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ABSTRACT

Seven cores from the Ontong Java Plateau and vicinity 
were studied. Fifteen blozones based upon planktonlc fora- 
minifera were recognized; Kolocene horizons are suggested. 
Five benthic foraminiferal assemblages were represented.
Most of the cores studied contained one or more hiatuses. 
Reworking of older sediments Into the younger ones was 
prevalent, and discoasters are found throughout the cores. 
Severe solution of foraminiferal tests occurred only at the 
bottom of those cores taken in water depths of approximately 
Jj,000 meters.



INTRODUCTION

Statement of the Problem

The purpose of this study is to correlate the 
biostratigraphy of Hawaii Institute of Geophysics deep sea 
cores from the Ontong Java Plateau and vicinity (see "able 
1 for location) with the section penetrated during Leg 7 
of the Deep Sea Drilling Project (Scientific Staff, 1969), 
and to derive information pertinent to the interpretation 
of the structure and history of that area. Foraminiferal, 
supplemented by radiolarian and nannofossil, studies are 
used in this investigation.

TABLE 1
LOCATIONS OF HAWAII INSTITUTE OF GEOPHYSICS COPES

Core Mo. Core length 
(cm) Position Water Depth 

(m )

S67-FFC10 81 04°46.9'S, 162°19.5’E , 2,535
S67-FFC11 40 05°20.5’S, l6l°52.2’E 1,650
S68-PC7 222 06°59.2'S, 159°40.7fE 3,849
S6P-PC10 502 06°27.3’S, 158°43.9'E 2,130
S68-PC11 1,174 01°00.9'S , l6l°55.8’E 3,991
S68-PC21 788 0 4 ° 19.3 ’ S , 172°05.5’E 3,931
S68-PC23 720 04°31.0 *S, 171°48.6’E 3,538



During the last decade many attempts have been made at 
the worldwide correlation of deep sea sediments by means of 
planktonic foraminifera. Banner and Blow’s (1965a) and 
Blow’s (1969) Neogene (N.) Zonation (Table 2) has attained 
wide usage and will be followed in this report. However, 
some additional data are still needed to confirm the zones 
that are weakly defined by non-restricted species. Zone N.
23 which is characterized by Sphaeroldlnella dehlscens excavata 
Banner and Blow, and Globigerlna callda calida Parker, is an 
example of one of these weakly defined zones. These two 
species are not restricted to the above mentioned zone 
(at least in the area under investigation), thus necessitating 
a revision of Zone N.23.

Laboratory Procedure

One hundred twenty-nine samples from Hawaii Institute 
of Geophysics free-fall cores (PPC) Nos. 10 and 11, taken in 
the year 1967, and piston cores (PC) Nos. 7, 10, 11., 21, and 
23 of the year 1968 are used in this study. These cores were 
sampled at 10 centimeter Intervals.

The samples were processed as follows:
1. To obtain clean microfossils, the sample was boiled 

in hydrogen peroxide and Calgon. This procedure was avoided 
if possible.

2. The sample was wet-sieved (0.062 mm sieve opening) 
to separate the sand-size particles (normally foraminifera



TABLE 2

CORRELATION CHART OF MALAITA GROUP, TRINIDAD, AND 
BLOW'S BIOZONES WITH ONTONO JAVA HuATEAU AND VICINIT1

TRINIDAD 
VENEZUELANA 

H. M. Bolli (1 9 5 7) 
and

W. H. Blow (1959)

MALAITA GROUP, 
SOLOMON ISLANDS 

McTavlsh 
(1966)

Assemblages 
represented in 
cores studied, 
Ontong Java 

Plateau and vicinity

W. H. Blow(196J)

Globigerina calida 
calida—  

Sphaeroidinella 
dehiscens excavata 
Zone (N. 23)

Hastigerinella (3 .) 
digitata digitata—  

Hastigerina (B.) adamsi 
 here proposed_____

Globorotalia 
truncatulinoides 
truncatulinoides 
Zone (N. 22)
Globorotalia 
tooaenois 
tenuitheca 

Zone (N. 21)

Globigerina
dutertrei
fauna

Globorotalia (G.) 
mult ic ame rat a— Pu lie ni at ina

obilquiloculata 
obliqulloculata 
Zone (N. 20)
Bphaeroldlnella 

dwtllWflllö ileliloeenn — 
01 ob« »quad r Jan 

alt. lo pira alt, lo pira 
Zone (N. 19)
Globorotalia (G.) 
tumida tumida—  

Sphaeroidinellopsis 
subdehiscens paenedehiscens 

Zone (N. lo)
Globigerina 

bulloides Zone1 Globorotalia (G.) tumida 
pieis iotumida 

Zone (N. 17)Sphaeroidinellops is 
seminulina 

fauna

Sphaeroidinella
seminulina

Zone" Globorotalia (T.) 
acostaensis. . acostaensis— G. (G. ) 
merotumida 

Zone (N. l6)Globigerina
nepenthes
fauna

'Globorotalia 
menardii/ 
Globigerina 
nepenthes 
Zone "

Globorotalia 
cont inuosa 

Zone (N. 1!
Globigerina 
nepenthes/ 

Globorotalia (T.)
siakensis 

Zone (N. lU)

Globorotalia 
mayeri/ 

Globigerina 
nepenthes Zone
Globorotalia 

mayeri/g loborotalia 
lenguaensls Zone

Sphaeroidinellops is 
subdehiscens 
subdehiscens —  

Globigerina druryi 
Zone (N. .13)Globorota)ia 

fohsi robusta 
Zone Globorotalia (G.) 

fohsi 
Zone (N. 12)

not
recognized

Globorotalia 
fohsi lobata 

Zone Globorotalia (G.) 
praefohsi 

Zone (N. 11)Globorotalia 
fohsi fohsi 

Zone Globorotalia (T.) 
peripheroacuta 
Zone (N. 10)

Globoquadrina 
alt ispira 
fauna

Orbulina suturalis- 
Globorotalia (T.) 
peripheroronda 
Zone (N. 9)

Globorotalia fohsi 
barisanensis 

Zone

Globigerinoides sicanus —  
Globigerinatella 

insueta 
Zone (N. 8)Globigerinatella

insueta
Zone

Globigerinatella
insueta
fauna

Globigerinatella 
insueta-“Globigerinoides 

quadrilobatus 
trilobus 

Zone (N. 7)
Globigerinatella 

insueta/Globigerinita 
di8similis 
Zone (N. 6)

Catapsydrax
stainforthi

Zone
Globigerina

(Globigerinita)
dissimilis

fauna Globoquadrina dehiscens 
praedehiscens— (G. ) 
dehiscens dehiscens 

.... Zone (N. 5)

Catapsydrax
dissimilis

Zone

Globigerinoides 
quadrilobatus primordius— 
Globorotalia (T.) kugleri 

Zone (N. U)

Globorotalia
kugleri
fauna

Globorotalia
kugleri
Zone

Globigerina 
anguiisuturalis 
Zone (N. 3 )

to
Globigerina gortanl 

gortani/ 
Globorotalia (T.) 

centralis 
Zone (P. 17)

Cribrohantkenina 
inflata 

Zone (P. l6)

01obigerina 
ciperoensis 

ciperoensis Zone 
to

Globigerina
ampliapertura

Zone

Globigerina , ampliapertura/ 
, Globigerina. (Globigerinita) 
martini fauna

Globigerina 
ampliapertura/ 
Globigerina 

linaperta fauna

Globorotalia
cocoaensis

Zone

Globigerapsis 
semiinvoluta 

Zone

Globigerina 
linaperta/ 
Gyroidina 

octocamerata fauna

Globigerapsis 
mexicana 

Zone ( P. 1!



and Radlolaria) from the fine fraction (nannofossils).
3. Both fractions were dried in an oven of moderate 

heat (approximately 60°C).
4. The coarse and fine fractions were weighed.
5. The coarse fraction (foraminiferal and radiolarian) 

was split with a modified Otto microsplitter to obtain 
approximately 1,000 tests.

6. Species or subspecies were picked for each sample, 
mounted on faunal slides, and identified.

7. Counts were made of the number of each species or 
subspecies of foraminifera, the number of Radiolaria, and 
the number of shell fragments present in particular samples 
representing faunal assemblages of different ages.

Most of the samples contained a very high percentage of 
small foraminifera, e.g. Globigerinlta glutinata glutlnata 
(Egger) and Turborotallta humilis (Brady). In order to avoid 
consuming time in counting these small tests, the larger 
foraminifera were first counted, and the sample was then split 
until there were approximately 200-300 specimens left, from 
which the tabulations of small tests were made.

