26. CALCAREOUS-NANNOFOSSIL BIOSTRATIGRAPHY OF JAPAN TRENCH TRANSECT,
DEEP SEA DRILLING PROJECT LEG 57

Bernard L. Shaffer, Gulf Research and Development Co., Houston, Texas

INTRODUCTION

As a continuation of the Japan Trench transect com-
menced by DSDP Leg 56, 10 holes were drilled and 273
cores were recovered while occupying Sites 438, 439,
440, and 441 during Leg 57 (Figure 1). At Sites 438 and
439, near the top of the trench inner wall, a principal
biostratigraphic objective was to establish a Neogene
reference section overlying a pronounced acoustic base-
ment thought to represent continental crust extending
outward to this slope environment. At Sites 440 and
441, prime objectives were to distinguish, if present, ad-
mixtures of accreted oceanic and non-accreted slope
materials, and to recognize repeated or missing sections
resulting from the accretionary process.

This report summarizes the nannofossil biostratig-
raphy of the upper lower Miocene to Pleistocene se-
quences of Leg 57 cores. Insufficient occurrences in the
lowermost Miocene, presumed upper Oligocene, and
upper Cretaceous sequences at Sites 438 and 439
precluded age determinations for these intervals based
on nannoliths. All but a few samples from Site 441 were
barren, and in general Leg 57 nannofossil assemblages
were too modified by dissolution and diagenesis to per-
mit meaningful paleoclimatologic or paleobiogeograph-
ic conclusions to be drawn.

METHODS

This study is based on light microscopic examinations
of both smear slides and slides prepared from a simple
settling technique to enhance nannofossil concentra-
tions. The latter technique was necessitated by the low
frequency of nannofossil occurrences in the dominantly
diatomaceous, hemi-terrigenous claystones and silt-
stones recovered on this leg. Of 1030 samples studied,
785 (76.2%) were either barren or contained very rare,
stratigraphically non-diagnostic nannoliths. Occurrence
and abundance were recorded for all taxa encountered
during microscopic examination, and such data for
samples containing adequate assemblages are compiled
for each hole.

Estimations of species abundances employed in this
report follow the methods outlined by Hay (1970), with
the slight modifications of Gartner (1972). Thus, the
abundance of a species was determined with the light
microscope at a magnification of 1560 X as follows:

Abundant (A) = 10-100 specimens per field of
view

Common  (C) = 1-10 specimens per field of
view

Few (F) = one specimen in 1-10 fields
of view

Rare (R) = one specimen in 10-100 fields
of view

The letter symbols in parentheses above denote the cor-
responding abundance categories in the tabulations.

The preservation states of nannofossils are desig-
nated as follows:

G = Good preservation, little or no evidence of etch-
ing, dissolution, or overgrowth. All specimens
readily identifiable.

M = Moderately good preservation, slight etching or
overgrowth which has destroyed or obscures
delicate structures and ornamentation. Most spec-
imens readily identifiable.

P = Poor preservation, a majority of specimens strong-
ly etched or overgrown, often fragmented. Diver-
sity is low and species identification often diffi-
cult.

The nannoplankton species considered in this report

are listed in Table 1.

ZONATION

The Miocene and Pliocene zonation employed for
age determinations in this report is essentially that of
Bukry (1975), although the recovered nannofossil as-
semblages were variously modified by latitudinal and
dissolution effects which limited the degree of biostrati-
graphic resolution. Because of rare and sporadic distri-
butions of many zonal indicators, several of Bukry’s
zones and subzones could not be determined. Similar-
ly, zonal boundaries were sometimes difficult to place.
With the exception of a few upper Miocene intervals,
discoasters in particular were generally rare, and the ab-
sence to extreme rarity of ceratoliths rendered upper-
most Miocene and lower Pliocene zonation attempts
difficult or impossible. In the Miocene, the Discoaster
deflandrei, Discoaster druggii, Helicosphaera kampt-
neri, Castinaster calyculus, Discoaster bellus, and Dis-
coaster neorectus Subzones, and the Sphenolithus belem-
nos Zone, could not be recognized for lack of indicator
taxa. The upper Oligocene section penetrated at Site 439
also was devoid of diagnostic species.

