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ABSTRACT

As a result of the quantitative and qualitative analyses of forzminifera frem 18 surlace sedi-
ment eamples taken from the Central Pacific Ocean, three assemvlages of benthonic foraminitera in
different water depthe are preliminarily recognized, naniely, (3 shelf assemblage ot Amphistegina
eerosa (Fichtel and Moll) and “alcaryne iAispida Beady, inhabiting areas with water depths less thaxn
100 m, (ii) bathyal assc:ablage of Glovocassiduliza subglobosa (Brady) and Osangularia bengualensss
(Schwager), wili water depthy rangiog from 900 to 4800 m, and (iii) abyssal assemblage of Criéro-
stomoides subglobosum (Sars) and Cystammina galeata (Brady), characteristic of water depths greater
than 4800 n However, the assemblage of the planktonic foraminifera in all 18 sediment samples is
quite similac and consists mainly of 26 species, such as Globigerinoides ruber (d’Orbigny)}, G. succu-
lifer (Brady), G. conglobarus (Brady), Globoquadrina dutertrei (d'Orbiguy), Pulleniatinu obliguilo-

cubata (Parker and Jones), etc.

I. INTRODUCTION

Foraminiferal test is an important component of ocean sediments as well as a sensitive
indicator of marine sedimentary environments. In the marine geological research. the fo-
raminiferids play an important part in such investigations as geochronology, palaeoclimatology,
palaecoceanography, sea-floor spreading. CaCO, cycle, sea level variations and stratigraphic
correlation.

In 1978, a series of ocean bottom samples were collected by National Bureau of Oceanog-
raphy from the Central Pacific Ocean and Providing a wealth of materials for the study of
foraminifera in the Pacific Ocean in our country.

18 surface sediment samples discussed in the paper are from the tropical area of the
northern part of South Pacific Ocean (between 171°—178°30'E, 178°—179°30'W and
6°—17°S) (Fig. 1). An average temperature of the surface layer water is about 26°—29°C
throughout the year. Sampling depths range from 45 to 5400 m. representing the sedimentary
envirooments from shelf edge to deep sea basin.

The primary purpose of this study is lo recognize the distribution of foraminiferal as-
semblages and their quantity in the surfuce sedinients and to discuss the factors influencing their

distribution on the sea bottom.
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Fig. 1. Sampling sites in the Central Pacific Ocean.

II. PLANKTONIC FORAMINIFERA

The foraminifera found in the surface sediments from the Central Pacific Ocean

consists mainly of the following 26 species (ranking of species in order of decreasing number):
Globigerinoides ruber (d’Orbigny) (Plate I, Figs. 5—8), G. sacculifer (Brady) (Plate [,
Figs. 9—12), G. conglobatus (Brady) (Plate 1, Figs. 2—4), Globoguadrina dutertrei
(d’Orbigny) (Plate II, Figs. 11—12), Pulleniatina obliqutloculata (Patker and Jones) (Plate
iI, Figs. 14—15), Globigerinita glutinata (Egger) (Plate I, Figs.,24f25; Plate II, Figs.
7—8), Globorotalia menardii (d’Orbigny) (Plate II, Figs. 22—23), G. tumida (Brady),
Globigerina rubescens Hofker (Plate I, Figs. 18—19), Globigerinella acéuilutcralis (Brady)
(Plate 1, Figs. 26—29), Globorotalia truncarulinoides (d’Orbigny) (Plate II, Figs. 20—21),
G. crassaformis (Galloway and Wissler) (Plate II, Figs. 16—17), G. scitula (Brady)
(Plate I, Figs. 18—19), Globigerinoides tenellus Parker (Plate 1, Figs. 14—15), Globige-
rina quingueloba Natland (Plate I, Figs. 5—6), Orbulina universa d’Orbigny (Plate I,
Fig. 13), Candeina nitida d’Orbigny (Plate 11, Fig. 13), Sphaeroidinella dehiscens (Parker
et Jones) (Plate 1, Figs. 16—17), Globigerina falconensis Blow (Plate I, Figs. 22—23),
Globorotalia humilis (Brady) (Plate II, Figs. 1—2), Globoguadrina hexagona (Natland),
Globigerinella adamsi (Banner et Blow) (Plate I, Figs. 20—21), Globigerina digitata Brady
(Plate 1, Fig. 1), G. bulloides d’Orbigny (Plate II, Figs. 9—10), G. pumilio Parker
(Plate 11, Figs. 3—4), Globoguadrina conglomerata (Schwager), etc.

