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ABSTRACT 

The interplay of three important parameters, dissolution, dilution and winnowing seem to 
be controlling the state in which sediment material is preserved in the study area though most 
samples examined under the SEM were generally well preserved. 

The distribution of forty-four coccolithophore species in one hundred deep sea core-tops 
from the southwest Indian Ocean is described. Three coccolith assemblages have been recognised 
(Maputo, Agulhas Current and deep water) and are delineated by the relative abundances of 
four ecologically significant coccolithophore species ( Gephyrocapsa oceanica, Emiliania 
huxleyi, Calcidiscus leptoporus and Umbilicosphaera sibogae ). These four species are the most 
abundant in the study area and the major factors influencing their geographical distribution 
seem to be temperature, nutrient concentration and dissolution. 

Coccolith and foraminifera preservations indicate that the carbonate lysocline lies 
somewhere between 3500 and 4000 meters, resulting in the concentration of dissolution resistant 
microfossils below this depth. 

Stable oxygen isotope ratios in a planktonic foraminifera and percent abundances of E. 
huxleyi reveal that apart from cores taken in the Agulhas Passage, most of the core-top samples 
are probably less than 85,000 yrs BP. Lightest isotope ratios of -1.5 to -1.0 per mil PDB 
(equal to 22.8 to 25.1°C) occur in a narrow band on the sea floor beneath the "A" route of 
the Agulhas Current. 

These values are about 0.5 per mil PDB lighter than samples analyzed on either side of 
this band and can be explained by the Agulhas Current's elevated temperature at the ocean 
surface of between 2 to 3°C. Thus an oxygen isotope imprint of the Agulhas Current exists 
beneath it on the sea floor. 

The Agulhas Current is probably the major factor influencing sedimentation, sediment 
distribution patterns and geological features in the study area. At present it is voluminous 
and fast flowing, possibly eroding sediments 2500 meters below the surface. 

The oxygen-isotope ratios and nannoplankton counts obtained in this study indicate 
however, that the majority of samples are most probably recent or at least not older than 
85,000 years except for sediments found in the Agulhas Passage. This implies that sediments 
are accumulating on the ocean floor and that the current does not have a pronounced erosional 
influence, at least in areas from which cores were retrieved for this study. 
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1. INTRODUCTION 

1.1 LIVING COCCOLITHOPHORES 
Coccolithophores are minute (2-25 microns 

diameter), unicellular marine phytoplankton 
ubiquitously distributed throughout the photic 
and upper aphotic zones of the world's oceans, 
except in polar water masses (McIntyre et al 
1970; Okada and Honjo 1973; and Okada and Mc­
Intyre 1977), and together with diatoms and 
dinoflagelates, constitute a major part of 
the marine phytoplankton. Production is 
greatest in high latitudes where they often 
dominate the phytoplankton assemblages (Braarud 
1945), but have been reported to contribute 
up to 25% of total production in mid latitudes 
(Hutchings et al 1984). Living coccolitho­
phores are frequently stratified in the water 
column and show a preference for subtropical­
tropical waters where highest diversities 
have been recorded (McIntyre and Be, 1967; 
Okada and Honjo, 1973; Honjo and Okada, 1974; 
Honjo 1977). Their distribution in the water 
column appears to be influenced by current 
systems, temperature, light intensity and the 
depth of the mixed layer (Okada and Honjo 1973) 
and thus they are sensitive environmental in­
dicators. A number of biogeographical floral 
zones have been erected (McIntyre and Be 1967) 
on the basis of their distribution in water 
masses. 

1.2 BIOLOGY OF COCCOLITHOPHORES 
Coccolithophores are sub-cylindrical in 

shape, tapering to one or both ends (Gaarder 
1971). They usually contain two golden brown 
chromatophores (Webber-van Bosse 1901), a cen­
tral nucleus (Ostenfield 1900), two acronematic 
flagella of about the same length and a coiled 
haptonema (Parke and Adams 1960). Some cocco­
lithophores pass through two phases in their 
life cycle: a motile phase during which they 
possess the flagellar apparatus, alternating 
with a nonmotile phase. The cell in the non­
motile phase normally bears a more or less 
rigid calcite skeleton consisting of minute 
(1-10 microns) interlocking platelets known 
as coccoliths, which are generally constructed 
of radial arrays of calcite crystallites. 
The motile phase is either naked or bears a 
type of coccolith that differs from that of the 
non-motile phase (Haq 1980). Reproduction is 
by fission, or sexual fusion, suggesting he­
terophasic life cycles; however, deviation 
from these modes of reproduction has been ob­
served in culture. Two distinct types of pla-
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telet are formed: 1) Holococcoliths form out­
side the cytoplasmic membrane (Manton and 
Leedale 1963). They are delicate and consist 
of many identical calcite crystallites. 2) 
Heterococcoliths form on a perforated organic 
template within the protoplasm, and then mi­
grate to the surface of the cell where they 
are extruded to form an interlocking external 
skeleton (Wilbur and Watabe 1963, 1967). 
The calcite crystallites of this form have 
varied architecture and are more solution 
resistant than holococcoliths. They can be 
subdivided according to morphology into five 
major groups: placoliths, cyrtoliths, caneo­
liths, scapholiths and rhabdoliths. 

1.3 SEDIMENTATION OF COCCOLITHS 
Coccoliths have been accumulating in the 

deep sea since the Jurassic and have contri­
buted between 30 and 60% to calcareous oozes 
(Berger and Roth 1975; Honjo 1977). Cocco­
lithophores as well as individual coccoliths 
have little chance of surviving the long 
journey through calcite undersaturated waters 
to the ocean floor. Instead it is thought 
that coccoliths are transported to the sea 
floor in faecal pellets of small, herbivorous 
zooplankton (usually copepods). The imper­
meable, chitinous organic membrane of these 
faecal pellets increase sinking velocity by 
providing a smooth surface and protect their 
contents from dissolution in this manner 
(Honjo 1976). One estimate in the Equatorial 
Pacific is that 92% of coccoliths produced 
in the euphotic layer reach the underlying 
deep sea floor in fecal pellets (Honjo 1976). 

Isolated coccoliths shed from ruptured 
fecal pellets are quantitatively unimportant 
in the process of accumulation of deep sea 
sediments (Honjo and Roman 1978). The effects 
of preferential grazing and selective destruc­
tion during ingestion and digestion by zoo­
plankton have received little study (Roth 
et al 1975) but may alter surface water 
coccolith biocoenoses during their transfer 
from the photic zone to the sea floor. 

Patterns of coccolith accumulation in 
the sediments do, however, reflect environ­
ments of production in the overlying surface 
waters (Roth and Berger 1975; Guitzenhauer 
et al 1976,1977) and maps of species distri­
bution in the sediment correspond to plankton 
maps (Honjo and Okada 1975) and to the loca­
tion of major water masses. Owing to their 



rapid evolutionary rates coccoliths have 
proved to be useful biostratigraphic indicators 
(Haq 1973). 