For the Pleistocene, the zonation of Gartner (1977) is
preferred, but for reasons cited above his zonation
could not be applied in its entirety. The Helicosphaera
sellii Zone was not recognized, because the nominate
species did not occur in the Pleistocene at Leg 57 sites.
Gartner’s zone of small Gephyrocapsa was not used in a
formal sense, although the characteristic assemblage

875



B. L. SHAFFER

41°N T T T I/ !
SITES 438-439 o
®
a0° |- —
A
SITE
436
HONSHU
39° |- o
PACIFIC OCEAN
SENDAI
38° |- -
37 - —
Site locations (approximate)
A LEGSSE
@® LEGS7
A CONTOURS IN METERS
36° | I
140°E 142° 144° 146°
CONT. CONT.
[N SHELF___ SLOPE DEEP SEA TERRACE 43843 b ke e o
§ S INNER TRENCH////// OUTER TRENCH/
i \ﬂ!ﬂ_ SLOPE MIDSLOPE SLOPE 4
‘J.. TERRACE :
i TRENCH
B UPPER CRETACEOUS 5 E
QUATERNARY “"\\_ 7=~ g e
VE = ZONE OFRX LT
0 50 100km  ACCRETION” Z &= 1
i L 1 ] : OCEAN FLOOR 1
" B <410
Figure 1. Location map and schematic cross section showing Leg 57 drill sites on Japan Trench Transect.

was present. As the small Gephyrocapsa ‘‘event’’ may
prove to have paleooceanographic significance, its oc-
currence was noted. Emiliania huxleyi was rare, sporadic,
and poorly preserved, and, with light microscopy, its
first appearance could not be determined reliably. The
Emiliania huxleyi Zone is here designated as the interval
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above the extinction datus of Pseudoemiliania lacu-
nosa.

A summary of the Leg 57 nannofossil zonation,
modified after Bukry (1975) and Gartner (1977), is
presented in Figure 2. The zonal assignments of datable
cores from Leg 57 holes are listed in Table 2.



TABLE 1
List of Nannofossil Species Considered in This Report

Amaurolithus amplificus (Bukry and Percival) Gartner and Bukry, 1975
A. delicatus Gartner and Bukry, 1975

A. tricorniculatus (Gartner) Gartner and Bukry, 1975
Angulolithina arca Bukry, 1973

Braarudosphaera bigelowi (Gran and Braarud) Deflandre, 1947
Catinaster coalitus Martini and Bramlette, 1963
Ceratolithus acutus Gartner and Bukry, 1974

C. cristatus Kamptner, 1950

C. rugosus Bukry and Bramlette, 1968

Coccolithus pelagicus (Wallich) Schiller, 1930

C. miopelagicus Bukry, 1971

Crenalithus doronicoides (Black and Barnes) Roth, 1973

C. productellus Bukry, 1975

Cricolithus jonesi Cohen, 1965

Cyclicargolithus floridanus (Roth and Hay) Bukry, 1971
Cyclococcolithina leptopora (Murray and Blackman) Wilcoxon, 1970
C. macintyrei (Bukry and Bramlette) Bukry, 1973
Cyclolithella cricota (Gartner, 1967)

Discoaster asymmetricus Gartner, 1964

D. aulakos Gartner, 1967

. bellus Bukry and Percival, 1971

berggrenii Bukry, 1971

braarudii Bukry, 1971

brouweri Tan Sin Hok, 1927

calcaris Gartner, 1967

challengeri Bramlette and Riedel, 1954

decorus (Bukry) Bukry, 1973

deflandrei Bramlette and Riedel, 1954

exilis Martini and Bramlette, 1963

hamatus Martini and Bramlette, 1963

intercalaris Bukry, 1971

kugleri Martini and Bramlette, 1963

neohamatus Bukry and Bramlette, 1969

neorectus Bukry 1971

pentaradiatus Tan Sin Hok, 1927

quingueramus Gartner, 1969

signus Bukry, 1971

. surculus Martini and Bramlette, 1963

tamalis Kamptner, 1967

. triradiatus Tan Sin Hok, 1927

D. variabilis Martini and Bramlette, 1963

Discolithina japonica Takayama, 1967

D. multipora (Kamptner ex Deflandre, 1959) Martini, 1965
Emilignia huxleyi (Lowmann, 1902) Hay and Mohler, 1967
Gephyrocapsa caribbeanica Boudreaux and Hay, 1967

