive-gray laminated limestone (136
m), which overlies basalt.

The first Cretaceous sediments with abundant and
moderately to well-preserved calcareous nannoplankton
were encountered at the depth of 62.20 meters, in Sam-
ple 465A-3, 120 cm, and the presence of Micula mura
(Martini) indicates the late Maastrichtian. The range of
this species determines the youngest zone {Micula mura
Zone) of the Cretaceous. A success of Hole 465A was
the recovery of an apparently continuous sedimentary
sequence across the Cretaceous/Tertiary boundary,
with a well-preserved assemblage of the Globigerina
eugubina Zone (foraminifer) in the lowermost Paleo-

cene. This stratigraphic interval was not identified in
Hole 465.

The recovered Cretaceous sediments of Hole 465 (in
Samples 9,CC to 11,CC) belong only to the Lithraphid-
ites quadratus Zone, of middle to late Maastrichtian
age. This zone is present also in Hole 465A, but only in
Core 4. According to the correlation of both holes, this
zone should be present also in Core 465A-5, and partly
in Core 465A-6. However, between samples 4A,CC and
6A,CC, no samples are available (only chert).

The abundant Coccolith assemblages from the inter-
val 465A-6,CC to 465A-11-5, 8-9 cm include the index
species Arkhangelskiella cymbiformis Vekshina. The
assemblages lack Lithraphidites quadratus Bramlette
and Martini (index species of the late Maastrichtian)
and Tetralithus trifidus (Stradner) (index species of late
Campanian to earliest Maastrichtian), and are assigned
to the Arkhangelskiella cymbiformis Zone, of early
Maastrichtian age.

The late Campanian to early Maastrichtian (Samples
465A-11,CC to 465A-19,CC) are represented by assem-
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Figure 5. Ranges of index species at Site 464 and correlation of the zonation used
with that according to van Hinte (1976).

Table 4. Distribution and abundance of calcareous-nannoplankton species in the Cretaceous sediments of Hole 465.

Sample

(interval
in cm)

465-9.CC
10-1, 54-55
10-2, 54-55
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blages of abundant nannofossils which contain Tetra-
lithus trifidus (Stradner). The total range of this index
species defines the Tetralithus trifidus Zone. In 465 A-
13,CC, there is a marked increase in etching and dis-
solution of the coccoliths.

Core 465A-20 belongs to the late Campanian Tetra-
lithus gothicus Zone, as it contains the zone marker
together with Arkhangelskiella cymbiformis Vekshina,
Tetralithus aculeus (Stradner), and Broinsonia parca
(Stradner), and abundant other nannoplankton species.

Lower to middle Campanian sediments were encoun-
tered from Samples 465A-21-3, 135-136 cm to 465A-
21-4, 43-44 cm; they contain Broinsonia parca (Strad-
ner), Arkhangelskiella cymbiformis Vekshina, and Par-
habdolithus regularis (Gorka), and indicate the Broin-
sonia parca Zone, as species of the genus Tetralithus are
absent.

The abundant assemblages in Samples 465A-21,CC
to 465A-23,CC are characterized by the lack of certain
index species, such as Broinsonia parca (Stradner) and
Marthasterites furcatus (Deflandre). The upper limit of
this zonal interval is determined by the first occurrence
of Broinsonia parca (Stradner) and Parhabdolithus
regularis (Gorka), and the lower limit by the first occur-
rence of Effellithus eximius (Stover), Micula stau-
rophora (Gardet), and Lithastrinus grilli Stradner,
which has a known range from Coniacian to Santonian.
It indicates that the age of the lower limit is not older
than Coniacian.

The stratigraphic determination of Cores 465A-24
and 465A-25 is impossible, because only cherts and no
fossiliferous sediments were recovered.

The top of the olive-gray laminated limestone (Sam-
ples 465A-26-1, 14-15 cm to 465A-27,CC) contains
abundant assemblages of coccoliths with the zone
markers Lithraphidites alatus Thierstein and Lithra-

phidites acutum Verbeek and Manivit, which assign this
interval to the Lithraphidites alatus Zone (uppermost
Albian to Cenomanian).

The oldest stratigraphic interval of Hole 465A is
characterized by nannofossil assemblages, which are
meagre and generally poorly preserved. These Coccolith
assemblages contain the zone marker Eiffelithus turris-
eiffeli (Deflandre and Fert), but they lack Lithraphidites
acutum Verbeek and Manivit and Lithraphidites alatus
Thierstein (both index species of the Lithraphidites
alatus Zone), and thus assign this interval to the Eif-
fellithus turriseiffeli Zone, of late Albian age.

Site 466
(34°11.46'N, 179°15.34'E, depth 2665 m)

Site 466 was drilled on southern Hess Rise, about 50
km northeast of Site 465 (Fig. 1). The total depth drilled
in this hole was 312 meters. The Cretaceous sediments
are represented by two lithologic units. The younger
one, Upper Cretaceous cherty nannofossil ooze, in-
cludes the Tetralithus trifidus Zone, the Tetralithus
gothicus Zone, the Broinsonia parca Zone, and an un-
zoned interval of middle Turonian to Santonian age.
The older unit, with nannofossil chalk and limestone,
and with pyritic clay, is late Albian to early Cenomanian
in age (Eiffellithus turriseiffeli Zone). Zonation for Site
466 is shown in Figure 7. Distribution and abundance of
species are shown in Table 6.

The abundant and moderately preserved nannofos-
sils, including Tetralithus gothicus Deflandre, are found
in Core 11 (Samples 11-1, 45-46 cm and 11,CC). The
total range of this species defines the Tetralithus trifidus
Zone, of late Campanian to early Maastrichtian age.

