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ABSTRACT

Calcareous nannofossils were encountered at only one of the sites
(435) drilled during DSDP Leg 56. Cores from Hole 435A yield fairly
diverse early and late Pliocene assemblages. The section shows con-
siderable reworking, however. Three to five biostratigraphic datum
events provide a reasonable biochronology. The datums range from
about 3.3 Ma in Core 11 to about 1.8 Ma in Core 3. Paleobiogeo-
graphic data indicate relatively stable and warm climatic conditions
in this area in the early Pliocene, becoming more unstable in the late
Pliocene when the cosmopolitan species become dominant.

INTRODUCTION AND OBJECTIVES

During Leg 56 of the Deep Sea Drilling Project, first
of the two-leg Japan Trench transect, the D/V Glomar
Challenger drilled three holes in September and in Oc-
tober 1977. Site 434 was drilled on the lower trench
slope, Site 435 on the upper slope of the trench wall, and
Site 436 on the crest of the outer rise (Figure 1).

The Japan Trench transect was the first of several ac-
tive margin transects in the Pacific Ocean chosen to
study the major trench and volcanic belt systems. The
main objectives of Leg 56 were to determine the type
and degree of tectonic activity related to the overthrust
wall of the actively subducting Japan Trench. These ob-
jectives dictated that sites be either where water depth
was too great for calcite preservation or where the area
was tectonically active and thus too highly disturbed for
detailed biostratigraphic studies of calcareous nanno-
plankton. For example, Sites 434 and 436 were both drilled
at water depths in excess of 5000 meters and yielded prac-
tically no calcareous nannofossils (with the exception of
a thin layer in Hole 434-12-1, 73-75 cm, in which poorly
preserved and rare specimens of small coccoliths, Dic-
tyococcites minutus and Sphenolithus neoabies, were
encountered, possibly as contaminants). Only Site 435,
on the upper slope of the trench, drilled in water depth
of about 3400 meters, contained a relatively better pre-
served and fairly diverse Pliocene nannoflora.

The purpose of this chapter is to report the calcare-
ous nannofossil assemblages recorded at Site 435. The
sediments at this site consist of muddy diatomaceous
ooze drilled to a total sub-bottom depth of 244.5 me-
ters. The recovered section also contains thin, intermit-
tent layers of volcanic ash and minor amounts of terrig-
enous sand.

140° 145° 150°

Figure 1. Location of DSDP Leg 56 sites.

NANNOFOSSILS AT SITE 435

The nannofossil species recorded at Site 435 are
presented in Table 1. Although all sections of Cores 1
through 11 of Hole 435A were examined for nan-
noflora, barren samples (e.g, Cores 4, 7, and 8) are ex-
cluded from the table and only those samples with at
least rare amounts of nannofossils are listed. Samples in
which frequent nannofossils were encountered in the
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light microscope were also examined with a scanning
electron microscope to ascertain the presence of small,
biostratigraphically important species such as Gephyro-
capsa spp. Preservation of nannofossils in those sam-
ples not totally devoid of coccoliths ranges from poor to
relatively good (see scanning electron micrographs in
Plates 1 and 2).

A fairly diverse Pliocene nannoflora is recorded in
the cores from Hole 435A (see Table 1). The common,
more easily distinguishable elements of the assemblage
at Site 435 are quite similar to the early and late Pliocene
assemblages recorded from Japan—for example, the
southern Kwanto Region (Takayama, 1967) and along
the coast of the Sea of Japan (Nishida, 1971). However,
in these studies some of the smaller, less easily distin-
guishable taxa were not recorded, probably because
they were undescribed at that time. The assemblage at
this site is dominated by the small placoliths of Dic-
tyococcites minutus, which occur in common to abun-
dant quantities in most samples. Other relatively promi-
nent coccolith species are Reticulofenestra pseudoum-
bilica (s. str.) and a smaller, related form which has
been recently described as a separate species, Reticulo-
fenestra haqii, by Backman (1978). R. pseudoumbilica
is common in Core 11 but becomes rare and sporadic
upward, and its presence above its last common occur-
rence (Core 11) is attributed to reworking. R haqii oc-
curs in rare numbers in Core 11, then disappears be-
tween Core 10 and Core 6, Section 3, reappearing again
in Core 6, Section 1. Its presence above Core 11 can
probably also be attributed to reworking. Other prom-
inent coccolith species are Cyclococcolithus macintyrei,
which is common to rare through most of the section,
and Coccolithus pelagicus, which occurs in mostly rare
numbers from Cores 10 through 2. C miopelagicus, C.
radiatus, Cyclococcolithus leptoporus, and Helicospha-
era spp. also occur sporadically through most of the sec-
tion.

A diverse discoaster assemblage is recorded in Core
11, Section 3 (see Table 1). At other levels the discoaster
assemblage is essentially composed of Discoaster brou-
weri and D. pentaradiatus. Discoaster surculus and D.
variabilis are also present sporadically, probably parti-
ally as reworked elements. Sphenolithus abies is re-
corded in Cores 11 and 10 only.

Scanning electron microscopic examination revealed
the presence of Pseudoemiliania lacunosa in samples
from Core 6, Sections 1 and 3; Core 5, Section 3; and
Core 3, Section 3; and the presence of Gephyrocapsa
aperta in Core 6, Section 1, with some fragments in the
upper levels that can be attributed to this species. The
preservational state in most samples is generally poor,
and there is evidence of mechanical breakage of species
which selectively fragments the smaller, more delicate
forms such as G. aperta.