(. oceanica Kamptner, 1943

. omega Bukry, 1973

Helicosphaera ampliaperta Bramlette and Wilcoxon, 1967
H. euphratis Haq, 1966

H. kamptneri (Hay and Mohler, 1967)

H. sellii (Bukry and Bramlette) Jafar and Martini, 1975
Minylitha convalis Bukry 1973

Pseudoemiliania lacunosa (Kamptner) Gartner, 1969
Reticulofenestra pseudoumbilica (Gartner) Gartner, 1969
Rhabdosphaera clavigera Murray and Blackman, 1898
Sphenolithus abies Deflandre 1954

S. heteromorphus Deflandre, 1953

S. moriformis (Brbnnimann and Stradner) Bramlette and Wilcoxon, 1967
Triquetrorhabdulus carinatus Martini, 1965

T. rugosus Bramlette and Wilcoxon, 1967

Chbobbbbobbbbbbbbibbb

SITE SUMMARIES

Site 438

Site 438 holes were drilled near the top of the trench
inner wall, in 1565 meters of water. The principal objec-
tives at the site were (1) to penetrate and date a pro-
nounced seismic horizon that may represent the bound-
ary of oceanic and continental crust between the Japan
Trench and the continental shelf, and (2) to obtain a Ne-
ogene and (if present) a Paleogene geologic history of
the continental shelf and slope.

CALCAREOUS-NANNOFOSSIL BIOSTRATIGRAPHY

Of 546 Site 438 samples prepared and studied, 398
(73%) were barren or contained very rare and strati-
graphically non-diagnostic nannofloras. In those sam-
ples that yielded adequate assemblages, nannofossils
were rare to common, species diversities were generally
low, preservation ranged from poor to moderate, with
indications of dissolution and overgrowth, and the as-
semblages were mostly of extratropical aspect. Fluctua-
tions of the relative influence of the ancient Kuroshio and
Oyashio current systems; vertical fluctuations in the
CCD, which in turn may be related to eustatic and cli-
matic changes; diagenetic processes; and dilution by
hemi-terrigenous material can be invoked as causal fac-
tors accounting for the generally rare and sporadic oc-
currences.

Hole 438 (Table 3)

Within the limits imposed by the quality of recov-
ered nannofossil assemblages, the Pliocene to Pleisto-
cene sequence of Hole 438 could be zoned and dated
reasonably well. The interval encompassed by Core 1
and Section 2-6 belongs in the Emiliania huxleyi Zone,
and the top of the Pseudoemiliania lacunosa Zone is
placed in Section 2,CC on the basis of the extinction
there of P. lacunosa. Samples in Sections 3-6 and 3,CC
are within the lowermost-Pleistocene Cyclococcolithina
macintyrei Zone. Cores 4 and 6 were not recovered, and
samples within Core 5 were barren, except for 5,CC,
which contained rare and non-diagnostic nannofossils.
The Plio-Pleistocene boundary, which apparently is
within the interval encompassed by Cores 4 through 6,
could not be determined. Section 7-1 contains very rare
occurrences of Discoaster brouweri and is tentatively
placed in the Discoaster brouweri/Discoaster pentaradi-
atus Zones. Sections 7-2 through 11-6 contain sporadic
occurrences of P. lacunosa, D. brouweri, D. surculus,
and D. variabilis. In the absence of Reticulofenestra
pseudoumbilica and Sphenolithus abies, this sequence is
assigned to the Discoaster surculus/Discoaster tamalis
Zones. Samples from Core 12 were barren.

Hole 438A (Table 4)

Nannofloras were sufficiently developed in Hole
438A to zone all but a few intervals of the middle-Mio-
cene to Pleistocene sequence, although a lack of con-
tinuity of occurrences rendered zone boundary deter-
minations difficult. Core 1 is assigned to the Emiliania
huxleyi Zone. Pseudoemiliania lacunosa occurs at least
as high as Section 2-3, and the top of the P. /lacunosa
zone is postulated to occur in the wash gap between
Cores 1 and 2. Assemblages characteristic of Gartner’s
(1977) zone of small Gephyrocapsa were noted in 2,CC
and 3,CC.