1.4 REVIEW OF INDIAN OCEAN COCCO­
LITHOPHORES 

Few studies have been carried out on the 
distribution of living coccolithophores in 
the Indian Ocean (Gaarder 1971). Surface 
water phytoplankton including coccolitho­
phores from the coast of Mozambique were 
studied quantitatively by Silva (1960) who 
found that coccolithophores as a group were 
closest to diatoms in numbers. Lecal (in 
Bernard and Lecal 1960) and Taylor (1966) 
described new species from the west Indian 
Ocean and South African coast respectively, 
while Travers and Travers (1965) studied the 
flora from coastal waters off west Madagascar. 
More recently Friedinger and Winter (1985) 
examined coccolithophores in the surface 
waters of the southwest Indian Ocean. Their 
distribution was found to be controlled by 
two different oceanographic regimes, the 
nearly stable region of the Agulhas Current 
and the sporadic Return Current where hydro­
graphical and ecological conditions change 
frequently. While the distribution patterns 
of calcareous nannofossils in surface sediments 
of the Atlantic and Pacific have been the 
subject of extensive interest (McIntyre 1967; 
McIntyre and Be 1967; McIntyre et al 1970; 
Ushakova 1970; Roth and Berger 1975; Geitz­
enauer et al 1977; Roth and Coulbourne 1982), 
the Indian Ocean has been relatively neglected. 
Only four previous research papers have concen­
trated on nannofossils from S.Africa (Pien­
nar, 1966 & 1968, Hart et al 1965 and Siesser 
1975). The first three dealt with terrestrial 
occurrences while Siessar studied Quaternary 
nannofossils in sediment cores from the South 
African continental margin. 

1.5 STUDY MOTIVATION 
It is often difficult and impractical 

( due to patchiness, sampling limitations and 
expense) to correlate empirically the distri­
bution of living coccolithophores with envi­
ronmental factors. However, studying cocco­
liths from surface sediments on the ocean 
floor where biological and oceanographic 
fluctuations are integrated can overcome this 
limitation. This study is an attempt to 
describe the composition and distribution of 
core-top coccolithophore assemblages, and 
their correlation with ecological conditions 
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in the overlying water masses. This informa­
tion should contribute to our understanding 
the ecological tolerances of southwest Indian 
Ocean coccolithophores, and help in palaeo-

environmental interpretation of coccolith 
material from deep sea cores. This research 
project is part of a larger one aimed at 
reconstructing the palaeoceanography of the 
Agulhas Current region. 

1.6 STUDY AREA 
The study area extends approximately 

2000 km in length from Maputo in the north 
to Cape Agulhas in the south and varies in 
width between 300 km in the north and 1500 
km in the south. Fig. 1.1 shows the bathy­
metric relief of the region and identifies 
the most prominent features (see Goodlad 
1978, Dingle 1978, Martin 1984 and Dingle 
and Robson 1985 for a more detailed descrip­
tion). 

The Inharrime Terrace in the north is a 
smooth, shallow water, sedimentary feature, 
its eastern slope descending towards the 
northern end of the Mozambique Ridge. To 
the west the terrace merges with the Limpopo 
Cone forming a large triangular sediment 
wedge. The upper reaches of the Limpopo 
Cone, a smooth surfaced feature stretching 
300 km south from the Limpopo river mouth, 
form a gently sloping terrace, with a smooth 
floored shallow valley on its western· flank. 
The Almirante Leite Bank at 26°S is an outcrop 
of about eighty rocky volcanic sea-mounts 
which are relatively steep sided and break 
the otherwise smooth topography of the outer 
slopes of the Limpopo cone and the Inharrime 
Terrace. The Central Terrace is situated to 
the south of the Limpopo Cone and Almirante 
Bank extending east from the continental 
shelf and drops steeply into the Mozambique 
Basin at 36°E. Prominent valleys separate 
it from the continental slope and the Mozam­
bique Ridge in the south. At around 29°S 
the Central Terrace steepens, forming the 
Natal Valley, which slopes NE-SW, becoming 
progressively deeper to the south. Its 
eastern margin, the Mozambique Ridge, is 
a large north-south running plateau. At 
around 35°S the Natal Valley merges into the 
abyssal Transkei Basin which is bordered to 
the southwest by the Agulhas Plateau. This 
feature, which is located about 500 km south­
east of the Cape of Good Hope is an aseismic 
rise, nearly 700 km long and 400 km wide. 
The continental shelf off the east coast of 
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southern Africa is for most of its length 
steep and very narrow. There are however 
three exceptions. Sediment in-fill from the 
Limpopo River creates a bulge in the conti­
nental shelf off Maputo. Terrigenous input 
is also responsible for the widening of the 
continental shelf off Durban forming the 
Tuguela cone. The Agulhas Bank forms a triang­
ular shaped continental margin at the southern 
tip of Africa. varying in E-W width from 
about 35-70 km, and with a maximum southerly 
extent off Cape Agulhas of about 250 km. 

1.6.1 The Agulhas Current System 
The Agulhas Current (Fig. 1.2) is the 

western boundary current of the South Indian 
Ocean subtropical gyre. It can be divided 
into four different oceanographic regimes 
which parallel the coast of southern Africa 
(Pearce 1977): 1) The inshore region which 
lies predominantly on the continental shelf 
and consists of relatively cool and low velo­
city water. 2) The current core, usually 
only a few tens of kilometers wide. It is 
warm (varying seasonally in temperature between 
22 and 27°C), fast (velocity usually exceeds 
1 meter per second though there is no pro­
nounced seasonal variation in core velocity) 
and has a tendency to meander with a period 
of a few days. 3) Between the core and inshore 
region lies the western boundary of the current 
which is a region of intense horizontal shear. 
4) The region beyond the eastern boundary of 
the current core is a region of weaker currents 
and cooler temperatures. 

The core of the Agulhas Current divides 
into two major flow paths ( commonly termed 
routes A and B: Fig. 1.2) at approximately 
26°S (Harris and van-Foreest 1977). Route 
A, the inshore branch, travels from northeast 
to southwest following the edge of the conti­
nental shelf and is forced offshore by a 
widening of the continental shelf south of 
Port St. Johns. By the time it reaches Mossel 
Bay it is some 100 km offshore though it is 
deflected still further offshore by the Agulhas 
Bank and continues to flow southwest until it 
is south of the Cape Peninsula. Route B 
flows down the eastern Central Terrace fol­
lowing the Mozambique Ridge southward, until 
at approximately 32°S it takes a sharp westerly 
turn re-joining route A near the coast (Martin 
1984). The main flow paths of the Agulhas 
Current are known to meander, and circulation 
may be alternately dominated by routes A and 
B. 
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The Agulhas Return Current is formed 
from Agulhas Current water that has turned 
eastward and meanders east into the South 
Indian Ocean gyre (Shannon et al 1973). 
Intermittent inshore counter-currents flowing 
in a northeasterly direction have been de­
scribed by many authors (Grundlingh 1977; 
Pearce et al 1978; Harris 1978; and Malan 
and Schumann 1979) and are associated with 
the formation of cyclonic eddies near Durban 
and Maputo. Counter-currents cause dynamic 
upwelling which results in high nutrient and 
low oxygen values (Martin 1984). Evidence 
uncovered by satellite imagery and synoptic 
hydrographical data suggest that important 
changes occur in the system over periods of 
3-4 weeks, rather than seasonally as was 
previously thought (Harris and van-Foreest 
1977). 