Statistical Analysis

The proportion of foraminifera relative to Radiolaria 
in the coarse fraction is significant in determining the 
Pleistocene - Holocene boundary, and serves as a measure of 
the extent of selective solution of the foraminiferal



population. Both will be discussed later. Relative per
centages of foraminifera, Radiolaria, and nannofossils 

(Table 3) are used in the classification of deep sea pelagic 
sediments (Olausson, 19^0). The percentages of each species 
of foraminifera in one sample serves as a supplementary 
criterion in recognizing the age of the sediments. Therefore, 
the following calculations were utilized.

If
a » No. of foraminifera in coarse fraction
b = No. of Radiolaria in coarse fraction
A = Percentage of foraminifera in coarse fraction 
B <= Percentage of Radiolaria in coarse fraction

A  “  (  r f b )  1 0 0  ?

B ’  ( ¡ t t t )  1 0 0  *
or

■ 100 - [ ( r n )  ]100 *
Let

Y ■ Weight of fine fraction
Z « Weight of coarse fraction
S ® Actual percentage of foraminifera and Radiolaria

(Actual percentage denotes total percentage)
P * Actual percentage of nannofossils 
Q * Actual percentage of foraminifera 
R * Actual percentage of Radiolaria



TABLE 3

RELATIONSHIPS BETWEEN THE WEIGHT PERCENTAGES OF 
NANNOFOSSILS, FORAMINIFERA AND RADIOLARIA IN THE CORES STUDIED.

Core Ho.
Sample

r i p n t 1 h
Weight (gr) Total Percentages

Weight 
(gr) Nanno-

fossils
Forami-
nifera Radiclarla

l / c p  L I l
(cm) Fine Coarse

S67-FFC10 5 3-36 4.01 7.37 45.00 55.00 -
S67-FFC10 68 3.11) 3-06 6.20 50.00 50.00 -
S67-FFC11 8 2 . 1 8 3.94 6.12 35.70 64.30 -
S67-FFC11 38 1.99 3.89 5.88 33.80 66.20 -
S68-PC7 15 2.63 0.17 2.80 94 .00 2.00 4 .00

S68-PC7 200 3.1*0 0.30 3-70 92.00 3.00 5.00
S68-PC10 69 0.64 0 . 3 4 0.98 65.00 35-00 -
S68-PC10 489 2.32 1.03 3.35 69.00 31.00 -
S68-PC1X 58 0.36 1.18 1.54 77 .00 13.10 9.90
S68-PC11 668 2 . 0 6 0.19 2.25 91.50 5.10 3.40
S68-PC11 978 2.74 0.12 2.86 96.00 0.04 3 .96

S68-PC21 25 0.83 0.53 1.36 6 1 . 1 0 3 6 . 8 0 2 . 1 0

S68-PC21 215 0.50 0.19 0.69 72.00 2 8 . 0 0 -

S68-PC21 '*75 It.47 2.31 6 . 7 8 65.30 3 0 . 6 0 4.10

S68-PC21 565 1 . 2 2 0.67 1.89 64 .70 28.20 7 .10

S68-PC21 705 2.35 0.15 2 . 5 0 93.90 0 . 0 6 6.04

S68-PC23 1 2 2 . 3 0 1.73 4.03 57.10 OmO

2 . 6 0

S68-PC23 2 2 3 . 2 6 2 . 2 6 5 . 8 6 57.50 41.10 1.40

S68-PC23 32 2.46 2.34 4 .80 51.30 47 .20 1.50

S68-PC23 3 8 2 3.77 0.54 4.31 87 .60 9-30 3.10

S68-PC23 472 4.30 0.35 4.65 9 2 . 6 0 4.90 2 . 5 0

S68-PC23 1(82 5-34 O . 85 6.19 8 6 . 3 0 1 0 . 0 0 3.70

S68-PC23 550 2.73 0.62 3-35 8 1 . 0 0 1 6 . 0 0 3.00

S68-PC23 660 6.36 1 . 2 2 7.58 84.00 0 . 2 0 1 5 . 8 0



7

p “ ( r r z  ) 100 *

s = ( r f r )  100 *
or

100
K t

Y }]l00 t+ z

I

H -
'  100

Let
c ® No. of specimens of a species in split examined 
d = No. of specimens of a species in one sample/gr 

of original sediment 
n * No. of times split

e.g. 20 specimens of Globlgerinoides ruber are 
found in a portion of a 2.00 gr sample that has 
been split H times ( = 1/16 fraction).

No. of G. ruber/gr of sediment = 2^ x 20 = 160
2

Let
e * Mo. of benthic foraminifera
f = No. of planktonic foraminifera
benthic : planktonic = e : f
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RESULTS AND DISCUSSIONS 

Effects of Solution on Foramlnlferal Tests

According to Bramlette (196l) the critical level of 
4,500 meters in the Pacific Ocean is called the "compensa
tion depth", below which the calcium carbonate content of 
deep-sea sediments decreases rapidly with depth. However 
Peterson (1966) showed that in the central Pacific the rate 
of solution of calcium carbonate increases rapidly at 3,700 
meters, however solution acts selectively on foraminiferal 
shells even above this depth (Berger, 1967). Phleger,
Parker and Peirson (1953) found that species of Globlgerlnoides 
are attacked by solution before species of Globorotalia.
Berger (1967) suspended foraminiferal specimens from deep- 
sea sediments of the East Pacific Rise at various depths for 
4 months, and found that modern Globlgerlnoides species are 
selectively dissolved over thick shelled foramlnlfera, e.g. 
Globorotalia (G.) tumlda and Globorotalia (G.) truncatullnoldes.

All cores studied were obtained from depths between 
1,600 and 4,000 meters (see Table 1). Thus effects of solu
tion are more or less to be expected. Four of the cores 
studied closely approximated the calcium carbonate compensa
tion depth. There are indications of severe solution at the 
bottom of the cores S68-PC11, S68-PC21, and S68-PC23, at the 
intervals of 913-111 cm, 665-715 cm, and 660-729 cm respect
ively. The percentage of foramlnlfera is markedly low,



approximately 1%, whereas siliceous microfossils constitute 
a major portion of the sediments. The calcareous zone 
indicators susceptible to solution are mostly missing, e.g. 
Globlgerlna llnaperta in S68-PC21, and Globlgerlnoldes 

quadrllobatus prlmordlus in S68-PC23, giving rise to a 
distorted picture of the faunal assemblages. Additional 
evidence of solution is partially peeled-off foraminiferal 
walls. This exposes the smooth, second layer which may 
lead to a misidentification when species can be differen
tiated only by smooth or coarsely textured walls. Globl
gerlna ampllapertura BoHi and Globlgerlna pseudoamplla- 
pertura Blow and Banner are good examples of such species. 
This factor requires special consideration when solution is 
suspected.

Sedimentatlon

Arrhenius (1952) stated that in the east equatorial 
Pacific during glacial periods the equatorial current system 
increased the intensity of upwelling in the region of 
divergence, giving rise to a high productivity of planktonic 
population in that area. Thus carbonate-rich sedimentary 
layers are found at these intervals. During warmer, inter
glacial periods the intensity of upwelling was decreased, 
inhibiting high productivity of planktonic organisms, and 
giving rise to lower contents of calcium carbonate in the 
marine sediments. Hays and others (1969) found eight

10.



distinct carbonate cycles in the Brunhes series of sediments 
from the east equatorial Pacific, and suggests eight major 
glacial fluctuations during the last 700,000 years. However, 
Blair (1965) discovered that there are no differences in 
the carbonate percentages of both intervals in sediments of 
the southernmost Pacific. Moreover, some warm or inter
glacial layers have higher carbonate content than the 
sediments deposited during glacial time.

There are no pronounced changes in the carbonate content 
of the sediments under investigation through Pleistocene 
time. Moreover, during Miocene, Pliocene and Recent time 
the relative percentages of nannofossils and foraminifera to 
Radiolaria fluctuate without definite direction. All of the 
samples investigated contain very high percentages of nanno
fossils (33.8-96.05?) and the foraminiferal percentages range 
up to 66.2^. The percentage of Radiolaria is very low 
(1.4-15.8^) compared to the previously-mentioned microfossils 
(Table 3). The differences between the sediments investigated 
here and those examined by Arrhenius (1952) and Hays and 
others (1969) may be due to differences in locations of the 
cores. Their cores are located in the region of the equatorial 
upwelling, whereas the cores studied are located south of 
that region (Pig. 1), thus the latter are not effected by this 
current system. The percentage of diatoms, sponge spicules, 
and mineral grains is small and can be excluded.

11.



Empty planktonic foraminiferal tests can be transported 
117 nautical miles by surface current of one knot, while 
settling 2,000 fathoms (Blair, 1?65). At the northern part 
of the Ontong Java Plateau, the flowing direction of the 
ocean current is more or less east to west, setting about 
15-30 miles per day. At the eastern and southeastern 
margins of the plateau the current system has more or less 
the same trend, with occasional flows in the northeast to 
southwest direction (Hydrographic Office, 1959). Sub
surface current data are not available. Thus, whereas the 
total assemblages in the bottom sediments might not originate 
in the surface water directly overhead, they probably reflect 
true paleotemperatures of the surface water, as most of the 
displacement during settling has been lateral.