SEDIMENT AGE AT SITE 435

In spite of the obvious reworking of many species in
the younger parts of the section in this tectonically ac-
tive area, a few nannofossil datums can be used to
assign age estimates to various levels of the section. We
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have used the last common occurrence of Reticulofenes-
tra pseudoumbilica, last occurrence of Sphenolithus
abies, first occurrence of Pseudoemiliania lacunosa and
the first occurrence of Gephyrocapsa aperta as our
selected datums to assign ages to the sediment (see Table
1, right-hand columns). The choice of last common oc-
currence of R. pseudoumbilica in Core 11 as the last ap-
pearance datum of this species is more reasonable than
its sporadic and rare occurrence above this level up to
Core 6, in view of the problem of reworking in the sec-
tion. This is corroborated by the last occurrence datum
of Sphenolithus abies in Core 10, since elsewhere both
these species disappear approximately at the same level
at about 3.3 Ma (Haq and Berggren, 1978).

P. lacunosa first occurs in Core 6, Section 3; how-
ever, the actual first appearance datum of this species
may be within the barren interval between Core 9, Sec-
tion 1 and Core 6, Section 3. An approximate age of 3.1
Ma can be assigned to this datum following the biochro-
nology established by Haq and Berggren (1978).

G. aperta has been shown first to appear in the late
Pliocene at about 2.3 Ma (Haq et al., 1977). We found
this species definitely only in one sample (Core 6, Sec-
tion 1), where it may occur as downhole contaminant.
However, if we assume this to be its true first ap-
pearance datum, we can assign an age of about 2.3 Ma
to this level. This seems reasonable in view of the first
occurrence of Globorotalia truncatulinoides in Core 4,
Section 1, as reported by the shipboard scientists. G.
truncatulinoides first appears at about 1.85 Ma (Haq et
al., 1977). The last occurrence of Discoaster brouweri in
Core 3, Section 2, if used as a true extinction level would
assign an age of about 1.8 Ma to this sample (Haq et al.,
1977).

Since the zone-diagnostic nannofossil species of the
Pliocene interval are lacking, we can assign the sedi-
ments in Hole 435A only tentatively to biostratigraphic
zones. Thus Core 11 is tentatively assigned to NN15 (D.
asymmetricus) Zone, because elsewhere both S. abies
and R. pseudoumbilica disappear at the top of this
zone. Cores 10 through Core 6, Section 3, are assigned
to NN16 (Zλ surculus) Zone and Core 6, Section 1,
through Core 3, Section 2, to a composite NN17 and 18
(D. pentaradiatus and D. brouweri) Zones.

PALEOBIOGEOGRAPHY OF NANNOFOSSIL
ASSEMBLAGES

Census data for the major biogeographic taxa is
presented in Table 2. Only those samples with relatively
better preserved and more common nannofossils were
counted. Thus two levels of the early Pliocene and nine
levels of the late Pliocene are listed in the table.

In the early Pliocene the discoasters and R. pseudo-
umbilica alternatively dominate the assemblage, other
taxa being relatively less important quantitatively. Both
these taxa indicate relatively warmer climatic conditions
during this time interval. In the late Pliocene, however,
Coccolithus pelagicus temporarily becomes prominent.
Elsewhere Dictyococcites minutus assemblage first be-
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Paleobiogeographic Census Data from Pliocene of Site 435
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entage of total assemblage. + indicates in trace quantities, less than

comes prominent in the middle and late Miocene (Haq
et al., 1976). It is a cosmopolitan taxon occurring in low
to mid-high latitudes and becomes prominent during
times and in areas of greater environmental/climatic in-
stability when other, more sensitive taxa are selectively
removed from the environment (Haq, unpublished da-
ta). This implies that the late Pliocene was generally a
time of environmental instability in the area of the Ja-
pan Trench.
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PLATE 1
Nannoflora from the Japan Trench Upper Slope

(Bar represents lµm.)

Figures 1, 2 Reticulofenestra sp. Proximal views.
1. Sample 435A-6-1, 18-20 cm.
2. Sample 435A-5-3, 30-32 cm.

Figures 3, 10 Cyclococcolithus leptoporus (Murray and Black-
man) Kamptner. Distal views. Sample 435A-6-1,
18-20 cm.

Figures 4, 5, 7 Pseudoemiliania lacunosa (Kamptner) Gartner.
Sample 435A-6-1, 18-20 cm.
4. Proximal view.
5, 7. Distal view.

Figure 6 Umbilicosphaera sibogae (Weber van Bosse) Gaard-
er. Proximal view. Sample 435A-6-1, 18-20 cm.

Figure 8 Reticulofenestra pseudoumbilica Gartner.
Proximal view. Sample 435A-6-1, 18-20 cm.

Figure 9 Coccolithus miopelagicus Bukry.
Distal view. Sample 435A-6-1, 18-20 cm.

870



CALCAREOUS NANNOFOSSILS

PLATE 1
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PLATE 2
Nannoflora from the Upper Slope of Japan Trench

(Bar represents 1 µm.)

Figures 1,3, Reticulofenestra haqii Backman.
7, 8 1. Proximal view. Sample 435A-6-1, 18-20 cm.

3. Distal view. Sample 435A-5-1, 30-32 cm.
7. Distal view. Sample 435A-6-1, 18-20 cm.
8. Distal view. Sample 435A-4-1, 20-22 cm.

Figure 2 Dictyococcites minutus Haq. Distal view.
Sample 435A-4-1, 20-22 cm.

Figures 4-6 Gephyrocapsa aperta Kamptner. Distal view.
Sample 435A-6-1, 18-20 cm.

Figure 9 Coccolithus pelagicus (Wallich) Schiller.
Proximal view. Sample 435A-6-1, 18-20 cm.

Figure 10 Coccolithus miopelagicus Bukry. Proximal view.
Sample 435A-6-1, 18-20 cm.

Figure 11 Cyclococcolithus sp. Distal view.
Sample 435A-6-1, 18-20 cm.
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PLATE 2

873