A selection of satellite photographs 
were taken by the European Space Agencies 
"Meteosat" satelite from the 3rd of Jan to the 
16th of March 1984 and have been used to 
compile a composite map which roughly outlines 
the mean route of the Agulhas Current during 
this period (Fig. 1.3). For most of this 
time the Agulhas Current followed a constant 
route down the coast of southern Africa, its 
penetration south varying from week to week. 
The position of route B during this period 
is, however, not as clearly defined. 

1.6.2 The Antarctic Bottom Water (AABW) 
The Antarctic Bottom Water (Fig. 1.2) 

flows NE through the Agulhas Passage at 
depths greater than 4500 m, and may be repre­
sented in the Agulhas Basin by the 1 °c iso­
therm (Westall 1984). Antarctic Bottom 
Water originates in the Weddell Sea and 
spreads from the Atlantic-Indian Basin in two 
directions: one path spreads easterly, through 
the Crotez Basin into the Madagascar, Masca­
rene, Somali and Arabian Basins (Kalla et 
al, 1976). The second branch flows north 
along the western boundary of the S.Atlantic 
and passes through the SW Indian Ocean ridge 
at about 25°E (Kalla et al, 1976, Westall 
1984) into the East Agulhas Basin. This 
component then flows northwest into the West 
Agulhas Basin, and then northeast through the 
Agulhas Passage. After passing through the 
Agulhas Passage the current is deflected east 
in the Transkei Basin by the rising contours 
and loses its characteristics as it dis­
sipates through mixing with warmer overlying 
waters. The Antarctic Bottom Water is rela-
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Figure 1.2 Circulation patterns in the southwest Indian Ocean. Surface/near-surface 
currents = black arrows. (1) North Equatorial current (part of the North Indian Ocean 
subtropical gyre). (2) South Equatorial current. (3) East Madagascar CUrrent. (4) Mozambique 
CUrrent. (5) Agulhas current. (6) West Wind Drift at subtropical convergence (all sub units 
of the South Indian Ocean subtropical gyre). From Martin 1981. 
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tively rapid (19-26 cm/sec) and turbulent in 
its flow through the Agulhas Passage (Kolla 
et al, 1976) and bottom photographs showing 
well-developed ripples and a strong nephloid 
layer confirm the importance of Antarctic 
Bottom Water in sediment transport in the 
Agulhas Passage. 
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2. MATERIALS AND METHODS 

2.1 SAMPLES 
A total of one hundred core-top samples 

were investigated from water depths ranging 
between 248 m and 4845 m in the southwest 
Indian Ocean. Forty-four samples were obtained 
from piston cores, forty from trigger cores, 
and sixteen from gravity cores. Samples are 
distributed along the entire length and breadth 
of the Agulhas Current System, though some 
areas have a better sample coverage than 
others. This is because sample distribution 
is dependant on the cruise tracks of previous 
geological cruises in the study area Because 
samples often tended to cluster in certain 
areas, for convenience the study area has 
been divided into four sample sectors: 1: 
Maputo (M); 2: Durban (D); 3: East London 
(EL); 4: Port Elizabeth (PE) (Fig. 2.1). 

2.2 EXPERIMENTAL PROCEDURE 
Between two and three grams of material 

from the top 2 cm of each core was removed 
and placed in sealed, labelled vials for 
analysis. The analytical procedure is illus­
trated by means of a flow chart (Fig. 2.2) 
and is described in detail below. 

2.2.1 Smear slides preparation 
Each sample was examined to determine 

whether it contained coccoliths and if so, 
the relative coccolith abundances. Smear 
slides were prepared by thoroughly mixing in 
a test tube a small amount of sample with 20 
cm3 of distilled water and 2 cm3 of polyvinyl 
alcohol to aid adhesion. The mixture was 
allowed to settle for 5 minutes before a drop 
was placed on a coverslip, dried on a hot-
plate at 40°C and then mounted on a slide 
with Canada balsam. Slides were observed 
under crossed nichols of polarizing light at 
high magnifications. The percentage cover of 
coccoliths per field of view at lOOOX magni­
fication was then categorized according to 
the index in Table 1. 

2.2.2 Disaggregation and removal of 
organic material 

Between 2 and 3 grams of d1 sample 
material was placed in a 250 cm conical 
flask to which was added 15 cm3 of slightly 
alkaline distilled water (pH 8.0), 4 mis of 
30% molar hydrogen peroxide and 2 cm3 of 5% 
Calgon solution. The mixture was placed in 
a water bath and heated to 40°C until effer-
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vescing stopped. When large quantities 
of organic material were present , repeat 
doses of hydrogen peroxide were added. 
About one gram of organic free sample was 
removed and dried in preparation for carbonate 
determinations. 

2.2.3 Wet sieving into size fractions 
The organic free sample was washed 

with as little distilled water as possible, 
through a set of 10 cm diameter test sieves 
leaving three size fractions in aqueous 
suspension: Fine fraction (less than 63 
microns), 63-150 microns, and coarse fraction 
(greater than 150 microns). Each size frac­
tion was carefully washed onto a watch-glass 
and dried at 50°C in an oven. The dry frac­
tions were weighed and sealed in individually 
labelled vials. The contribution by each 

size fraction was calculated as a percent of 
the original dry sample mass. 

2.2.4 Preparation for observation of cocco­
liths by SEM 

A small amount of the fine fraction 
material was placed in a glass centrifuge 
tube along with approximately 10 cm3 of 
distilled water. Test tubes of sediment 

suspension were centrifuged at 2,500 rppt for 
45 seconds (Winter 1982). Afterwards the 
turbid supernatant (mainly silts and clays) 
was decanted, and the process repeated until 
the supernatant became clear. The final 
residue was once more mixed with distilled 
water and then allowed to settle for five 
minutes. Afterwards a few drops of the 
suspension were removed and placed on an SEM 
stub which was slowly dried on a hot plate 
at 50°C. Each stub was spattered with Gold­
Palladium (AuPd) and viewed either by a 
Cambridge S200 or S180 Scanning Electron 
Microscope. Approximately 300 coccoliths 
from each stub were counted and identified 
under high magnification, the percent abun­
dance of each species present was then cal­
culated. 

The preservation of coccoliths from the 
samples were described as they appeared on 
SEM using a preservation index ( on a scale 
from one to five), see Table 2. 