The sediments of the cores are composed of sand, silt, 
and clay-size particles. Most of sand fraction is foramini- 
fera and Radiolaria, and also includes diatoms, sponge 
spicules, and mineral grains. The foraminifera range in 
size from 0.125 to 0.500 mm and Radiolaria range from 0.062 
to 0.125 mm. The silt and clay fractions are composed 
mainly of nannofossils. There are indications of other 
organic remains e.g. pollen and spores and minerals. In 
general, clay and silt predominates over the sand-size 
particles. Thus the sediments are dominantly nannofossil 
ooze, and only cores S67-PFC10 and S67-PFC11 are of nanno- 
fossil-foraminiferal ooze.

12.



The foraminlferal assemblages of Pliocene to Pecent 
sediments indicate the environment of deposition as tropical, 

with temperatures exceeding l8°C (Bandy, 1 9 6 9), conforming 
to the Equatorial West Central Assemblage of Gradshaw (1959). 

The indicative species of foraminifera are:
Globorotalla cultrata menardll 
Globorotalla tumlda tumlda 
Globlgerlna conglomerata 
Globlgerlna dutertrel
Globlgerinoldes quadrllobatus saccullfer 
Candelna nltlda nltida 

Pullenlatlna spp.
Sphaeroidine11a spp.
The older assemblages, consisting of extinct species, 

are also tropical in character, as shown by their reported 
distribution in relation to the equator (Bolli, 1957a,
1957b, 1957c; McTavish, 1966; Todd, 1957;

Structural History

The Ontong Java Plateau is approximately 750 km wide 
and extends more than 1,500 km in a northwest-southeast 
direction parallel to the Solomon Islands in the southwestern 
Pacific Ocean (Pig. 1). The central portion of the plateau, 
at DSDP Site 64, is approximately 1,700 m below sea level.

The section is composed of highly stratified, conformable

13.



Fig. 1. Core Locations and their Relationships to 
the Stratigraphic Section at DSDP Site 64.





sediments. The margin of the plateau, where most of the 
Hawaii Institute of Geophysics cores were obtained has a 
complex physiographic pattern (L. Kroenke, personal 
communication). To date, the bathymetric data are 
inadequate to define the eastern and southern margin of 
the Ontong Java Plateau.

Woollard and others (1967) noted that active tectonic 
mobility characterizes the region of the Solomon Islands. 
The Ontong Java Plateau has been moderately deformed as 
Indicated by horsts and grabens, and the en echelon 
pattern of folding along the southern margin. The eastern 
part is characterized by a steep escarpment and fractures 
suggestive of slumping and gravity sliding. An erosional 
en-entrant (submarine canyon) is predominant in the north- 
east (L. Kroenke, personal communication).

Paleontological evidence from cores studied conforms 

to the structure and historical events of this area.
Seismic reflection records In the area of cores S68-PC21 
and S68-PC23 beyond the eastern edge of the plateau, show 
erosional features which may have resulted from slumping 

or gravity-sliding events. Paleontological evidence 
shows many hiatuses present in both cores, and reworked 
sediments are prevalent. The area where cores S67-FFC10 

and S67-FFC11 are located also shows erosional features, 
but there are no hiatuses represented in these short cores 
(Fig. 6).

15.



However, S68-PC11 (Fig. 3), which is located in the 
channel of the northeastern submarine canyon of approximately 

6.5 km width, shows a peculiarity. The late Miocene deposits 
from 918-111 cm contain a 10 cm thick layer (968-977) of 
early Pleistocene foraminiferal assemblages and Miocene- 
Pliocene nannofossils. This phenomenon may be expected in 
the channel of any submarine canyon that is a track for the 
transportation of turbidites from higher areas. The 

interbedding of Miocene and Pleistocene strata can be 
explained partly as follows: During early Pleistocene
time, the area was subjected to a turbidity current which re
deposited there in mass sediments with late Miocene fossils. 
With the subsequent cessation of the current, a layer of 
early Pleistocene sediments was deposited. Erosion might 
have occurred afterward leaving only a very thin layer of 

early Pleistocene deposits. Then the area was subjected to 
slumping again and late Miocene sediments from the same 
source were again transported in the canyon and redeposited. 

Finally the area was calm, and the sequences of Pleistocene- 
Recent sediments were deposited. All of these events may 
have occurred in Pleistocene and Recent time.

S68-PC7 and S68-PC10 are located in the most folded and 
complicated area of the Ontong Java Plateau, its southern 

flexure north of the Malaita fold belt. Core S68-PC7 
contains both faecal pellets and quartz. Nannofossils 

provide evidence of Pliocene or older material reworked into



Pleistocene sediments. There are two controversial 
proposals for the origin of quartz grains in this core.

First, they may be derived from granodiorite bosses 
reported in andesitic and basaltic lava of Eocene-Oligocene 
age on Santa Ysabel Island or the western part of Guadalcanal 
(Coleman, 1963). The weathering products of the grano
diorite bosses must have been transported to the area of 
deposition before late Miocene, which is the time of active 

folding in that area. Otherwise the folding systems would, 
have been a trap for the sediments before they reached their 
present location. Second, they may have been transported 

to the place of deposition by wind. Revel and others 
(1955) and Arrhenius (1 9 6 6) noted the presence of silt-size 
quartz in Pacific pelagic sediments, and suggested eolian 
transport as an explanation. Rex and Goldberg (1958) 
interpret the presence of well-sorted quartz concentrations 
of 1 to 20 microns size in the Eastern Pacific Ocean as 
of wind-borne origin. In addition, Heath (1 9 6 9) observed 
quartz of windborne origin as prevalent in deep sea 
Quaternary sediments in the equatorial Pacific Ocean.

The presence of the faecal pellets may be explained In 
two ways as follows: First, they may have been deposited in
Pleistocene time when slumping or gravity sliding was 
limited, leading to a quiet environment of deposition.
The faecal pellets originated as the waste products of 
nectonic Crustacea e.g. copepods and mysids, and worms
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living on the sea floor. Second, they may have been 
transported by turbidity currents from a near shore area, 
however, this explanation seems to be hardly possible, 
since there is no tracks for the transportation of the 
sediments from the Solomon Islands to the location of 
S68-PC7, as previously described.

S68-PC10 is located in an area where the seismic 
profile shows features of erosion. Comparison of the 
seismic records with those of adjacent area suggests that 
approximately the upper 200 to 280 meters of the section 
is missing (L. Kroenke, personal communication). The 
paleontological evidence is in agreement, as the late 
Pliocene to Recent sections are absent, and only middle 
Pliocene to late Miocene fauna can be recognized.

In conclusion, the paleontological evidence and seismic 
reflection data both indicate that in general, the margins 
of the Ontong Java Plateau have experienced moderately 
active movements.

Correlation with Deep Sea Drilling Project Site 6H

DSDP Site 6  ̂ is located near the central part of the 
Ontong Java Plateau (Fig. 1), a fairly stable area, 
characterized by thick, continuous and conformable strata. 
The thickness of the cored section is 985 meters, represent
ing sediment accumulation from late Eocene to Recent.
Basalt basement was not reached. The rate of sediment
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accumulation at the site is approximately 2.5 cm/1,000 yr 
(Scientific Staff, 1969). The sediments are mainly 
calcareous ooze, indicating deposition under open sea 
conditions, above the depth of strong solution of calcium 
carbonate.

The Hawaii Institute of Geophysics cores are located 
mostly on the flanks of the plateau, where slumping and 
gravity sliding occurred during and after deposition 
(Fig. 1). Moreover, they are located in deeper water than 
the DSDP boring, giving rise to a slower rate of sediment 
accumulation and thinner strata. The rate of deposition 
of core S68--PC21 is approximately 0.27 cm/1,000 yr, about 
10 times slower than the average rate at Site 64. The 
other cores, without continuous sections, are inadequate 
for calculating the rate of sediment accumulation. Because 
they are located in deeper water, where solution of forami- 
niferal tests generally is more than of nannofossils, all 
cores studied except S67-FFC10 and S67-FFC11 are of 
nannofossil ooze. The latter two are from approximately 
the same water depth as the DSDP Site 64 and thus contain 
similar sediments, nannofossil-foraminiferal ooze.