In Samples 12-1, 35-36 cm to 15,CC, predominantly
common and moderately preserved late Campanian

Table 4. (Continued).
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Table 5. Distribution and abundance of calcareous-nannoplankton species in the Cretaceous sediments of Hole 465A.

Sample
(interval
in cm)

465A-3-3, 120
3-4, 2-3
3.CC

4,CC

6,CC
8,CC
9,CC
10.CC
11-4, 41-42
11-5, 8-9

11,CC
12.CC
13.CC
14.CC
15.CC
16-2, 30
16.CC
17.CC
18.CC
19.CC

20-1,33-34
20-2, 33-34
20-3, 134-135
20.CC

21-3, 135-136
21-4, 43-44

21.CC
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25.CC

26-1, 14-15
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28-1, 58-59
29-1, 139
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31-1, 23-25
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39-1, 112
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40-2, 39
40-2, 65-66
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bottom
Depth

(m)
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Note: Symbols as in Table 2.

assemblages occur with the zone marker Tetralithus
gothicus Deflandre, indicating the Tetralithus gothicus
Zone, as Tetralithus trifidus (Stradner) is absent.

The thickness of the Broinsonia parca Zone is only a
few meters (Samples 16-1, 55-56 cm to 16-3, 55-56 cm).
Besides the zone marker Broinsonia parca (Stradner),
Parhabdolithus regularis (Gorka) and Arkhangelskiella
cymbiformis Vekshina are present, but Tetralithus
gothicus Deflandre is missing.

The interval between Samples 16,CC to 23,CC is
characterized by the lack of Broinsonia parca (Stradner)
and Marthasterites furcatus (Deflandre). The upper part
of this interval (Cores 16-18) contains assemblages of
abundant coccoliths; in the lower part (Cores 19-23),

the nannofossils are few to common. The upper limit of
this stratigraphic interval (late Turonian to Santonian)
is determined by the first occurrence of Broinsonia
parca (Stradner) and Arkhangelskiella cymbiformis
Vekshina, and the lower limit by the first occurrence of
Eiffellithus eximius (Stover) and Micula staurophora
(Gardet).

No stratigraphic evidence was found in Cores 24 to
28; samples were either barren or not available. Samples
from the late Albian interval (Samples 29-1, 34-36 cm to
35,CC) contain predominantly poorly preserved cocco-
liths, including Eiffellithus turriseiffeli (Deflandre and
Fert). The assemblages lack Lithraphidites alatus Thier-
stein, an index species of Cenomanian age, and are thus
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Table 5. (Continued).
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assigned to the Eiffellithus turriseiffeli Zone of late Al-
bian age.
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Table 5. (Continued).

Sample
(interval
in cm)

465A-3-3, 120
3-4, 2-3
3,CC

4,CC

6,CC
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Table 5. (Continued).
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Figure 6. Ranges of index species at Site 465 and correlation of the zonation used with that
according to van Hinte (1976).
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Table 6. Distribution and abundance of calcareous-nannoplankton species in the Cretaceous sediments of Site 466.

Sample
(interval
in cm)

466-11-1, 45-46
11,CC

12-1, 35-36
12.CC
13-1, 40-41
13-3, 35-37
13-5, 84-85
13.CC
14.CC
15-1,42-43
15-4, 42-43
15.CC

16-1, 55-56
16-2, 55-56
16-3, 55-56

16.CC
17-1, 54-55
17.CC
18-1, 9-10
19.CC
20.CC
21.CC
22.CC
23.CC

28.CC

29-1, 34-36
29-2, 34-35
29.CC
30-1,24-25
31-1, bottom
34.CC
35-1, 53-57
35,CC

Sub-
bottom
Depth

(m)

88.45
93.50

93.85
103.00
103.40
106.35
109.84
112.50
122.00
122.42
126.92
131.50

132.05
133.55
135.05

141.00
141.54
150.50
150.59
169.50
179.00
188.50
198.00
207.50

255.00

255.34
256.84
264.50
264.74
283.50
302.50
303.03
312.00

A
A

A
A
A
A

C-A
C-A
C-A

C
C
A

A
C-A

A

C-A
A
A

C-A
C-A

F
F
F
F

M
M

M-G
M
M
M
M
M

P-M
P-M
P-M

M

P-M
M
M

P-M
M
M

P-M
P
P
P
P
P

(barren)

C-A
C-A

C
C
A
C

F-C
F-C

M
M-G
P-M

M
M
P
P
P

E. Maa.
to L. Cam.
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Middle
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7
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?
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Note: Symbols as in Table 2.
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Table 6. (Continued).
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Table 6. (Continued).
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Table 6. (Continued).
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AGE ZONATION
FROM

VAN HINTE
(1967)

ZONATION
USED FOR
THIS SITE

(after Thierstein,
1973, 1979, and

Martini,1976)

INDEX SPECIES FOR SITE 466
(x first and + last

occurences at this site)

UI
3 s

-Q

l l
€ 3 a

•§ •S

.<O

111
Mi5

Tertiary

/Early'
Maastr.N
to Late

Campanian Tetral. trifidus Tetral trifidus 1 0 -

Late

Campanian

F~töTOTám 5ahT

Broinsonia parca
to

Eiffellithus
e×imius

Tetral ithus
gothicus

' Broinsonia parca"

Santonian
to

Middle
Turonian

Gartnerago
obliquum to

Micula decussata-
Tetralithus
pyramidus

(unzoned)
- 2 0 -

(no sample) (barren)

-30H
Late

Albian
Eiffellithus
turriseiffeli

Eiffellithus
turriseiffeli

+ × ×

Figure 7. Ranges of index species at Site 466 and correlation of the zonation used
with that according to van Hinte (1976).
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