Indistinguishable calcite rings were 
found in a few highly dissolved samples, 
these were counted and grouped under the 
heading "calcite rings". Complete cocco-
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TABLE 1. 

Abundance Index Approximate% cover 

0 
1 
2 
3 

Absent 
Rare 
Common 
Abundant 

< 5 
5-30 
30-60 
> 60 

Table 1. Relative coccolith abundance indices estimated from percentage cover of microscope 
field of view. 

TABIE 2. 

Presei:vation Index Features 

1. 
2. 

3. 

4. 

5. 

Excellent 
Gocx1 

Fair 

Poor 

v~ poor 

No evidence of dissolution or breakage. 
Few dissolution characteristics, some etching of 
the more solution susceptible species eg 
Syracosphaerids. 
Etching and breakage of more fragile coccolith 
species. 
Extensive etching; central grills and bridges often 
absent even on dissolution resistant species, eg 
Emiliania huxleyi, Gephyrocapsa oceanica 
and calcidiscus leptoporus. 
Extreme etching and breakage, some species become 
unrecognizable rings, large numbers of coccolith 
fragments. 

Table 2. Coccolith preservation indices and their characteristic features as determined from 
Scanning Electron Microscopy. 



spheres were extremely rare in sediment samples 
due to the fragility of the coccolithophore 
skeleton and the degree of mechanical pressure 
incurred by sediment material; however one 
specimen of Gephyrocapsa oceanica and one of 
Gephyrocapsa ericsoni were found. 

2.2.5 Carbonate analysis 
Whenever possible the percent of carbonate 

from each sample was determined from approxi­
mately one gram of crushed, dry, organic free 
material. Six samples (Nos. 26, 45, 73, 97, 
99 and 100) consisted of less than 0.25 grams 
of sample and were not considered for carbonate 
analysis, since use of quantities of sample 
less than this resulted in large error in 
carbonate percentage calculations. A carbonate 
bombe was used and followed the procedure of 
Muller and Gastner (1971) and Birch (1981). 
Crushed samples were assigned soil colour 
codes using Munsell's (1975) soil colour chart. 

2.2.6 Foraminifera counts and sediment 
descriptions 

The greater than 150 micron size fraction 
was examined under a binocular microscope and 
some brief notes on the skeletal and mineral 
components were made for each sample. The 
fraction was then split using a dry sediment 
splitter. Between 300 and 600 foraminifera 
(both whole and incomplete specimens) were 
counted from the split and the relative abun­
dance of foraminiferal fragments was estimated. 

2.2.7 Oxygen isotope analysis 
The coarse fraction was resieved and 

about 0.5 milligrams of well preserved Globi­
gerinoides sacculifer were weighed from the 
212-300 microns fraction (equivalent to about 
45 specimens) and stored temporarily in label­
led gelatin vials. G. sacculifer specimens 
were chosen for isotopic determination since 
they were abundant in most samples examined 
and since they have been shown by Erez and 
Luz (1983) to deposit their carbonate shells 
in isotopic equilibrium over a wide range of 
temperatures. Specimens were crushed in 
ethanol and dried for thirty minutes at 50°c. 
The calcium carbonate was dissolved in 
approximately 100% H 3PO 4 under vacuum at 50°C 
according to the method of Shackleton (1974), 
except that the samples were dropped into the 
acid and kept at constant temperature with a 
water jacket. Since there are no facilities 
at present available at the University of 
Cape Town to connect the extraction line 

6 

directly to the Micromass VG 602D mass spec­
trometer, samples had first to be isolated 
in 6 mm internal diameter glass tubing (break­
seals) and sealed with a butane flame. 
Instrumental corrections of the results were 

calculated according to Craig (1957). The 
results are reported in per mil deviations 
relative to PDB and calibrated with standard 

NBS-20 according to the equation: 

C
18o;16o)sample 

6180 = 

( 180/ 160 )standard 
-) •1000 

Temperature estimates of oxygen isotope 
values were calculated from Vincent and 
Shackleton (1980): 

T= 16.9-4.38(c518oc-J18ow)+O.l(c5180c-J18ow)2 

Where 618oc is the oxygen isotope com­
position of the carbonate material, and cS 18ow 
is the oxygen isotope composition of water 
(0.3 ppm) in which G. sacculifer lived. 



3. RESULTS 

3.1 SEDIMENT DESCRIPTION 
The core-top material consisted mostly 

of nannoforarniniferal ooze (Kennett 1982) in 
the north of the study area (sectors one and 
two) and foram-nannofossil ooze in the south 
(sectors three and four). Glauconite, quartz 
and silica were found in sediment material, 
lying in a narrow band at the base of the 
continental slope and running down the length 
of the Natal Valley. Soil colours (Table 3) 
were found to be predominantly white and 
light grey hues (Munzell 1975), however, 
samples 13,15,17,44,71,96,97 and 98 displayed 
pale and very pale brown hues. Sediments 
ranged from muds to muddy sands with samples 
in the north being generally coarser than 
elsewhere. However, a particularly coarse 
group of samples was found in the Agulhas 
Passage. Fine material was concentrated off 
East London (sector three). Core numbers and 
locations are presented in Table 3 while 
finer than 63 microns percentages are plotted 
geographically in Fig. 3.1 and listed in 
Table 4. 

3.2 CARBONATE PERCENTAGES 
Carbonate results are presented as a 

percentage of the original sample (Table 8). 
Carbonate percentages in the core-top material 
varied greatly from sample to sample, ranging 
from 0% to 86% with an average of 46% (Fig 
3.2). Lowest carbonate values (less than 
30%) were found in the Agulhas Passage (sector 
four) at depths below four thousand meters 
and at the base of the continental slope off 
Durban (sector two). Slightly higher per­
centages were found in samples from beneath 
the Agulhas Current, while highest carbonate 
values were concentrated on the flanks and at 
the base of the Mozambique Ridge (sectors two 
and three) between two and four thousand 
meters. There is a sharp decline in the 
carbonate percentages of samples from water 
depths greater than 3500 m (Fig 3.3). 

3.3 RELATIVE COCCOLITH ABUNDANCES 
AND ASSEMBLAGE COMPOSITION 

Relative abundance of coccoliths generally 
increased in abundance with southerly latitude 
(Fig. 3.4). Highest abundances were recorded 
off East London (sector three), though low 
values were observed in the Agulhas Passage 
south of Port Elizabeth (sector four). Rela­
tive coccolith abundance indices are listed 

7 

in Table 1, while preservation indices are 
plotted in Fig. 3.5 and presented in Table 
4. 

Thirteen of the one hundred core-top 
samples studied by SEM contained very few 
or no coccoliths and were therefore excluded 
from further investigation (Fig. 3.6). 