A minor hiatus involving the Plio-Pleistocene bound-
ary is suspected, as the upper Pliocene D. brouweri
Zone and the lower Pleistocene C. macintyrei Zone
were not recognized. Section 4-6 through Core 6 is as-
signed to the Discoaster pentaradiatus Zone; the inter-
val between 7-2 and 7,CC is within the Discoaster surcu-
lus Zone; and 8-2 through 10-5 is in the Discoaster la-
malis Zone. The tentative top of the Reticulofenestra
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Figure 2. Calcareous-nannofossil zonation used for Leg 57 (modified after Bukry, 1975, and Gartner, 1977).

pseudoumbilica Zone in 10,CC approximates the top of
the lower Pliocene. Ceratolith species used to define the
top of the Ceratolithus rugosus Subzone were absent.
Very rare occurrences of Ceratolithus acutus noted in
26-3 through 30,CC define the lowermost-Pliocene
Ceratolithus acutus Subzone. The Miocene/Pliocene
boundary, which could not be precisely determined, oc-
curs between Cores 31 and 35.

The upper Miocene Amaurolithus primus Subzone,
as determined by the occurrence together of A. delicatus
and Discoaster quinqueramus, occurs in 36,CC through
40-6, and the underlying Discoaster berggrenii Subzone
is present in 40,CC through 45,CC. Nannofloras as-
signed to the Discoaster neohamatus Zone (Cores 49
through 55) are generally rare and sporadic. The Dis-
coaster hamatus Zone, the top of which approximates
the top of the middle Miocene, is assigned to the inter-
val between 56-1 and 61,CC. Sections 62,CC and 63,CC
belong within the Carinaster coalitus Zone, and Section
65,CC is included in the Discoaster kugleri Subzone.
Sections 66,CC through 70,CC delineate the Cocco-
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lithus miopelagicus Subzone, as indicated by the pres-
ence of Cyclicargolithus floridanus. Samples from
Cores 71 through 86 were barren or contained very rare,
non-diagnostic species.

Hole 438B (Table 5)

In Hole 438B, a re-entry hole, Cores 1, 2, and 3 were
taken at selected intervals for the purpose of establish-
ing correlation points with Hole 438A. Core 1 is within
the Discoaster neohamatus Zone and correlates with
the interval in Hole 438A from Section 49-7 through
Core 55. Core 2, assigned to the middle-Miocene Cati-
naster coalitus Zone, is coeval with Cores 62 and 63 of
Hole 438A. Cores 3 and 4 were nannofossil barren.

Cores 5 through 11, characterized by rare to frequent
occurrences of Sphenolithus heteromorphus, Discoaster
deflandrei, and Cyclococcolithina macintyrei, are placed
in the Sphenolithus heteromorphus Zone. Based on the
occurrence of S. heteromorphus, very rare, atypical
specimens of Helicosphaera ampliaperta, and the ap-
parent absence of Cyclococcolithina macintyrei, Cores




CALCAREOUS-NANNOFOSSIL BIOSTRATIGRAPHY

TABLE 2
Geological and Zonal Age of Leg 57 Cores from the Japan Trench
ZONE SUBZONE 438 | 438A | 438B | 439 440 | 440A | 440B | 441 441A | 441B
Emiliania huxleyl I-2/2-4 | cc lcc/sacc | 2Cc/3ce
Pseudoemiliania lacunosa 2CC/3-4 2-3/73cCC 4cc/TCC 1cC/15-3
Cyclococeqlithing macint yrei 3-6/3CC ISCC/BCC
Diseaaster brouweri 20-2/22-3
71
Discoaster pentaradiolus 4-6/6CC lce?
Disenaster surculus T-2/01-6 T-2/T7CC 28 CC/32-4
Discoaster tamalis 8-2/10-5 33-4/34-|
Reticulofenestra pseudoumbilica
I0CC/26-2 43-4/49-2 6 CC
Ceratolithus rugasus 2-27
Vmarnlithus T-2/7CC
) Ceratolithis acutis 26-3/30CC 7
trivornicatalios 50CC/57CC
Pricuetrorhabduliss rugass 3I-1/35CC
it sant or Amauenlithus primis 3I6CC/40-6 58-5450-4 13-1/18-1
QUINGUHIITINGS Disconster berggrenii a0CC /a5 CC I-1 /200 60-3/7I-2
Nizcoasler neohamalus 49-7 /55 CC| 1CC
Dixeoast or amaties 56-1/61CC
Catingster coalitus G62CC/B3CC 2CC 3cC
Bisigater Niscoaster kgler 65CC |
wxilix Cacenlithus miopelagicus 66CC /68CC
sphenolithus heleramor s 5CC/ICC
§5CC/24-4
lHelicozphaera ampliaperia 12 215¢CC ?
sphenolithus belemnos |
Friquetrarhabdulits carinatus 25-2/29CCT ’

12 through 15 are tentatively placed in the lower-Mio-
cene Helicosphaera ampliaperta Zone. Cores 16 through
24 were barren of nannofossils.