The above-listed 26 species are almost the tropical and subtropical forms, while the
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species of the temperate zone. such as Globigerina bulloides. are extremely rare. The collset-
ing direction of planktonic foraminiferal tests which indicate the temperate difference of sea
water does not change within the arew. These ure in agreement with the condition that water
temperature of the surface laver in the studied ocean region averages over 26°C throughout the
year. This shows thar the area belongs to the ecean region of the tropical zone under the
contro! of warm current.

The genera and species of pianktenic foraminifera! assemblage in all the seliment samples
taken from the area are about the same and are dominatel by Globigerinoides ruber, . sac-
culifer, Globoquudrina dutertrei, Pulleniatina obliquiloculata and Globorotalia menardii, of
which the first two species make up about 60% of the planktonic population. Besides. such
species as Globigerinoides conglobatus. Giobigerinita glutinoia. Globorotalia rumida. Glei-
gerina rubencens, Orbulina umiversa, Globigerinella acquilarrolic. Globigerina gurzquelobu.
etc. are also quite common. However, there are somne ditferences in ihe sediment samples
taken from the northern part of the arsa (ie.. in the Meianesia Basin) where planktonic
fornminiferal tests have been int=nsely subjecte! to sclution. so thar the solution-resistant species
such as Pulleniatina ohliquiloculara, Globosroralia menardii. Globoguadrina dutetrei, appear in
great numbers, but the solution—susceptible species like Globigerinodes ruber, G. sacculifer,
etc. are mueh less or even none.

The numbers of the foraminiferal tests m the surface sediments of the area are mainlv
controlled by the water depth. The average number of the foraminifera per gram of sediment
is only 5 specunens at a depth less than 100 m. 70680 specimens at a depth between 900

and 4800 m, and less than 10 specimens or none at a depth greater than 4800 m (Fig. 2,
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Tuable 1). The low number in shallow water region is due to the coarse deposition materials,
high deposition rate, ubundant benthonic organisms und u thinner water layer of planktonic
feruminifera living, while that in the deep water region is due to the strengthened carbonate
dissolution under low temperature and high hydrostatic pressure. That is why the highest

content of foraminiferal tests in the surface sediments occurs in sub-deep sea (900—4806 m).
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At the same time. the percentage which planktonic foraminifera makes up the number of
the total population also changes with depth. The average percentage of planktonic foram-
inifera is less than 1% in the region with water depth less than 100 m. more than 98%

at a depth between 900—4800 m and less than 10% at water depths greater than 4800 m.

1I1. BENTHONIC FORAMINIFERA

More than 300 species of benthonic foraminifera are found in 18 surface sediment samples
from the Central Pacific Ocean. The areas of the most abundant foraminifera are located in
the shallow sen and in the upper part of sub-deep sea. And the numbers reduced in deey
sen. The average number of benthonic foraminifera per gram of sediment is 1130 2t a depth
less than 100 m. 445 at a depth between 900 to 48007 m. and about 7 at « depti
greater than 4800 m. Tt is obvious that the number of foramimfera decreasze with the
mcrease of water depth.

Three assemblages of benthonic fcraminifera were preliminarily established in the area.
ench representing the environmient at different waier depths:

(1) A shel® assemblage representel by such species as dmphistegina venosa (Fichtel and
Moll) (Piate 1T, Fig. 10), Calcarina hispida Brady (Plate T, Figs. 7—8). Heterostegina
uborbicularis 3’ Orbigny (Plate IIL. Fsg. 9). Schlumbergerina alveoliniformis (H. B. Brady)
(Plate 1II, Figs. 1—-2), Marginopora vertcbralis Quoy and Gaimard (Plate II, Figs. S—6),
Triloculina kerimbatic (Heron-Allen and Earland) (Plate TII, Figs. 3—4), Cymbaloporetta
bradyr (Cushman) (Plate 11, Figs. 11-—12) and .inomalinella rostrata (Brady) (Plate III,
Figs. 13—14). Most of them are with greater tests related to coral reefs in the shallow
water of the tropical zone and scarcely seen in the deeper water ares except for Cymbalopo-
revta bradyi.  The assemblage is distributed in the aten with a depth less than 100 m.