Forty-four identified and fifteen un­
identified coccolithophore taxa were recog­
nised from the Indian Ocean core-tops (Table 
5). Thirty-four of the indentifiable taxa 
are modern and ten extinct. Twenty six 
species of cocccolithophores found in the 
water column of the southwest Indian Ocean 
by Friedinger and Winter (1985) are repre­
sented in the core-top samples by their 
coccoliths. Species recorded from the water 
column by Friedinger and Winter (1985) are 
indicated in Table 5 with an asterix. Six 
coccolithophore species known to live in the 
oceans at present (Coccolithus pelagicus, 
Crenalithus cessilis, Gephyrocapsa proto­
huxleyi, Discolithina japonica and Calyptro­
sphaera papilifera) were found in core-top 
sediments but absent from water samples. 
Most of the species present in the water 
column but absent from the sediments were 
relatively fragile and probably dissolved on 
the journey to, or once at the sea floor. 

3.3.1 Taxonomic notes 
The two "ecophenotypic variants" of 

Emiliania huxleyi, a "cold-water" form with 
fused blade-like elements in the proximal 
shield and a "warm water" variety with 
T-shaped elements in both shields, have not 
been separated into two groups but placed 
together since it has been shown that there 
is little correlation between placolith type 
and temperature and their ecological affin­
ities have not been confirmed (Winter 1985). 

The orientation of the central bridge 
is a crucial factor in distinguishing between 
Gephyrocapsa oceanica and Gephyrocapsa car­
ribeanica. G. oceanica's bridge is perpen-
dicular to the long axis of the central 
area, while G. carribeanica is obliquely 
aligned. Specimens which were similar in 
appearance to one of these two species, but 
which were lacking a central bridge or lying 
on the SEM stub proximal side upwards (bridge 
obscured) were probably mostly G. oceanica 
specimens since identifiable G. carribeanica 
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Figure 3.2 Percentage of carbonate material in samples. 



-

1
0

0
 

9
0

 
7

9
 

7
5

 
1

5
8

 
8

8
 

1
9

 
61

 
8

0
 

7
6

 
2

7
 

6
8

 
I 

a,
 

9
4

 
8

~
~

5
 

8
6

 

6
2

 

~
 

7
8

 
CJ

 
7

0
 

3
6

7
7

 
,:t

Q
 

C
 

9
:P

i~
 

0 

6 

4
3

\2
 

-e 
2-

f>
2 

4 
CJ

 
6

0
 

8
3

 
2

8
6

 
u 

3 
6

9
 

E
 

7 

#l
 

2
9

 
5

#
 

4
2

 

:,
 

5
0

 
2

~
5

 

I 
] 

1
i4

 
~
 

21
 

7
0

 8
j 

1
8

 
~
 6

~
3

3
5

 
3

7
 j

d
:3

4 

CJ
 

1
0

 
2 

7 
2 

u 
4

0
 

ff
5 

1 
7d

7 
4

0
 

3
9

 

~
 

1
3

 
1

6
 

4
9

 
4

8
 

C
 

31
 

a,
 

0 
.3

0 

9
6

 
51

 

.3
~3

 

L
. a,
 

a..
 

2
0

 
1

5
 

9
8

 
1

7
 

1
0

 
I 

0 
0 

1 
2 

3 
4 

5 
(T

h
o

u
sa

n
d

))
 

D
E

P
T

H
 

(M
 

F
ig

ur
e 

3.
3 

P
lo

t 
of

 c
ar

bo
na

te
 p

er
ce

nt
ag

e 
vs

. 
de

pt
h.

 P
oi

nt
s 

ar
e 

m
ar

ke
d 

by
 s

am
pl

e 
nu

m
be

rs
. 



25 30 35 
25 25 

LEGEND: 

Coccoli th 
Abundancg 

X Absent 

0. Rare 
0 (1l) 

30 
0 Common 30 

X 
0 0 

0 Abundant 

0 
X 

.. 
0 

35 35 

40 40 
25 30 35 

Figure 3.4 Relative abundance of coccoliths as determined using light microscopy. 
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TABLE 5. Taxonomic list of coccolithophore species identified from the sediment surface in 
the southwest Indian Ocean. Most recent or best available micrographs are quoted for 
reference. Coccolithophore species that were also present in the water column (Friedinger 
and Winter 1985) are marked with an asterix:. 

Kingdom PLANTAE 
Division CHRYSOPHYTA Pascher, 1914. 
Class PRYMNESIOPHYCEAE Manton, 1964. 
Order COCCOLITIIOPHORALES Schiller, 1926. 

CERATOLITHACEAE Norris, 1965. 
1. * Ceratolithus cristasus Kamptner, 1950. 

Wang and Samtleben, 1983. Pl. 2(164). 

COCCOLITIIACEAE Kamptner, 1928. 
2. Coccolithus pelagicus (Wallich), 1892. 

Siesser, 1975. Pl. 6(e,f). 
3. Crenalithus sp. cf. Crenalithus sessilis (Lohmann), 1912. 

Nishida, 1979. Pl. 3(3). 
4.* Calcidiscus leptoporus (Murray and Blackman), 1890. 

Wang and Samtleben, 1983. Pl. 1(10). 
5. * Emiliania huxleyi (Lohmann), 1902. 

Winter et al., 1979. Pl. 1(3). 
6.* Gephyrocapsa caribeanica Bourdreaux and Hay, 1967. 

Winter, 1982. Pl. 1(5). 
7.* G. ericsoni McIntyre and B, 1967. 

Winter et al., 1979. Pl. 1(6). 
8. * G. oceanica Kamptner, 1943. 

Okada and McIntyre, 1977. Pl. 3(1). 
9. * G. omata Heimdal, 1973. 

Okada and McIntyre 1977. Pl. 3(1). 
10. G. protohuxleyi McIntyre 1969. 

Winter et al. 1978. Pl. 1(1-6). 
11.* Oolithus fragilis (Lohmann) subsp. cavum Okada and McIntyre, 1977. 

Okada and McIntyre 1977. Pl. 4( 4,5). 
12.* Umbilicosphaera hulbertiana Gaarder, 1970. 

Wang and Samtleben, 1983. Pl. 1(13). 
13. * U. sibogae (Webber-van Bosse), 1901. 

Okada and McIntyre, 1977. Pl. 4(2). 

HELICOSHAERACEAE Black, 1971 emend. Jafar and Martini, 1975. 
14. * Helicosphaera carteri (Wallich), 1877. 

Nishida, 1979. Pl. 9(4). 
15. * H. pavimentum Okada and McIntyre, 1977. 

Okada and McIntyre, 1977. Pl. 4(6,7). 

PONTOSPHAERACAE Lemmermann, 1908. 
16. Discolithina japonica Takayama, 1967. 

Okada and McIntyre, 1977. Pl. 6(3). 
17. Pontosphaera discophora Schiller, 1925. 

Borsetti and Cati, 1979. Pl. 2(3,4). 
18. * P. syracusana Lohmann, 1920. 

Okada and McIntyre, 1977. Pl. 5(7). 



TABLE 5. cont. 