Apart from the differences mentioned above, the 
foraminiferal assemblages of the cores studied correlate 
very well with portions of the section at DSDP Site 64.
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Pliocene - Pleistocene Boundary

Ericson and others (1963) reported the complete 
extinction of dlscoasters above the Pliocene - Pleistocene 
boundary, and used this criterion as a clue in determining 
the boundary. Wray and Ellis (1965), Akers (1965) and 
Bandy (1967a) observed the disappearance of dlscoasters 
within the lower part of the Pleistocene. However,
McIntyre and others (1967) found the presence of all 
species of dlscoasters throughout the Pleistocene, though 
the numbers decrease drastically upward. The same is 
true for the cores studied, in which dlscoasters are present 
throughout, except for the upper 758 cm of core S68-PC11. 
Sediments representing Pleistocene deposits of all the 
cores studied except S68-PC21 contain Dlscoaster brouwerl 
Tan Sin Hok, D. challengerl Bramlette and Riedel, D. 
varlabllls Martini and Bramlette, and D. deflandrel 
Bramlette and Riedel. The ages of these species range from 
middle Miocene through Pliocene. S68-PC21 contains D. 
deflandrel throughout the Pleistocene section. P. deflandrel 
is abundant in the lover sections, whereas the other 
species are rare, thus it is preserved in the reworked 
Miocene - Pliocene sediments of the Pleistocene section.
Most dlscoasters in all cores are broken and corroded.
This might be due to reworking of the sediments by 
burrowing organisms, or slumping and gravity-sliding 
activities which prevailed in the area.
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Benthlc ^oramlnlferal Zonatlon

There are slight changes In deep bathyal and abyssal 
benthlc faunas with time. Five benthic faunal assemblages 
were recorded for the following time Intervals:

1. Pleistocene - Recent benthic fauna 
Alveolophragmlum subglobosum (G. 0. Sars)
Clblcldes pseudoungerlanus (Cushman)
Pyrgo murrhyna (Schwager)
(Pyrgo murrhyna is reported in Miocene sediments 
of Buff Bay, Jamaica, by Cushman and Todd, 1945)

2. Pliocene - Recent benthlc fauna 
Melonls pompllloldes (Fichtel and Moll)

3. Late Miocene - Recent benthlc fauna 
Ehrenberglna hystrlx Brady 
Latlcarinlna pauperata (Parker and Jones)
Planullna wuellerstorfl (Schwager)
Qulnquelocullna venusta Karrer

4. Early Miocene - Recent benthlc fauna 
Cassidullna 3Ubglobosa Brady 
Eggerella bradyl (Cushman)
Eplstominella exlgua (Brady)
Eponldes bradyi Earland
Eponldes umbonatus (Reuss)
Favocassldullna favus (Brady)
Flssurlna spp.
Pullenla bulloldes (d'Orbigny)
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Pullenla quinqueloba (Heuss)
5. Early Miocene ~ Late Miocene benthlc fauna 

Clblcldes mundulus (Brady, Parker and Jones) 

Gvroldlna zealandlca Finlay
(Gyroldlna zealandlca Is found In New Zealand 
In Oligocene to Pliocene strata)

According to the lists above, many species endured 

through long periods of time, e.g. faunas 2, 3 and 4, 
which leads to a monotonous picture of the total benthlc 
assemblages with time (Figs. 2 and 3).

In determining the age of deep sea sediments, benthlc 
species are of little value, because of their much slower 
rate of evolution as compared to planktonic species. The 
latter reflect changes in the surface waters leading to 
rapid evolution, and because of their wide distribution, 
serve as a basis of worldwide correlation.

The ratio of benthlc to planktonic foraminifera 
fluctuates in the cores (Table 4), as in the present 
environment of deposition.

Planktonic Foramlniferal Zonation

The rapid evolution, worldwide distribution, and 
adequate specimens of the planktonic foramlniferal species 
in the cores studied enable their Identification with the 

biosones of Banner and Blow (1965) and of Blow (1969). 
However, the zonal sequences are discontinuous because of
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Fig. 2. Ranges of the Biostratigranhically Important 
Behthonic Species of Core S68-PC23.
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Fig. 3. Ranges of the Riostratigrarhically 
Important Benthonic Species of Core 
S68-PC11.
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OCCUR R E N C E  O F  THE BIOSTRATIGRA PHTCALLY IMPORTANT PLANKTON IC ANO BF.NTMONTC 
FORAMIN T F E P A L  SPECIES, AND BFNTHONTC : PI.ANKTONTC RATTO OF THE CORES STUDIED.

P L E ISTOCENE-RECENT
ZONE N. ?3 N. 22 1 . 

21 N. 19 N. 18 N. 17 M .13
-Il

M.
6-9

H.
U

r . 
16

CORF. NO. RFC FFC }.<- PC v r PC FFC FFC PC re re l'C PC re re re re re re re re re re reI ì II V !» li r 11 21 = 1 i» 21 22 in 22 il 22 ? 2 22 22 21
D EPTH IN CORE fon») 5 8 15 58 25 12 68 38 200 668 ?lr 22 «•75 6o 565 32 '•89 38? 978 H7? '•82 550 660 705

PLANKTONIC SPECIES

0LOBICF.RINA

unclporolies ........................ - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _
calli« esilia ...................... t t t. t
calli» p rarcallda ................

conglomerata ...................... r - r - r. t _ _ _ r f c _ s _ f

*■ — ” “ ~ ~
dutertrel ..........................

galavl*! ............................ - - - _ _ _ _ _ _ _ _ _ _ . . . a
gortanl gortanl ................. - - - - - - - - - - - - - - - - - - - _ - - - r

praebulloldea leroyl v a r ....... a

pseudoampllapertura ............ - - - - - _ - _ _ _ _ _ _ _ _ _ . . . a

rubescens ir«d) .................

tripartita ........................ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ e

r r * r a c - ~
OLOBIOERINOIDES

bollii ............................. r f - - - a a - - r - - P - - P 3 - r r - - -
conglobatila conglobatila ...... p c r r c c f c - s - - c - r c r r - c - - - -
obllquua obllquus .............. - - - - - - a a - - _ _ - P _ r r a _ r _ _ _ _
obllquus extremus - - - - - - a P r - a c c - r - - - -
quadrllobatus f l s t u l o s u s ....... - - - - - t f f
quadrllobatu9 lmmaturus ....... a f r 3 f c r, P - r - - a s - f r c r c c P r -
quadrllobatus s acculifer ..... a r r r D f P P - 8 - - f p c a P c r c c c - -
quadrllobatus trlloUua ........ r c r r e c s P c r f r s f - 3 P 3 r c c p r -
ruber .............................. a a c P a a a a c r P a c a c a r - r r - - - -
alcanua ............................ - - - - - - - - - - - - - - - - - - - - t - -
subquadratus ..................... - - - - - - - - - - - - - - - - - - - - r - - -
GLOBI CERI MITA

dissimili.-. d t s s l m l l i s , ......... t - r
glutlnata glutlnata ............ a a r a a a a a c a - - a a - a a c r r c a - -

p r

stalnforthl stalnforthl ....... t _ r
unicava primitiva .............. - - - - - - - - - - - - - - - - - - - - - - e
GL0B1GERINATF.LLA

insusta ............................ - - - - - - - - - - - - - - - - - - - - r - e
GL0B0QUADR1HA

altlsplra altlsplra ............ - - - - 8 P - - - - - c - - c c r c f - r -

altlsplra globosa .............. - - - - - S r r c - c r - r -

EG-
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TABLE *l -- Continued

PLEISTOCFNE-RF.CF.NT
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hexagon« variabili« .......... - - - - - - - - - - - - - - - - r t «. _ _ r _

HASTIOFRINA

adamsl ............................ t t - t - t •

alphonlfera alphomlfera ..... c c r a a r c a 8 r f c - 8 - P c r - r - - _ -
alphonlfera I n v o l u t a ........ - - - - - - - r - - - - - C - r r
HA3TIGERINELLA

d i gitata dig i t a t a  ............. - - t t t t
ORBULINA

auturalls ........................ - - - - - - - - - - - - - - - - - - - - - - r -

universa ......................... r r r r r - a c - r r t t t t 8 8 t r t t - - -
P ULLENIATINA

o b i 1quiioculata rinalla ..... t - r f e

obilqulloculata o b l i q u i loculati t 8 8 a P r 8 a C c f r 8 t 8 f
obllqulloculata p r a e c u r s o r  .. - t

prlmalls ......................... P P r - - - f r - - - - C a 8 P
apectabllla ..................... - - - - - - - - - - - - - - - - f r
SPHAFROIDINELLA

dehiacena dehlscens ........... a a r r t t C t t r r r r t - S
dehlscens dehlscens forma

SPHAER0IDINELL0PSI3

aemlnullna kochl .............