(2) A bathyal assemblage represented by such species as Globocassiduline subgloboca
(Brudy) (Plate 1L, Figs. 17—18), Osangularia bengalensis (Schwager) (Plate IV, Figs.
11—12) and Epistominella exigua (Brady) (Plate IV, Fig. 7). distributed in the sea-floor
with a depth ranging from 900 1o 4800 m. Three subassemblages may be distinguished:

(1)  Rosalina pacific (Hofker) (Plate 1V, Fig. 6) subassemblage in the region with a
water depth of 900 to 1300 m. the common species are Roselina pacific, Bolivinella folia
(Parker and Jones) (Plate I, Figs. [5—16). Cyméaloporetta bradyi, Fijiella simplex
(Cushman) (Plate TI. Figs. 19—20). Uvigerina asperula Czizek (Plate 1V, Fig. 1). etc.

(ii)  Gavelinopsis praegeri (Heron-Allen and Earland) (Plate IV, Figs. 9—10) sub-
assemblage, the common species are Gavelinopsis praegeri, Pullenia bulleides (d’Orbigny) (Plare
IV, Fig. 15), Uvigerina asperula, Fijiella simplex, Cibicides wuellerstorfi (Schwager) (Plate
IV, Figs. 4—5), etc. The subassemblage is mainly distributed in the region with water
depth of 1300 to 3000 m.

(11) Cyclammina bardyi Cushman (Plate TV, Figs. 13-—14) subassemblage. the com-

mon species are Cyclammina bradyi. Fovocassidulina favus (Brady) (Plate 1V, Figs. 2—3),



FQRAMINIFERAL ASSEMBLAGES 89

Pullenia bulloides, Melonis pompilioides (Fichtel and Moll) (Plate 1V, Fig. 8), etc. The
subassemblage is chiefly distributed in the region with a water depth of 3000 to 4800 m.
(3) An abyssal assemblage of Cribrostomoides subglobosum (Sars) (Plate IV, Figs.
16—17) and Cystammina galeata (Brady) (Plate IV, Figs. 21—22) characterized by agglu-
tinant foraminifera of deep water, is mainly composed of Cribrosromoides subglobosum, Cy-
stammina galeata, C.yclammina bradyi, Glomospira sp. (Plate IV, Fig. 18) and a few of
calcareous forms such as Miliolinella sp. (Plate 1V, Figs. 19—20). The assemblage is

distributed in the Melanesia Basin with a water depth greater than 4800 m.

Water
0 1000 2000 3000 4000 5000 6000 dep‘;h(m,\

—_—— |
LB

Fig. 3. Water depth distribution ot some characteristic species in the
Central Pacific Ocean. :

1—Amphistegina venosa; 2—Heierostegina suborbicnlaris;

3—Calcarina hispida; 4-— Bolivineella folia;

S5—Cymbaloporetta bradys;
7-—~Uvigerina asperula;
9—Globocassidulina subglobosa;
11—Cibicides wuellensiorfi;

13— Favocassidulina favus,

6—Rosalina pacific;
8—Osangularia bengalensis;
10— Epistominella exiguu
12—Gaveliopsis praegeri;
14—Cyclammina bradyi;

15—Melonis pompiliodes;
17—Cribrostostomoides subglobosun:.