RHABDOSPHAERACEAE Lemmermann in Brandt and Apstein, 1908. 
19.* Acanthoica quattrospina Lohmann, 1903. 

Nishida, 1979. Pl. 13(1). 
20. * Discosphaera tubifera (Murray and Blackman), 1898. 

Nishida, 1979. Pl. 13(1). 
21.* Neosphaera coccolithomorpha Leccal-Schlauder, 1950. 

Wang and Santleben, 1983. Pl. 2(4). 
22. * Rhabdosphaera clavigera Murray and Blackman, 1898. 

Winter et al., 1979. Pl. 12(1). 
23. * Umbellosphaera i"egularis Paasche, 1955. 

Wang and Samtleben, 1983. Pl. 2(2). 
24.* U.tenuis (Kamptner), 1937. 

Winter et al., 1979. Pl. ill(l,2). 

SYRACOSPHAERA Lemmermann, 1908. 
(CALCIOSOLENICEAE, Kamptner, 1937) 
25.* Anop/oselenia brasiliensis (Lohmann), 1919. 

Borsetti and Cati, 1972. Pl. 16(1a,b). 
26. * Syracosphaera corolla Lecea!, 1965. 

Borsetti and Cati, 1979. Pl. 3(5). 
27. * S.lamina Lecal-Schlauder, 1951. 

Nishida, 1979. Pl. 8(3). 
28. * S.mediteranea Lohmann, 1902. 

Okada and McIntyre, 1977. Pl. 10(4,5). 
29.* S.mediteranea Lohmann var. binodata Kamptner, 1937. 

Okada and McIntyre, 1977. Pl. 10( 6). 
30. * S.pulchra Lohmann, 1902. 

Okada and McIntyre, 1977. Pl. 10(11,12). 
31. Syracosphaera sp. cf. variablis (Halldal and Markali), 1955. 

Okada and McIntyre, 1977. Pl. 9(7,8). 

CAL YPTROSPHAERACEAE Boudreaux and Hay, 1969. 
32. Calyptrosphaera papillifera Boudreaux and Hay, 1969. 

Nishida, 1979. Pl. 23(3). 

GENUS OF UNCERTAIN ORIGIN (Incertae sedis) 
33. Hyaster perp/exus (Bramlette and Riedel), 1954. 

Wang and Samtleben, 1983. Pl. 2(1). 

NON COCCOLITHOPHORE GENUS: CALCAREOUS DINOFLAGELA TE. 
(THORACOSPHAERACEAE , Schiller, 1930) 
34.* Thoracosphaera cf. T.heimii (Lohmann), 1919. 

Winter et al., 1979. Pl. V(ll). 

DISCOASTERACEAE Vekshina, 1959. 
35. Discoaster broweri Tan Sin Hok, 1927. 

Buckry, 1971. Pl. 3(2). Range: Late Miocene to late Pliocene. 
36. D.exilis Martini and Bramlette, 1963. 

Martini and Bramlette, 1963. Pl 104(1-3). Epoch: Middle Miocene. 
37. D.deflanderi Bramlette and Reidel, 1954. 

Buckry, 1971. Pl. 4(4). Range: mid Eocene to mid Miocene. 
38. D.siapanensis Bramlette and Reidel, 1954. 

Haq, 1980. Pl. 23(f). Range: mid to late Eocene. 



TABLE 5. cont. 

OTHER REWORKED COCCOLITHS 

39. Dictyococcites daviesi (Haq), 1976. 
Haq, 1976. Pl. XI(ll). Epoch: Cenozoic. 

40. Ericsonia cava (Hay and Mohler), Perch-Nielsen, 1 
Hay and Mohler, 1967. 

41. Pseudoemiliania lacunosa (Kamptner), 1963. 
Samtleben, 1978. Pl. 3(1). 

42. Aperlapetra gronosa (Stover), 1966. 
Buclcry, 1970. Pl. 6(6). Range: Albian-Campanian. 

43. Prediscophaera cretacea (Arkhangelsky), 1912. 
Haq, 1980. Pl. 15(d). after Buckry, 1969. Range: Albian-Campanian. 

44. Cyc/icargolithus floridanus (Roth and Hay) 1967, Buckry 1971. Roth, 1973. Pl. 
6(2+3). Range: Eocene to Miocene. 
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Plate I 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 
11. 
12 & 13. 
14. 
15 . 

Fossil coccoliths I(l-15). 

Distal view of Ceratolithus cristasus. 
Proximal view of C. cristasus. 
Distal view of Coccolithus pelagicus. 
Proximal view of C. pelagicus. 
Distal view of Crenalithus sp. cf. Crenalithus sessilis. The central 
area and outer elements are disolved. 
Proximal view of Crenalithus sp. cf. Crenalithus sessilis. 
Distal view of Calcidiscus leptoporus. 
Proximal view of C. leptoporus. 
The underside of a distal shield of Calcidiscus leptoporus that has been separated 
(probably by dissolution) from its proximal shield. 
Distal view of Emiliania huxleyi. 
Proximal view of Emiliania huxleyi. 
Distal views of Gephyrocapsa caribeanica. 
A semi-complete Gephyrocapsa ericsoni coccosphere skeleton. 
Distal view of a single G. ericsoni coccolith. 



Plate I 



Plate II 

1. 
2. 
3&4. 

5. 
6&7. 
8. 
9. 
10. 
11. 
12. 
12 & 13. 
14. 
15. 

Fossil coccoliths II(l-15). 

Distal view of Gephyrocapsa oceanica. 
Proximal view of G.oceanica. 
Proximal views of Gephyrocapsa specimens that could not be positively identified 
(since the central bridge is either absent or obscured due to the orientation on 
the SEM stub) but are most likely G.oceanica. 
Distal view of Gephyrocapsa omata. 
Distal views of two specimens of Gepyrocapsa protohuxleyi. 
Distal view of Oo/ithus fragi/is. 
Proximal view of 0. fragilis. 
Distal view of Umbellosphaera hulbertiana. 
Proximal view of U. hulbertiana. 
Distal view of Umbilicosphaera sibogae. 
Proximal view of U.sibogae. 
Distal view of Helicosphaera carteri. 
Proximal view of H. carteri. 



Plate 11 



Plate III 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8 &9. 

10. 
11. 
12. 
13. 
14. 
15. 

Fossil coccoliths III(l-15). 

Distal view of Helicosphaera pavimentum. 
Distal view of Discolithina japonica. 
Proximal view of D. japonica. 
Distal view of Pontosphaera discophora. 
Proximal view of P. discophora. 
Proximal view of P. syracusana. 
Distal view of Acanthoica quattrospina. 
Two different views of Discosphaera tubifera rhabdolith, both have Jost their 
base shields, probably through dissolution. 
Distal view of Neosphaera coccolithomorpha. 
An intact rhabdolith of Rhabdosphaera clavigera. 
Distal view of R. clavigera cyrtolith. 
Proximal view of R. clavigera cyrtolith. 
Distal view of Umbellosphaera in-egularis. 
Proximal view of U. in-egularis. 
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Plate IV 

1. 
2. 
3. 
4. 
5&6. 
7. 
8&9. 
10. 
11. 
12. 
13. 
14. 
15. 