aemlnullna aemlnullna ........ - r t - - - - r - - - - - t C - r c r 3 r - - -

a ubdehlscens p a e n e d e h l a c e n a . . - r

a ubd e h l scena aubdehlacena ... t 8 - r c r 8 r - - -

T U RBOROTALITA

humllla .......................... a a - P a a a P - a f - - a a a a - - - r - - -

lota .............................. a a - a t a a c - 8 c

OTHER GENERA

Blorbullna bil o b a t a  ........... - - - - - - - - - - - - - - - s r t

Candelna n i tida nitida ....... t P r - c P - c - - r - - 9 - a r t - - y - - -

C h l l o g u e m b e l Ina cubenals .... r

r

H antkenlna alabamenala ....... r

P aeudohastIgerlna bartadoennls r

BENTHOHIC SPECIES

Bollvlna guadalupae ........... - - - - - - - - - - r - - - - - - - - -
Caaaldullna aubgloboaa ....... - r - r - - r 8 - r - r - - - r - r - r V 8 - t

Clblcldea n undulus ............ - - - - - - - * - - ! - - - - - - - - p - - - t

Ciblcidea p s e udoungerlanua .. - - r r - t - - r - t - - - - - - - - - - - -
Dentallna c ommunis ............ - - - - - - - - - r - - - - - - - - \- - - - - -
Eggerella bradyl .............. - t - r - t t 8 - - t t t t t
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TABLE il —  Continued

STAGE PLEISTOC ENE- RECENT PLIOCENE MIOCENE
ZONE N. 23 N. 22 N.
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a
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-----

Eponldes bradyl .................. - - r s t s - f s s t c t f t s r - r _ _ _ _ t
Eponldes umbonatus .............. - - r r t t - - r a s - - - t r - - t _ _ _ r _
Ehrenberglna hystrlx ............ - - - - - - t - - 4 - r - - t - - _ _ t _ _ _ _
Pavocassldullna favus .......... - - t - - - - r - J t r t r . _ _
Plssurina fimbriata ............. r t
Pissurlna formosa ...............

Plssurina laevigata ............. r t
Pissurlna marginata .............

Plssurina spinosa ................ r r
Gyroidlna neosoldanll ...........

Oyroldlna zealandlca ............ - - - - • - - - - j- - - - - t - t _ t t t r t
Lagena sldebottoml .............. - - - - - - - - - r
Lagena sulcata .................. , - - - - • r - - - V - - - - - - - - _ _ _ _ - _
Latlcarlnina pauperata ......... - t - - - - t - - - - - _ _ _ _ _ t _ c _ _ _ .
Melonla ‘arleeanus ............. - - t 4 r t t t r r r t _ r -
Nelonls p o m p IlioIdes ............ - - t 4 - t - - r
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Planullna wuellerstorf1 ........ r t - r t - - r - t - t - t - c _ _ _ _ _ _ _
Pullenla bulloldes .............. - - - r - - - - - s t r - - t s - - r - _ _ _ _
Pullenla qulnqueloba ............ - f t - - - - - r - s - - - - r r - - _ _ r t
Pyrgo murrhyna ................... - t r r r _ _ _ _ r _ L r _ _ _ _
Pyrulina angusta ................. - - - - - - - - - - - - - - - - - r _ _ _ _ _
Pyrullna fuslformls ............. - - - r - - - - r _

Qulnquelocullna venusta ........ _
Stllostomella s p .................. r
Stllostomella lepldula .......... - - - - - - - - - - - - - t - _ _ s _ _ _ _ _
Uvlgerlna s p ....................... r s - - - r
Uvlgerlna bradyana .............. - - - - - - - - r ri
Uvleerlna bruenensis ............ - - - 1 - - - - - rj - - - - - - - - j - - - - -

Bathyslphon discreta ............ - - r - - - - - - - - - - - - - - - . _ _ _ _ _
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c - common (76-200 specimens/gram sediment) 
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f » frequent (201-500 specimens/gram sediment) 

p ■ prevalent (501-1000 specimens/gram sediment) 

a • abundant () ]000 specimens/gram sediment )



many hiatuses in the short cores. One new biozone is 
here proposed, and Holocene horizons are suggested.

Zones recognized in the Hawaii Institute of Geophysics 
cores are described below according to their faunal contents: 

Zone P. 16 Crlbrohantkenlna inflat a.
(middle part of late Eocene)
S68-PC21, 665-719 cm (Pig. ¿I)

The fauna is characterized by Crlbrohantkenlna inflata 
(Howe), which is restricted to this zone. Globlgerlna 
pseudoampllapertura Blow and Banner and Globlgerlna 
galavisl Bermudez are abundant; Hantkenlna alabamensls 
Cushman, Globlgerlna tripartita Koch, and Globlgerlnita 
unlcava primitiva Blow and Banner are common. Globorotalla 
(31*) centralis Cushman and Bermudez, Globlgerlna aff. 
prasaepls Blow, and Pseudohastigerina barbadoensls Blow 
are rare. Globlgerlna praebulloldes leroyi var. Blow and 
Banner is present, and there are traces of broken Globoro
talla cerroazulensis (Cole).

Absence of Globlgerina llnaperta Finlay and the presence 
of only a small number of Globorotalla (T.) centralis are 
anomalous. This might be due to the effects of solution, 
as was previously mentioned.

This zone is partly comparable to the Globlgerina 

ampllapertura/Globigerlna llnaperta fauna of McTavish (1966), 
from the Malaita Group, British Solomon Islands (Table 2), 
which is defined by the association of abundant Globlgerlna
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Pig. if. Ranges of the Biostratigraphically
Important Planktonic Foraminlfera of 

Core S68-PC21.
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ampllapertura Bolli with frequent Globlgerina llnaperta.
These species are absent from the fauna of the core 
studied, possibly due to the effects of solution, as 
previously mentioned. Moreover when the ranges of all 
species in the assemblage are examined, Zone P. 16 of the 
area studied lies slightly below McTavish’s zone.

Zone N. 4 Globlgerlnoldes quadrllobatus prlmordlus/ 
Globorotalla (Turborotalla) kuglerl 
(earliest Miocene, Aquitanian, part) 
S68-PC23, 660-729 (Pig. 5)

This faunal assemblage is characterized by Globorotalla 
(5**) kuglerl Bolli, however, the more primitive form G.

5 mendacls Blow which defines the previous Zone N. 3 is 
present here. There Is no Indication of Globlgerlnoldes 
quadrllobatus prlmordlus Banner and Blow, but the presence 
of 5.* quadrllobatus Immaturus LeRoy indicates an age of at 
least the middle of Zone N. 4. The absence of the former 
species is probably the result of selective solution, 
since the tests of G. quadrllobatus immaturus are partially 
peeled off. Globorotalla (T.) slakensls LeRoy is abundant. 
Globlgerlna tripartita, Globoquadrina dehlscens dehlscens 
(Chapman, Parr and Collins), G. dehlscens praedehiscens Blow 
and Banner, G. altlsplra altlsplra (Cushman and Jarvis), and 
Globlgerina venezuelana Hedberg are rare.

The fauna is partly comparable to the Globorotalla 
kuglerl fauna (Table 2) of the Solomon Islands, which 
McTavish (1966) defines by the dominant species, Globorotalla
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Fig. 5. Correlation of Core S68-PC10 with CoreS68-PC?3, and 
Ranges of the Biostratigraphically Important 
Planktonic Foraninifera of Core S68-PC23.
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kuglerl, and contains Globigerlna clperoensls angullsuturalls , 
G . clperoensls clperoensls, G. ampllapertura and Globorotalla 
opima nana.

Zone N. 9 Orbullna suturalls - Globorotalla
(Turborotalla) perlpheroronda 
(middle Miocene, early Langhlan) 

to
Zone N. 6 Globlgerinatella lnsueta/Globlgerlnlta

dlsslmllls
(early Miocene, late Aqultanian to early 
Burdlgallan)
S68-PC23, «492-650 cm (Pig. 5)

This foraminiferal assemblage shows the characteristics 
of both Zone N. 6 and Zone N. 9. Globorotalla (T. ) slakensls 
LeRoy and Globoquadrlna dehlscens dehlscens, Globlgerlnoldes 
quadrllobatus lmmaturus, G. quadrllobatus trllobus (Reuss), 
Globoquadrlna altlsplra altlsplra and G. altlsplra globosa 
are common. There are traces of Globlgerlnlta dlsslmllls 
dlsslmllls (Cushman and Bermudez), G. unlcava unlcava 
(Bolli, Loebllch, and Tappan), G. stalnforthl stalnforthl 
(Bolli, Loebllch, and Tappan), and Globlgerinatella lnsueta 
Cushman and Stalnforth. These species Indicate an a,ge as 
old as Zone N. 6 , since Globlgerlnoldes quadrllobatus trllobus 
first appears in the middle of this zone, and the other 
species range within the zone.