Site 439 (Table 5)

Site 439, just 5 km east of Site 438, was selected as a
more favorable location to complete the objectives of
Site 438, that is, to penetrate and date the acoustic base-
ment. As at Site 438, nannofossil age and zone determi-
nations were limited by sporadic occurrences, moderate
to poor preservation, general rarity, and low species
diversities. Ninety-six samples were examined; 83 (86%)
were barren or contained very rare, non-diagnostic nan-
nofloras.

Cores 1 through 4 were spot cores taken for the pur-
pose of establishing correlation points with Site 438.
Cores 1 and 2 are within the upper-Miocene Discoaster
quinqueramus Zone; the apparent absence of ceratoliths
supports placement of these cores within the Discoaster
berggrenii Subzone. Cores 1 and 2 correlate with the in-
terval in Hole 438A between 40,CC and 45,CC. Core 3
is assigned to the Catinaster coalitus Zone and is coeval
with Cores 62 and 63 in Hole 438A and Core 2 in Hole
438B. No nannofossils were present in Core 4.

Rare occurrences of Sphenolithus heteromorphus,
Discoaster deflandrei, and Cyclicargolithus floridanus
in Cores 5 and 7 suggest an assignment of these cores to
the Sphenolithus heteromorphus/Helicosphaera ampli-
aperta Zones (undifferentiated). This interval correlates
in part with Cores 5 through 15 in Hole 438B. Cores 8
through 12, 18 through 23, and 27 through 28 were bar-
ren of nannofossils. Rare and sporadic assemblages
consisting of Discoaster deflandrei, Cyclicargolithus flo-
ridanus, Reticulofenestra pseudoumbilica, and Cocco-
lithus pelagicus characterize Cores 13 through 17 and

Core 24. These intervals are tentatively considered un-
differentiated lower Miocene. Extremely rare and poor-
ly preserved nannoliths which are questionably identi-
fied as Triquetrorhabdulus carinatus were noted in 25-2
and 29,CC. This interval may belong in the 7. carinatus
Zone. Rare, diminutive, non-diagnostic Cenozoic coc-
coliths, which possibly reflect a stress environment,
were the only nanofossils present in Cores 26 and 30.
Cores 30 through 39 were barren of nannofossils.

Site 440

Site 440 was drilled on the mid-slope terrace, 28 km
landward from the trench axis, in 4509 meters of water.
At this location, seismic data indicated a relatively un-
deformed Neogene sequence dipping gently landward
above a strongly diffracting acoustic horizon.

From the three holes at Site 440, 327 samples were ex-
amined. Of these, 252 (77%) were barren or contained
very rare and non-diagnostic nannofloras. In productive
samples, nannofossils were moderately well to poorly
preserved and were very rare to abundant. The low
species diversities probably reflect extra-tropical envi-
ronmental influences and selective dissolution. Because
of sporadic occurrences, a continuous nannofossil zona-
tion was not possible, and zone and stage boundaries
sometimes could not be delineated. Nannofossil recov-
ery was enhanced somewhat by selective sampling of
light-colored, calcareous mottles of unknown origin,
occurring occasionally in otherwise barren matrices.
Approximately 25 per cent of these mottles yielded ade-
quate, sometimes abundant, nannofossil assemblages.

Holes 440, 440A, 440B (Tables 6 and 7)

All of Hole 440 (Cores 1 through 8) and Core 1
through Section 3,CC of Hole 440A lie above the
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TABLE 3
Nannofossil Occurrences at Hole 438
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Pseudoemiliania lacunosa extinction datum (Emiliania
huxleyi Zone). Reworked nannofossils, possibly attribu-
table to mixing due to slumping, were noted in Core 1 of
Hole 440. The intervals in 4,CC through 7,CC in Hole
440A and Core 1 through Section 15-3 in Hole 440B are
included in the Pseudoemiliania lacunosa Zone. The
lower boundary of this zone is uncertain, as the samples
between Cores 8 and 15 (Hole 440B) are either barren or
contain rare occurrences. The gephyrocapsid assemblage
in 7,CC (Hole 440B) is characterized by small in-
dividuals, and may correspond to Gartner’s (1977) small
Gephyrocapsa Zone. Section 15,CC (Hole 440B) is
within the lower Pleistocene Cyclococcolithina macin-
tyrei Zone, based on rare occurrences of that taxon.