Fossil coccoliths IV(l-15). 

Distal view of Umbellosphaera tenuis specimen with calcite overgrowth. 
Proximal view of dissolved U.tenuis specimen. 
Distal view ofAnoploselenia brasiliensis. 
Proximal view of A. brasiliensis. 
Proximal views of two different scapholiths of A. brasiliensis. 
Proximal view of Syracosphaera corolla. 
Two proximal views of Syracosphaera lamina specimens. 
Distal view of specimen of Syracosphaera mediteranea. 
Distal view of specimen of S.mediteranea Lohmann var. binodata. 
Distal view of Syracosphaera pulchra. 
Proximal view of S.pulchra. 
Distal view of dissolved specimen of Syracosphaera sp. cf. variablis. 
Proximal view of Syracosphaera mediteranea specimen. 



Plate IV 



Plate V 

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 
9 & 10. 
11 & 12. 
13. 
14. 
15. 

Fossil coccoliths V(l-15). 

Proximal view of unidentified Syracosphaera SpA. 
Distal view of Calyptrosphaera papillifera, (the only holococcolith found in the 
study). 
Proximal view of Discoaster broweri. 
Proximal view of Discoaster exilis. 
Distal view of Discoaster deflanderi. 
Proximal view of Discoaster siapanensis. 
Distal view of Hyaster perplexus. 
Proximal view of H. perplexus. 
Two views of Thoracosphaera cf. T.heimii. 
Two distal views of specimens of Dictyococcites daviesi. 
Distal view of Ericsonia cava. 
Proximal view of Cyclicargolithus floridanus. 
Unidentified coccolith Sp.B. 



Plate V 



Plate VI 

1. 
2. 
3. 
4. 
4,5 &6. 
7&8. 
9. 
10. 
11. 
12. 

13. 
14. 
15. 

Fossil coccoliths VI(l-15). 

Unidentified coccolith Sp.B. 
Unidentified coccolith Sp.B. 
Distal view of Chiasmolithus grandis. 
Distal view of Pseudoemiliania lacunosa. 
Proximal views of P. lacunosa. 
Distal views of highly dissolved Aperlapetra gronosa specimens. 
Unidentified coccolith Sp. C. 
Specimen of Prediscophaera cretacea. 
Cruciplacolithus Sp.D specimen. 
Unidentified coccolith Sp.E. (identification made difficult by extensive calcite 
overgrowth). 
Unidentified coccolith Sp.E. 
Unidentified coccolith Sp.F. 
Unidentified coccolith Sp.G. 
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Plate VII Fossil coccoliths VII(l-9). 

l. Unidentified coccolith Sp.H. 
2. Unidentified coccolith Sp.I. 
3. Unidentified coccolith Sp.J. 
4. Unidentified coccolith Sp.K. 
5. Unidentified coccolith Sp.L. 
6. Unidentified coccolith Sp.M. 
7. Distal view of Cyclicargolithus floridanus. 
8. Unidentified coccolith Sp.N. 
9. Unidentified coccolith Sp. 0. 
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comprised less than 1 % of the assemblage 
composition in our samples. 

3.3.2 Assemblage composition 
Four placolith bearing species dominated 

the coccolith assemblages at the sediment 
surface: Gepyrocapsa oceanica, Emiliania 
huxleyi, Calcidiscus leptoporus and Umbilico­
sphaerashpaera sibogae (Fig. 3.7). Each of 
these species contributed at least 10% to the 
total assemblage composition (Table 6) and 
together they were responsible for about 86% 
of the total coccolith assemblage. Four 
species: Helicosphaera carteri, Rhabdosphaera 
clavigera, Syracosphaera pulchra, and 
Gephyrocapsa ericsoni each comprised between 
one and ten percent of the assemblage composi­
tion (Table 7) and contributed, together, 
about seven percent to the total coccolith 
assemblage (Fig. 3.7). Thirty-six species 
(some relict), each with an average abundance 
of less than one percent, contributed to the 
remaining seven percent of the total coccolith 
population in the samples. 
3.3.2.1 Major species 

Emiliania huxleyi occurs in all but one 
sediment surface sample (No.13) and contributed 
up to 50.5% (No.87) of the coccolith assem­
blage. The relative abundance of E. huxleyi 
in core-tops decreases with southerly latitude 
(Fig. 3.8), reaching lowest values south of 
Port Elizabeth (sector four). High values on 
the Limpopo Cone and Central Terrace (sector 
one) are separated by a narrow band of low 
values lying beneath the path of the Agulhas 
Current, running northeast to southwest. 
Highest percentage occurrences are found at 
depths less than 3500 m. 

Gephyrocapsa oceanica is present in all 
of the samples. Its maximum relative abundance 
is about 92% (sample No.74) and its mean 
percentage of the total population is about 
35%. Highest concentrations of G. oceanica 
occur on the Limpopo Cone off Maputo (sector 
one), though east of this region the percentage 
composition decreases (Fig. 3.9). High abun­
dances of G. oceanica also occur in the Agulhas 
Passage (sector four), while low percentages 
are concentrated east of Durban (sector two). 

Calcidiscus leptoporus has been observed 
in every sample, contributing on average 
about 15% of the coccolith assemblage reaching 
a maximum of 43% (No.39). C. leptoporus 
increases in percent abundances from north to 
south and highest abundances are recorded at 

8 

depths below 3000 m (Fig. 3.10), in contrast 
to E. huxleyi which shows the opposite trend. 

Umbilicosphaera sibogae contributes, on 
average, just over 10% of the total coccolith 
assemblage, it is present in all but one of 
the samples (No. 67) and has maximum abundance 
of 24% (No.l). Highest values are found to 
the north, parallel to the coast (Fig. 3.11), 
lying in a narrow band under the mean flow 
path of the Agulhas Current. Maximum values 
occur at depths of between 1 and 3 km. 

3.3.2.2 Minor species 
Helicosphaera carteri is found in all 

but one sample (No.67), has a maximum occur­
rence of about 7% (No.44), and a mean of 
2.6%. Maximum abundances are found in the 
southern part of the study area (sectors 
three and four), close to the continental 
margin. The highest relative percentage 
abundances of H. carteri are found at depths 
between three and four thousand meters. 

Rhabdosphaera clavigera is absent from 
seven of the core-top samples (Nos.4,11,13, 
24,39,47 and 74), has a maximum relative 

abundance of about 7% (No.81), and a mean of 
1.8%. High relative values are concentrated 
on the continental shelf off Durban and East 
London in sectors two and three. Highest 
percentages of R. clavigera occur between 
1500 and 2500 m. 