16—Cystammina galeata;

The distribution of the above-mentioned foraminiferal assemblages and a few of major
species (Fig. 3) clearly shows that the distribution of benthonic foraminifera has a distinct
zonality of water depth (Table 2). Another marked feature of its distribution in the area is
that the ranging pattern of benthonic foraminiferal chambers and the composition of the foram-
iniferal tests are distinct in the different water depths, that is, the area with water depth
less than 100 m is dominated by the trochospiral and planispiral tests, accounting for about
89% of the total benthonic foraminifera in the sediments on an average; the region between
900 and 4800 m is dominated by the serial and trochospiral forms, averaging up to about
74%; and the region of water depths greater than 4800 m is dominated by the agglutinant

forms, making up about 86% on the average. It is to be noted that the distribution areas of
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the three forms of benthonic foraminifera in the different water depths are just these of
the three types of the different sediments (i.c., coarse sand and gravel, silty sand and fine
sand silty clay).

Table 2

The Distribution of the Water Depth ot Benthonic Foraminiferal Assemblages and the
Content ot Foraminifera (Average Number/g) in the Surface
Sediments From the Central Pacitic Ocean

E Foraminiferal Content (Average)
Water Depth ! Individual/g
Foraminileral Asscmblages | — - A
. Mo bt
(m) | Planktonic Benthic Plankr :uu
; (96
! _i EW A L
<liw Amphistegina venosa— Culcarina hispidu ‘ = { 1136 | <
[ e B e ——— — A M\ e
] i
qu-~1300 Rosalinz part'ic |
———————\ Globocasstdulina sub- ~——
. - . Garelinops.s - = ~w
- 300— 300¢ 0 anenlaris ! 5
Y0l -4500 | 1300—3000 | globosa—.angulars pradecH 70,680 445 >9
hrigalensts _C)
N e | Cyclammina
300—4860 bradyi
< Cribrostomordes subglobosum— o
AR00 k . - —
>80 Cystammina galeata ! ‘ <10

In the deep sea sediments, the percentages of aggluiinant and calcareous tests of benthonic
foraminifera are very importent. Their distribution are closely related 1o the water depth.
In general. calcareous tests tend to predominate on plateaus. rises, ridges and upper slopes,
while agglutinant tests predominate in the sediments of deep basins. The boundary between
calcareous and agglutinant foraminifera in the most deep sea sediment: is located closely to the
carbonate compensation depth (CCD) (Echols. 1971). The percentage of calcareous tests
in the studied area is about 86% near the water depth of 4800 m, while in the region with
a water depth greater than 4800 m, it suddenly decreases 10 about 14% and that of aggluti-
nant forms rapidly increases to about 86%. The boundary of sudden change is just located
closely to the CCI of the area. It may be seen thar tluctuations in the contents of calcareous
and agglutinant foraminifera can be applied to reflect the sedimentary environments in the

deep sea.

Iv. FACTORS CONTROLLING DISTRIBUTION OF FORAMINIFERA

Since the temperature and salinity through the year show no distinct variation within the
arca, the major factors controlling the distribution of foraminiferal assemblages are water depth,
sediments typeary and carbonata dissolution. In fact. the ahove-mentioned three assemblages
of benthonic foraminifera in the sediments are just reflected in the three kinds of different
scdiment environments in the area. These environmental factors have controlled the distribution

of foraminifera and also determined the different types of sediments. They are as follows:



No. 1 FORAMINIFERAL ASSEMBLAGES 91

1. Coral and Sand Gravel of Shallow Sea (<< 100 m)

This region belongs to the shallow water environment with thriving benthonic organisms
and strong hydrodynamic action. The sediments sampled from the region are composed of
organic skeletons and their fragments. The species of benthonic foraminifera make up more:
than 99% of the total foraminiferal population and are predominantly with coral symbiotic
larger calcareous foraminifera restricted to shallow sea of the tropical zone, in which the num-
ber of three dominant species as Amphistegina venosa, Calcarina hispida and Heterostegina
suborbiculatris make up 73% of the total population (Fig. 4). Here, the foraminiferal tests
are generally large, but the majority of them were destroyed. A part of foraminifera tests were
subjected to violent! wearing. For example, the walls of Schlumbergerina olveoliniformis were
worn into holes. It is obvious that the region represests the envirorment with stronger water

powers.

2050 77 2 15 i0 1 : K E 3
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Fig. 4. Percentage of part characteristic species in the Central Pacific Ocean.