In Hole 440B, Sections 20-2 through 22-3 are assigned
to the uppermost-Pliocene Discoaster brouweri Zone;
Cores 23 through 27 are barren or contain very rare,
non-diagnostic nannoliths, and Sections 28,CC through
32-4 include the Discoaster surculus Zone. Rare occur-
rences of Discoaster tamalis were noted in 33-4, and
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samples from 34, CC through 42,CC were mostly bar-
ren. The top of the Reticulofenestra pseudoumbilica
Zone is provisionally placed in Section 43-4, where R.
pseudoumbilica and Sphenolithus abies have apparent
last occurrences. Ceratoliths were too poorly repre-
sented to permit zonation of the lower-Pliocene se-
quence of Hole 440B. The base of the Ceratolithus
rugosus Zone is placed in Section 49-2, based on the
first occurrence there of C. rugosus. It was not possible
to determine precisely the Miocene/Pliocene boundary,
although the top of the Amaurolithus primus Subzone is
well documented in 58-5. The first appearance of
Amaurolithus delicatus in 59-4 marks the base of this
subzone, and the Discoaster berggrenii Subzone occurs
within the interval from Core 60 through Core 71.

Site 441

Site 441 is 15 km landward from the trench axis, on
the lower part of the trench inner slope. The site was
selected to penetrate the accretionary zone associated



with the Japan Trench. Water depths at the three holes
drilled at Site 441 ranged from 5640 to 5655 m.

Of the 61 samples studied from Site 441, only three
intervals (Section 7-2 of Hole 441, and Cores 6, 13, and
14 of Hole 441A) contained age-diagnostic nannofos-
sils. Most other samples were barren; a few yielded very
rare, diminutive, non-diagnostic nannoliths. This site is
presently well within the calcite-compensation range
and apparently has been throughout the depositional
history of the cored interval, with the exception of brief
episodes in the upper Miocene and middle Pliocene.

Holes 441, 441A, 441B

A calcareous mottle within Section 7-2 of Hole 441
contained a common but poorly preserved, almost mon-
ospecific, nannoflora. Due to dissolution around shield
peripheries and overgrowth in central areas, precise
identification of the coccoliths was difficult. The domi-
nant forms are probably referrable to Crenalithus do-
ronicoides. They may also be small to intermediate
forms of Reticulofenestra pseudoumbilica, and may
represent populations occurring near the extinction level
of that species. Larger forms more typical of R. pseud-
oumbilica were extremely rare. Equally rare compo-
nents included Discoaster sp. cf. D. brouweri and Coc-
colithus pelagicus. This sample is tentatively placed
within the upper part of the Reticulofenestra pseudoum-
bilica Zone (Pliocene).

Rare and poorly preserved nannofossils in 6,CC of
Hole 441A include Reticulofenestra pseudoumbilica.

CALCAREOQUS-NANNOFOSSIL BIOSTRATIGRAPHY

An early-Pliocene age for this sample agrees with age
determinations based on diatoms and radiolarians. Rare
and moderately well to poorly preserved nannofloras in
Sections 13-1 and 14-1 are assigned to the upper-Mio-
cene Discoaster quinqueramus Zone, based on the pres-
ence of the nominate species.

Sections 1,CC, 2-2, and 2,CC of Hole 441B contain
rare, poorly preserved small coccoliths (Crenalithus
doronocoides and/or small Reticulofenestra pseudoum-
bilica) and discoaster fragments. No definite ages can be
determined for Hole 441B on the basis of nannofossils.

In general, nannofossil evidence for Site 441 was in-
sufficient to determine repeated zones or other indica-
tions of imbrication.
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TABLE 5
Nannofossil Occurrences at Hole 438B and Site 439
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TABLE 6
Nannofossil Occurrences at Holes 440 and 440A
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Nannofossil Occurrences at Hole 440B
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