Rare specimens of Globlgerlnoldes slcanus de Stefani, 
Globorotalla (G.) praemenardll praemenardll Cushman and 
Stalnforth, Globorotaloldes hexagona varlabllls Bolli, and 
Orbullna suturalls Brflnnimann are present. This faunal



assemblage indicates an age of Middle Miocene (Zone N. 9).
These zones can be compared to three faunal zones 

(Table 2) of the Malaita Group (McTavlsh, 1966).
1. The upper part of the Globigerlna (Globlgerlnlta) 

dlsslmllls fauna, characterized by the con
currence of G. (G.) dlsslmllls, G . (G.) unlcava 
and Globlgerlnoldes quadrllobatus.

2* Globlgerinatella lnsueta fauna, which Is defined 
by G. lnsueta and Globlgerlnoldes slcanus♦

3. The lower part of the Globoquadrlna altlsplra fauna 
of which G. altlsplra Is the most abundant species.

Zone N. 13 Sphaeroldlnellopsls subdehlscens
subdehlscens - Globigerlna druryl 
(Langhian part, Middle Miocene) 

to
Zone N. 11 Globorotalla (G.) praefohsl

(Langhian part, middle Miocene)
S68-PC23, «»82-492 cm (Pig. 5)

The faunal assemblages are dominated by Globorotalla 
(T.) slakensls, Globoquadrlna altlsplra subspp., G. 
dehlscens dehlscens, and Globlgerlnoldes subquadratus 
Brfinnimann. The common species are Globorotalla (T.) 
perlpheroronda, Globlgerlnoldes quadrllobatus immaturus, 
and G . quadrllobatus trllobus, whereas Globorotalla (G.) 
cultrata cultrata (d'Orbigny), G. (G.) praemenardll 
praemenardll Cushman and Stalnforth, G. (G.) praemenardll 
archaeomenardll Bolli, Sphaeroldlnellopsls subdehlscens 
subdehlscens Blow semlnullna semlnullna (Schwager) and 
Globorotalla (G.) fohsl Cushman and Ellisor are rare.
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According to Blow (1969), G. (G.) fohsl ranges from 
the base of Zone N. 12 to within Zone N. 13, Sphaeroldlnel- 
lopsls subdehlscens subdehlscens first occurs at the base 
of Zone N. 13, whereas Globorotalla (T.) perlpheroronda 
ranges from within Zone N. 6 to within Zone N. 11 ? Zone 
N. 12. The ranges of these critical species indicate the 
ages of upper Zone N. 11 to the lower part of Zone N. 13. 
These biozones are not recognized in the Malaita Group, 
British Solomon Islands (Table 2).

Zone N. 17 Globorotalla tumlda olesiotumida— — -      - .....    .

(Messinian, part, late Miocene)
S68-PC11, 918-1111 cm (Fig. 3); S68-PC10,
472-482 cm (Fig. 5)

The foraminiferal assemblages at these intervals are 
characterized by dominant Miocene fauna, whereas the 
species which first occur in the Miocene, but are more 
abundant in the Pliocene to Recent, are comparatively rare. 
Globlgerlna nepenthes Todd, Globigerlnoldes boll.ll Plow, and 
Globorotalla (T.) acostaensls acostaensls Blow are abundant. 
Globoquadrlna altlsplra altlsplra, G. altlsplra globosa, 
Globlgerlna Venezuelans, Globigerlnoldes quadrllobatus 
lmmaturus, G. quadrllobatus trllobus, Sphaeroldlnel1opsls 
semlnullna semlnullna are very rare.

The absence of Globorotalla (G.) tumlda tumlda and the 
association of 0. (G.) tumlda pleslotumlda and G. (G.) 
merotumlda Indicate Zone N. 17. A transition form between 
Globigerlnoldes obllquus obllquus Bolli, and G. conglobatus
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conglobatus (Brady), which is very hard to place definitely 
in either species was found in the cores. This might be 
the primitive form of G. conglobatus conglobatus which first 
occurs In this zone.

This assemblage is comparable to the lower part of 
the Sphaeroldlnellopsls semlnulina fauna (Table 2), the 
Malaita Group, British Solomon Islands (McTavish, 1966), 
which Is defined, by the abundance of Sphaeroldlnellopsls 
spp, of which s. semlnulina semlnulina is dominant. McTavish 
reported the extinction of several species at the top of 
this zone. These species are Globigerlna apertura, 
Globoquadrlna altlsplra globosa, G. dehlscens dehlscens, 
Globigerlna venezuelana, Sphaeroldlnellopsls semlnulina, and 
S. subdehlscens. All of these species become extinct 
between lower Zone N. 19 and basal Zone N. 20. This suggests 
that McTavish's fauna extends to the base of Zone N. 20, 
thus Is late Miocene to Pliocene rather than late Miocene 
as it was placed by him.

Zone N. 18 Globorotalla túmida túmida -
Sphaeroldlnellopsls^ subdehlscens 
paenedehlscens
(Late Miocene - early Pliocene, late 
Messinian - early Zanclian)
S68-PC10, 479-489 cm; S68-PC23,
382-472 cm (Fig. 5)

The foraminlferal assemblages of this zone in core 
S68-PC10 from the southern margin of the Ontong Java Plateau 
are somewhat different in S68-PC23 from the eastern margin.
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The faunal assemblage from S68-PC23 is composed of the 
dominant species Globlgerlna nepenthes and Globorotalla 
(T.) acostaensls acostaensls. Globoquadrlna altlsplra 
altlsplra, G. altlsplra globosa, Globorotalla (G.) 
merotumlda , Sphaeroldlnellopsls subdehlscens subdehlscens, 
and S. semlnullna semlnullna occur frequently. Globorotalla 
(G.) tumlda tumida, G . (G.) tumlda pleslotumlda and 
Globlgerlnoldes quadrllobatus flstulosus (Schubert) are 
rare. The co-existence of Globorotalla (G_.) tumlda tumlda 
and G. (G.) tumlda pleslotumlda defines this zone, and the 
determination Is confirmed by the left colling direction 
of' Pullenlatlna prlmalls Banner and Blow (Hays and others, 
1969; Brdnnimann and Reslg, In press).

The faunal assemblage of the comparable zone on the 
southern margin of the Ontong Java Plateau (S68-PC10) Is 
quite similar to the above mentioned fauna, but Globorotalla 
(&•) margarltae Bolli and Bermudez, indicating colder water 
(Blow, 1969), and Sphaeroldlnellopsls subdehlscens 
paenedehlscens Blow, the immediate ancestor of Sphaeroldlnella 
dehlscens dehiscens (Parker and Jones) are present. 
Globlgerlnoldes quadrllobatus flstulosus is absent here.
The coiling direction of Pullenlatlna spectabllls and P. 
prlmalls are mostly to the left, thus confirming Zone N. 18. 
The absence of Globlgerlnoldes quadrllobatus flstulosus 
might indicate selective solution occurring in this area, or 
perhaps a different horizon was sampled.
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Zone N. 19 Sphaeroidlnella dehlscens dehiscens - 
Globoquadrlna altlsplra' altlsplra'
(Pliocene)
S68-PC10, 9-^79 cm (Pie;. 5); S68-PC21, 
565-655 cm (Pip. 4); S68-PC23, 32-372 
cm (Pig. 5)

There are slight differences in the faunal assemblages 
of this age in the cores studied. In core S68-PC21, the 
dominant species are Pullenlatlna prlmalls, P. obllqulloculata 
praecursor Banner and Blow, P. obllqulloculata obllqulloculata 
(Parker and Jones), 70% of which coil to the left, and 
Globorotalia (G.) tumlda tumlda, Sphaeroldlnellopsls 
subdehiscens subdehiscens and S. semlnulina semlnullna are 
found frequently. Sphaeroidlnella dehlscens dehlscens forma 
lmmatura (Cushman), which is restricted to this zone, and 
§.• dehlscens dehlscens occur rarely. There are traces of 
broken specimens of Globigerlnoldes flstulosus. The 
dominance of Sphaeroldlnellopsls subdehiscens subdehiscens 
and the left coiling direction of the Pullenlatlna spp. 
indicate the lower part of Zone N. 19 (Hays and others, 1969; 
Brdnnimann and Resig, in press).

In S68-PC10 the foraminiferal assemblage Is nearly 
the same as the above mentioned fauna. The assemblage 
from 9-^79 cm is consistent throughout, except for an 
anomalous occurrence of what appears to be red Globlgerlna 
rubescens Parker at 319 cm. This is unexpected as red 
specimens of this species range from Pleistocene to Recent 
(Parker, 1967; Blow, 1969). A few specimens resemble

36.



Immature Globlgerlna conglomerata conglomerata Schwager, 
which may be pink in color (Resig, personal communication), 
but most of them are typical G. rubescens.

S68-PC23 contains the same species as S68-PC21, but 
98/5 of the Pullenlatlna spp. coil to the right. Globoro
talla (T.) crassaformls oceanlca Cushman and Bermudez and 
9.* ) crassaformls ronda Blow are rare. Globlgerlna
dutertrei d ’Orbigny, Globorotalla (G.) tumlda flexuosa 
(Koch), and Globlgerlna callda praecallda Blow are common.
The coiling direction of Pullenlatlna spp. and the occurrence 
of modern species, e.g. Pullenlatlna obllqulloculata 
obllqulloculata and Globlgerlna dutertrei indicate that this 
assemblage lies within the upper part of Zone N. 19.