L —Amphistegina venosa; 2—Calcarina hispida
3—Rosalina pacific; 4-—-Globocassidulina subglobosa;
5—Osangularia bengalensis; 6—Epistominella exigua;

7 —Gavelinopsis praegers; 8—Melonis pompiliodes;
9—Cyclammina bradyi; 10—Cribrostomoides subglobosum;

11 --Cvstamm:na galeata.

2. Bathyal Fine Sand And Silty Sand (900—4800 m)

The bathyal sediments represent the sedimentary environment short of terrigenous debris
and are mainly made of foraminiferal tests and remains of other organisms, except those parts
which are rich with volcanic debris. Therefore, there is a large number of foraminiferal tests
in the region. The number of foraminiferal tests per gram of surface sediment may generally
exceed several ten thousand specimens or reach more than 200,000. Only samples collected
from the northern Fiji Basin (2500—4000 m) which contains a great number of volcanic debris
have several thousand specimens of foraminifera tests. The planktonic foraminifera predom-
inates in the foraminiferal population and accounts for over 98% of the total forminiferal

population. The species of planktonic population are dominated by Globigerinoides ruber, G.
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sacculifer, G. conglobatus, etc. which live in the tropical and subtropical zones. Benthonic
foraminiferal population is dominated by calcareous serial and trochospiral tests of bathyal
region. The species are various without distinct dominant species, i which the gesus and
species like Globocassidulina, Cassidulina, Epistominella, Osengularia, Cibicides, Melonis, etc.,
are ccmmon in the region, showing the features of foraminiferal assemblage in the bathyal
region. In addition, the complete foraminiferal tests within the area are well preserved in the
surface sediments below the water depth less than 3000 m, but a lot of dissolved tests of
planktonic foraminifera and solution-resistant species of benthonic foraminifera, such as Osang-
ularia bengalensis, Epistominella exiga, have been found in the region with water deptic

between 4000 and 4800 m.

3. Deep Sea Red Clay (= 4800 m)

This is the sediments located below the carbonate compensation deptli. Since the tests of
calcareous organisms in the sediments have beer strongiv subjected to sclution, the number f
foraminifera and their species are largely reduced. Tor example, in the south of the Melanesia
Rasin of the studied area, cnly 2 specimens of foraminiferal tests per gram of sediment
were found. The foraminifera of non-calcareous agglutinant tests of deep water, such as
Cribrostomotde:  subglobosum, Cystammina galeata, Cyclammina bradyi. develop in  the
sediments (i. e., red clay). Calcareous foraminiferal tests disappear nearly C(except for
Miliolinella sp.) in the region of water depths greater than 4800 m. Therefore. the foram-
inifera in the deep sea bottom is fundamentally made of benthonic foraminifera of deep water
agglutinant tests. In addition, there is a greater number of radielaria in the surface sediments.
This shows clearly that the deep sea solution contributes much ta the transformation of foram-
iniferal assemblage.

To sum up, water depth is the main factor controlling the foraminiferal distribation in
the surface sediments. It is closely related to the ccological environments which determine the
distribution  patterns of species, and alters the thanatocoencsis of foraminifera in deep sea
sediments through the effect of carbonate dissolution. [However, the type of sediments is alsc
an intluencing factor. For example, the number of foraminiferal species and their tests decreass
rapidly in the region developed with volcanic debris.  Moreover. the redeposition of the foram
iniferal fossils in the older sediments aiso influences toraminiferal assemblages. For example.
the mixed yellowish-brown redeposited fossils such as Globigerinoides fistulosus (Schubert)
(Plate I, Figs. 30—31) and Globorotalia mulncamerata Cushman at Tarvis (Plaie 1, Figs.
24—25) which are brown Pliocene index fossils, are found in the surface sediment of 112
sites from the nothern area of Fiji Island. Therefore. the mixing of the young-old fauna is
also a common factor influencing the distributien of feraminiferal assemblages in the sea floor

seaiments.
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Explanation of Plates

Plate 1

Fig. 1. Globigerina digitata Bradv. X50.

Flgs,
Figs.

Figs.

Fig.

Figs.
Fips.
Figs.
Figs.
Figs.
Figs.
Figs.

Figs.