Blow (1969) defined Zone N. 20 by the partial ranges of 
Globorotalla (G.) multlcamerata Cushman and Jarvis and 
Pullenlatlna obllqulloculata obllqulloculata (Parker and 
Jones), and the species which characterize this zone such 
as Globorotalla (G.) mlocenlca Palmer, Globlgerlna borealis 
Brady, and Globorotalla (T.) acostaensls pseudoplma Blow. 
Since the concurrence of Globorotalla (G.) multlcamerta and 
Pullenlatlna obllqulloculata obllqulloculata ranges from 
upper Zone N. 19 to within Zone N. 21, Globorotalla (G.) 
mlocenlca is not present in the sample studied, Globlgerlna 
borealis is a cold water species (Blow, 1969), and Globoro
talla (T.) acostaensls pseudoplma only sporadically occurs 
in the samples investigated, it Is possible that Zone N. 20 
has been overlooked.



Zone N. 21 Globorotalla (T.) tosaensls tenultheca 
(Pliocene to extreme basal Pleistocene)
S68-PC21, ^75-555 cm (Fig. 4)

The following are two distinct faunal assemblages of 
this portion of the section, indicating specimens from Zone
N. 19 (assemblage 2) have been reworked into Zone N. 21
(assemblage 1):

1. Globorotalla (Turborotalia) tosaensls tenultheca 
Blow G . (T.) tosaensls tosaensls Takayanagi and 
Saito

Pullenlatlna obliquiloculata obllquiloculata 
Sphaeroidlnella dehlscens excavata Banner and Blow 
Globorotalla acostaensis pseudoplma Blow

2 . Sphaeroidlnella dehlscens forma immatura 
Pullenlatlna obliquiloculata praecursor 
P. prlmalls

/Globorotalla (G.) ungulata Bermudez
Seventy five percent of the Pullenlatlna spp. coil to 

the right in both assemblages.
This zone can be compared to the lower part of the 

Globlgerlna dutertrel fauna of the Malalta Group (McTavish, 
1966), which is characterized by large numbers of Globlgerlna 
dutertrel and the presence of the species Globorotalla 
truncatullnoides, (it is assumed here that G. (G.) trunca- 
tullnoldes appears in the higher portion of this fauna), G. 
tumlda tumlda, G. puncticulata (Deshayes), G. cultrata 
multlcamerata (Cushman and Jarvis), Pullenlatlna obllqullo-



ill.

culata, and Sphaeroldlnella dehlscens. By looking; at the
faunal assemblages it can be easily seen that this fauna

should lie between the base of Zone N. 20 and the top of
Zone N. 23 (Pliocene - Recent). It is impossible to place
it in upper Miocene to Pliocene as stated by McTavish (1966).

Zone N. 22 Globorotalia truncatulinoides truncatu- 
llnoldes
(Pleistocene)
S68-PC7, 45-200 cm (Fig. 6); S68-PC11, 
543-908 cm (Fig. 3); S68-PC21, 265-^75 
cm (Fig. il) ; S68-PC23, 22-32 cm (Fig. 5); 
S67-FFC10, 10-81 cm; S67-FFCII, 8-33 cm 
(Pig. 6)

Sediments from S68-PC11, S68-PC21 (195-265 cm) and 
S68-PC23 show no indication of reworked Pliocene foraminifera, 
but the rest show species reworked from Zone N. 19 into Zone
N. 22.

One faunal assemblage contains mainly the common species 
of Pleistocene age as stated below:

Globorotalla truncatulinoides truncatulinoides
G . (G.) truncatulinoides pachytheca Blow 
Globigerina rubescens (red)
G . calida calida
Pulleniatlna obliqulloculata flnalls Banner and Blow 
P . obliqulloculata obliqulloculata 
Sphaeroldlnella dehlscens excavata 
The dominant species are Globorotalla (G.) tumida 

tumida and Pulleniatlna obliqulloculata obliqulloculata.
Globorotalla (G.) cultrata menardll (Parker, Jones and Brady)
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and G. (G.) cultrata cultrata (d'Orbigny) are larger than 
the same species in the Pliocene. They predominantly coil 
to the left indicating a Pleistocene age, as stated by 
Ericson and others (1963) and Bandy (1967a).

Sediments of S68-PC11 (2*48-908 cm) are peculiar. The 
fauna in this interval shows a consistently Pleistocene age, 
but sporadically a few specimens of Sphaeroldlnella dehlscens 
dehlscens forma lmmatura occur. There are no other indica
tions of the presence of Pliocene fauna. This might suggest 
that S. dehlscens dehlscens forma immatura is not restricted 
to Zone N. 19.

The second faunal assemblage contains not only the 
species of the first, but also species from reworked 
Pliocene (N. 19) strata as listed below:

Sphaeroldlnella dehlscens dehlscens forma lmmatura 
Globlgerlnoldes quadrllobatus flstulosus 
Pulleniatlna primalls 
P . obliqulloculata praecursor 
Globoquadrlna altisplra altlsplra
G . altisplra globosa
This zone can be compared to the middle part of the

Globlgerlna dutertrel fauna (Table 2), of the Malaita Group,
British Solomon Islands (McTavish, 1966).

Zone N. 23 Hastlgerlnella dlgltata dlgltata/
Hastlgerlna adamsl
(Late Pleistocene-Holocene)
S68-PC7, 0-45 cm (Pig. 6); S68-PC11,
0-5*48 cm (Pig. 3); S68-PC21, 0-195 cm



(Fig. 4); S68-PC23, 0-22 cm (Fig. 5); 
S67-FFC10, 0-10 cm; S67-FFC11, 0-8 
cm (Fig. 6)

The writer is reluctant to use the name Globlgerlna 
calida callda/Sphaeroldlnella dehlscens excavata to define 
Zone N. 23 as both S. dehlscens excavata and G. calida 
calida were found to extend below Zone N. 23. Sphaeroidlnella 
dehlscens excavata extended at least to Zone N. 21, and 
Globlgerlna calida calida at least to Zone N. 22. Thus it 
is impossible to use these species to distinguish this zone 
from the older zone N. 22. The writer found Kastlgerlnella 
dlgltata dlgltata and Kastlgerlna (B.) adamsl to be restricted 
to this interval, and thus they can be used as indices of 
Zone N. 23. In addition Brfinnimann and Pesig (In press) 
suggest the first occurrence of Kastlgerlna adamsl in 
defining the base of N. 23 and the top of N. 22.

Essentially the same foraminiferal assemblages continue 
from the underlying-zone into this zone. Kastlgerlnella 
dlgltata dlgltata is found more frequently than Hastlgerlna 

) adamsl. Globlgerinoides ruber (d’Orbigny), which 
ranges back to late Miocene, reaches its acme in this zone.

Bandy (1967b) found In a study of deep basinal cores 
from off Southern California, a significant increase in 
the number of radiolarlans per gram of sediment at and 
above the Pleistocene boundary. Frerichs (1968) also found 
the same trend in his study of the sediments from the Indian 
Ocean, and Duncan and others (1970) used the percentage of
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planktonic foraminifera and radiolarians as the parameter 
for determining Holocene sediments off Oregon. He concluded 
that above this boundary the percentage of radiolarians to 
foraminifera is between 50-100#, whereas below the boundary 
the foraminifera constitute almost 100# of the faunal 
relationship.

The writer has perceived the same trend in the sediments 
of S68-PC23 (5 cm) and S68-PC21 (0-2 cm) which are 
characterized by 50-60# radiolarians, indicating warmer 
periods, whereas below these horizons, their numbers 
decrease to 0 to 5#, indicating glacial periods. The faunal 
boundary changes are abrupt, as indicated by Duncan and 
others (1970). Thus the Pleistocene - Holocene boundary 
can be placed at the level mentioned above. Even though 
these two cores are located near the compensation depth, 
severe solution fails to explain why there is a high forami- 
niferal content below the Pleistocene - Holocene boundary.
If solution acted above the boundary, it should have acted 
more or less on the sediments below the boundary. The 
other cores show no remarkable change in the percentages of 
these two microfossils. They are mostly located at the 
flanks of the plateau, where slumping and gravity sliding is 
prevalent; thus the Holocene sediments may have been trans
ported away.

This zone is comparable to the upper part of the 
Globlgerlna dutertrel fauna (Table 2), the Malaita Group, 
British Solomon Islands (McTavish, 1966).



Systematic Paleontology

Two species require further mention because of the 
particular variance of each with previously published Infor
mation. The specimens designated Globorotalla. (T.) obesa 
in this report are somewhat different than Bolll's (1957) 
holotype, but were considered to be within the range of 
variation of the species. In addition, specimens of 
Sphaeroidlnella dehlscens dehlscens forma Immature in 
typical development occur in the core outside of the 
commonly accepted range of the species, and identification 
of this form therefore requires special confirmation.
These species are discussed fully below:

Globorotalla (T.) obesa Bolli, Pi. Ill, fig. lOa-c.
Globorotalla obesa Bolli, 1957, U* ¡5. Nat. Mus., Bull.,

No. 215, p. 119, pi. 29, 
figs. 2a~3-

Shape of the specimens in the Hawaii Institute of 
Geophysics core: Low trochospiral, containing 9-10 chambers
arranged in 2 1/2 whorls, with 4 1/2 chambers in the final 
whorl. The chambers increase In size rapidly, but less so 
than in the holotype. The ventral eameral sutures are 
radial and shallow rather than deeply incised as in the 
holotype; dorsal eameral sutures radial and rather deep. 
Thus, the chambers are not as separated as in the holotype. 
The umbilicus is fairly wide and deep. The aperture is an 
interior marginal, umbilical - extraumbilical, moderately



high arch, bordered by a thir. rim-like lip. The aperture 
is slightly lower than that of the holotype. Wall, calcareous, 
finely pitted with short spines.
Largest diameter: 0.5-0.6 mm
Occurrence: S68-PC10, 69-^70 cm
Remarks: This species resembles Globorotalla (T.) acostaensls
pseudopima, which first occurs in the middle Pliocene, but 
the species described contains a more highly arched aperture 
than Globorotalla (T.) acostaensls pseudopima.

Sphaeroldlnella dehlscens dehlscens forma lmmatura
(Cushman)' PI. Ill, fig. 15a-b.
Sphaeroldlnella dehlscens forma lmmatura (Cushman),

1919} Carnegie Inst.,
Washington, Publ., Washington, 
no. 291, p. ^0 , pi. 14, fig. 2.

Sphaeroldlnella dehlscens (Parker and Jones), Parker,
1967, Bull. Amer. Paleont., 
vol. 52, no. 235, p. 160, pi.
23, fig. 8a .

Sphaeroldlnella dehlscens lmmatura (Cushman), Brdnnimann
and Resig, in press, from DSDP 
Site 64.

Test small, the largest specimen is approximately 0.5 
mm in diameter. Chambers are not well separated. Primary 
aperture is a closed, elongated slit. The test is similar

shape, but it possesses a small, circular or oval dorsal 
supplementary aperture.

S. dehlscens dehlscens forma lmmatura occurs mainly from 
the base to the upper part of Zone N. 19, but some are found
sporadically in sediments of Pleistocene age in core S68-PC11



(248-908 cm).

The Ontong Java Plateau is an area of moderately 
complex physiographic patterns. A thick sedimentary 
column with a high rate of accumulation occurs at the central 
part, whereas thinner sedimentary layers that accumulated 
more slowly are at the margins. Hiatuses in the sedi
mentary column are common around the periphery. The 
sediments are composed mainly of calcareous microfossil 
skeletons, mainly foraminifera and nannofossils. The 
nannofossils predominate over foraminifera and radiolaria 
in the late Eocene to Pliocene sediments, but the Pleistocene 
sediments contain more foraminifera than nannofossils. 
Adequate, generally well-preserved foraminifera enable 
correlations to be made with Banner and Blow’s (1965a) 
and Blow’s (1969) Neogene (N. Zonation, although there is 
some indication of severe selective solution of sediments 
deposited at approximately ^,000 meters. Discoasters, 
which occurred throughout the core length of all the cores 
studied except core S68-PC11 (0-758 cm), assisted in 
determining the reworking of older sediments into the 
younger ones.

The foraminiferal biozones of the Ontong Java Plateau 
correlate well with the foraminiferal fauna of the Malaita 
Group, British Solomon Islands (McTavish, 1966). This

CONCLUSION



evidence can be used as one criterion for suggesting that 
the island of Malaita formed from a part of the Ontong Java 
Plateau.

The ranges of Globigerlna calida calida and Sphaeroldl
nella dehlscens excavata in the plateau sediments extend at 
least to Zone N. 22, and thus the species cannot be used 
as the index fossils defining Zone N. 23. Hastlgerlnella 
dlgltata dlgitata and Hastlgerlna (B.) adamsl are proposed 
as the indices for recognizing Zone N. 23.

Sphaeroldlnella dehlscens dehlscens forma lmmatura was 
found sporadically in Pleistocene sediments that contained 
no other foraminiferal Indices of the Pliocene. Thus the 
previously accepted restriction of this species to Zone N.
19 should be reconsidered.



Explanation of Plate I

Figure
la-c Globlgerlna calida calida Parker

X5Ö , from Sample S68-PC7, 45 cm; fig. la, 
umbilical view; fig. lb, side view; fig. 1c, 
spiral view.

2a-c Hastlgerlna (B.) adamsl Banner and Blow
X$0, from Sample S68-PC23, 12 cm; fig. 2a,
umbilical view; fig. 2b, side view; fig. 2c,
spiral view.

3a-c Kastlgerlnella dlgltata dlgltata Brady 
X50, from Sample S68-PC11, 8 cm; 
fig. 3a, umbilical view; fig. 3b, 
side view; fig. 3c, spiral view.

4a-c Sphaeroidlnella dehlscens excavata Banner and Blow 
X50, from Sample S6Ö-PC21, 55 cm;
fig. 4a, umbilical view; fig. 4b,
side view: fig. 4c, spiral view.



r



Explanation of Plate II

5a-c Globorotalia (G.) merotumida Blow and Banner 
X50, from Sample S68-PC11, 918 cm; 
fig. 5a, umbilical view; fig. 5b, 
side view; fig. 5c, spiral view.

^a_c Globorotalia (G.) tumida plesiotumida Blow and Banner 
X50, from Sample S68-Pci~l7~918 cm; 
fig. 6a, umbilical view; fig. 6b, 
side view; fig. 6c, spiral view.

7a-c Globorotalia (G.) tumida tumida (Brady)
X50, from Sample S68-PC237 3"82 cm; 
fig. 7a, umbilical view; fig. 7b, 
side view; fig. 7c, spiral view.

8a-c Globorotalia (T.) tosaensls tosaensls
Takayanagi and Saito 
X50, from Sample S68-PC21, 465 cm; 
fig. 8a, umbilical view; fig. 8b, 
side view; fig. 8c, spiral view.

9a-c Globorotalia (G.) truncatulinoldes 
truncatullnoldes (d’OrbignyT 
X50, from Sample S68-PC21, 265 cm; 
fig. 9a, umbilical view; fig. 9b, 
side view; fig. 9c, spiral view.

Figure





Explanation of Plate III

10a~c

lla-c

12a-c

13

1*4

15a-b

l6a-b

17a~c

Figure

18

Globorotalla (T.) obesa Bolli
X50, from Sample SF8-PC10, 319 cm;
fig. 10a, umbilical view; fig. 10b,
side view of a specimen showing the aperture
which is comparatively more arched than in
Globorotalla (T.) acostaensls pseudopima
(figr lib)*- fig. 10c, spiral view.
Globorotalla (T.) acostaensls pseudopima Blow
X50, from Sample s6fi-PClI7*498 cm;
fig. 11a, umbilical view, test is comparatively
more compact than In G. (T.) obesa;
fig. lib, side view; fig. 11c, spiral view.
Globlgerlna rubescens (red) Parker 
X50, from SamplV S67-FFC11, 8 cm; 
fig. 12a, umbilical view; fig. 12b, 
side view; fig. 12c, spiral view.
Globlgerlna nepenthes Todd
X50, from Sample S68-PC23, 382 cm;
umbilical view.
Globigerinoides quadrilobatus fistulosus (Schubert) 
X25, from Sample S68-PC23, 102 cm; 
umbilical view.
Sphaeroldlnella dehlscens forma lmmatura (Cushman) 
X50, from Sample"S68-PC11, 258 cm; 
fig. 15a, umbilical view showing small, sub- 
sphaerlcal dorsal opening; fig. 15b, side view.
Sphaeroldlnellopsls subdehlscens subdehlscens (Blow) 
X50, from ¡Sample S68-PC21, 565 cm; fig. l6a, 
umbilical view showing an elongate, slit
like aperture; fig. 16b, spiral view.
Sphaeroldlnellopsls seminulina seminulina (Schwager) 
X50, from Sample ST8-PC10, 319 cm; fig'. l'7a, 
umbilical view of a specimen containing four 
chambers; fig. 17b, side view showing deep 
and wide apertural opening; fig. 17c, spiral view.
Pulleniatlna obliqulloculata fInalis Banner and Blow 
50X, from Sample S5$-PC11, 350 cm; 
side view.
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