2—4. CGlobigerinototdes conglobatus (Brady). (2), % 35; (3—4), xX80.
5—~8. Globigerinoides ruber (d'Orbigny). (5—6), %X55; (7—8), X75.
9—12. Globigertnoides sacculifer (Bradv). (5—10), X45; (11—12), X50.
13, Orbulina umiversa d'Orbigny, X 30.

i4—15. Globigerinoides tenellus Parker, X 145.

16— 17. Sphacroidinclla dehiscens (Parker and Jon=s), x i(.

1810, Globigerina rubescens Holli=r 3 730,

2021, Globtgerinelg acam: (Eanrcr e Blow). (20). % 35; (21), »40.
22--23. Cliooigerina talconensis Blow, X125,

2425, Giobigerinita glutingta (Egger). (24), ®175; (25), X165
2629, Globigerinella acqulateralis (Brady). (26), X95; (27, % 100; (28—20). x 15.

30—31. CGlobrgerinoides fistulosus (Schuberr). (3(1), % 35; (31). x30.

Plaie 11

. 1—2.  Glohorotalia humilis (Brady), X175

3—4. Globigerina pumilio Parker, W 235.

. 5—6. CGlobigerina quinquelobg Natland, X205,

. 75 Globigersnita glutinata (FEgger), X 135.

. 910, Globigerina bulloides d’Orbigny. (9). X90; (10}, x5,
- 11=12.  Glokoquadrina duterires (d’Orbigny). X i5.

. 13, Candeina ninids §’Orqigny, X55.

415 Pulleniating obliquiloculuta (Parker and Jones), x40,

. lo—=17. Globorotalia crassatormis (Galloway and Wissler). x60.

i8—=19. Globorotalia scitula (Bradv), (18), ®50; (19), %35,

. 20=21. CGloborotalia truncatulinoides (d’Orhigny), X 45.

. 2223 CGloborotalia menardss (d’Orbigny), X 25,

. 24--25. Glaborotalia multicamerata Cushman ot Tarvis, x355.
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Plate HI

Figs. 1—2. Schlumbergerina alveoliniformis (Brady), X20.

Figs. 3—4. Triloculina kerimbatica (Heron-Allen and Earland), % 35.

Figs. 5—6. Marginopora vertebralis Quoy and Gatmard, X20.

Figs. 7—8. Calcarina hispsida Brady, X25.

Fig. Y. Heterostegina suborbicularis d’Orbignv, ¥ 20.

Figr 10. Amphisiegina venosa (Fichtel and Moll), X35,

Figs. 11—12. Cymbs!cporeita 'radyi (Cushiran). (11), X65; (12), X70.
Figs. 13-—14. .4namalivella rostrata (Brady), X35.

ligs. 15— i6. Bolivinella folia (Parker and Joncs). (15), X 100; (16), XY5.
Yigs. 17—18. Globocassidulina subglobosa (Brady), X8§5.

| Figs. 19—20. Fijella smplex (Cushman), %100.

Plate IV

Fig. 1. Uvigerina asperula Czjzek, X65.

Figs. 2—3. Favocasstdulina tavus (Brady), % 80.

Figs. 4—5. Cibicides wuellerstorti (Schwager), X45.

Fig. 6. Rosalina pacific (Hoftker), X155.

Fig. 7. Epistomininclla exigua (Brady), X180.

Fig. 8. Melonis pompiliodes (Fichtel and Moll), X45.

Figs. 9—10. Gavelinopsis praegeri (Heron-Allen and Farland), % 120.
Fsig. 11—12. OUsangularia bengalensis (Schwager). (11), X105 (12), x90.
Figs. 13—14. Cyclammina bradyi Cushman, X60.

Fig. 15. Pullenta bulloides (d’Orbigny), % 150.

Figs. 16—17. Cribrostomoides subglobosum {Sars), X55.

Fig. ]8.” Glomnsoira sp. %210.

Figs. 19—-26. Miliolinella sp. (153, x50; (20), X60.

Fi%s. ‘21——22. : Cystammina gah:-uta (Brady), X55.
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ASSEMBLAGE [ -SHELF ASSEMBLAGE
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Foraminiferal Assemblages
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