Syracosphaera pulchra is found tn all 
but five of the core-top samples (Nos.38,39, 
47,59 and 81), has a mean abundance of 1.8% 
and a maximum of about 6% (No.92). Highest 
relative percentages were found in the north 
of the region (sectors one and two) and is 
most abundant at depths less than 4000 m. 

Gephyrocapsa ericsoni was absent from 
twenty-one of the samples (Nos.1,10,31-2, 
38,47,50,54-7,65-8,71-2,76,80,82 and 92), has 
a maximum relative abundance of about 8% 
(No.36) but an average of only 1.1 %. Highest 
abundances are concentrated in the north 
(sectors one and two) close to the coast, 
though some high values exist on the flanks 
of the Mozambique Ridge (sector three). 
Generally speaking G. ericsoni becomes less 
abundant with depth. 

3.4 FORAMINIFERAL COUNTS 
Samples containing high relative percent 

abundances of foraminiferal fragments are 
located in the Agulhas Passage (sector four) 
and in shallow water sediments east of Maputo 
(sector one). Fragment percentages are low 
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Figure 3.8 Percent of Emiliania huxleyi among identified coccoliths in sample. 
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Figure 3.10 Percent of Calcidiscus leptoporus among identified coccoliths in sample. 
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Figure 3.11 Percent of Umbilicosphaera sibogae among identified coccoliths in sample. 



off Durban and East London (sectors two and 
three) and decrease with distance from the 
coast (Fig. 3.12). Relative percent abun­
dances of foraminiferal fragments decrease 
with depth (Figure 3.13). Lowest values 
occur between two and four km. However, a 
sharp increase in fragments occurs at about 
3650m. 

3.5 OXYGEN ISOTOPE ANALYSIS 
Specimens of Globigerinoides sacculifer 

were rare or absent from samples taken from 
depths greater than four thousand meters. 
These samples were mostly located in the 
Agulhas Passage and could not be considered 
for isotopic analysis (Fig. 3.14). 

Isotope ratios and derived temperatures 
are presented in Table 8, and plotted geo­
graphlcally in Fig. 3.15. Ninety percent 
of the samples had isotope ratios in the 
range -1.5 and 0.0 per mil. Eight of the 
eighty-two samples run have isotope values 
that fall outside of this range. These eight 
samples were found at depths in excess of 
3500 m or in unstable areas, such as in the 
paths of mass gravity flows. 

Derived temperature values ranged from 
18.5° to 25.1°C. Thls range of values is 
close to surface-water temperatures in the 
Agulhas Current region (Wyrtki, 1971). Warmest 
isotopic temperatures lie in a narrow band 
located parallel and close to the coast and 
temperatures decrease with distance from 
coast and towards the south. 
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4.COMMUNITYSTRUCTURE 

Coccolith assemblages from the southwest 
Indian Ocean are dominated by epipelagic, 
placolith-bearing species. G. oceanica and 
E. huxleyi, the two dominant species in the 
study area, are also the two most important 
coccolithophore species in tropical to sub­
tropical waters (McIntyre and Be 1967). 
Their biogeographical distribution is not 
well understood but, since they are the two 
most abundant coccolithophore species in 
Quaternary sediments, of great interest. 
E. huxleyi is the most abundant and ubiquitous 
coccolithophore species living in today's 
oceans, occurring at relative percent abun­
dances of between 60 and 80% (McIntyre and Be 
1967, Okada and McIntyre 1979). It has the 
widest biogeographic range and is one of the 
most euryhaline and eurythermal coccolithophore 
species (McIntyre and Be 1967, McIntyre et 
al, 1970, Winter et al, 1983). The distribu­
tion of G. oceanica, in contrast, apparently 
has a more limited range, currently preferring 
warmer waters and marginal seas (Okada and 
Honjo 1975). G. oceanica has a smaller salin­
ity tolerance range than E. huxleyi and is 
found in normal to high salinities from 32-45 
per mil (Okada and Honjo 1975, Winter 1982). 
G. oceanica also occurs abundantly in upwelling 
areas of low latitude and in warm highly 
saline and fertile waters where it often 
replaces E. huxleyi as the dominant species 
(Winter 1982 and 1985). 

Only very few studies have been made of 
the ecological affinities of the remammg 
common coccolithophore species which occur at 
the sediment surface in the study area. C. 
leptoporos seems to prefer subtropical waters 
and has a wide biogeographical range, similar 
to but slightly smaller than, that of E. 
huxleyi (McIntyre and Be 1967, Schneidermann 
1977). This species usually contributes only 
a small percentage to living coccolithophores 
in the world's oceans (McIntyre and Be 1967). 
Like G. oceanica, C. leptoporos seems to 
prefer high fertility waters (Roth and Berger 
1975). Winter (1982) also reported that C. 
leptoporus increased in abundance during 
presumed times of high fertility in the Red 
Sea. 

U. sibogae is usually found in medium 
to high fertility regions (Roth and Berger, 
1975) and occurs in water between 18° and 
24°C (McIntyre and Be 1967, Okada and McIntyre 
1979). R. clavigera is one of the common 
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rhabdoliths in today's oceans, preferring 
subtropical and transitional waters (McIntyre 
and Be 1967) and reaching highest values in 
low fertility waters (Roth and Berger 1975). 
H. carteri is most abundant in subtropical 
waters of medium to high fertility (Roth and 
Berger 1975) but may extend into transitional 
waters (McIntyre and Be 1967). S. pulchra, 
the only Syracosphere species found in 
significant abundances in sediments of the 
southwest Indian Ocean, occurs occasionally 
in the equatorial to transitional zones of 
the Pacific and North Atlantic (Okada and 
McIntyre 1977) and seems to prefer low fer­
tility waters (Roth and Berger 1975). G. 
ericsoni, although less abundant, displays a 
similar surface water distribution pattern 
to that of G. oceanica (McIntyre and Be 
1967). G. ericsoni is also one of the most 
abundant species of coccolithophore presently 
living in the gulf of Aqaba, suggesting a 
higher than normal salinity tolerance (Winter 
et al, 1979). 

• 



5. DISCUSSION 

5.1 PRESERVATION OF CORE-TOP 
MATERIAL 

The interplay of three important parame­
ters, dissolution, dilution and winnowing, 
seems to be controlling the state in which 
sediment material is preserved in the study 
area. Dissolution is likely to impair cocco­
lith preservation by first etching element 
structures and eventually disintegrating 
coccoliths. Dissolution of carbonate material 
probably also biases sediment size range 
distributions towards the fine fraction. 

Most samples examined under the SEM 
were generally well preserved though dissolved 
coccoliths were present. Best preserved 
coccoliths were concentrated in sectors one 
and two where the sea floor is well above the 
lysocline and core-top sediments are not 
subject to accelerated dissolution (Fig. 
3.5). This relatively dissolution free envi-
ronment is also reflected in the percent 
carbonate values, which are generally higher 
in the north than in the south of the study 
area (Fig. 3.2). Surprisingly, · however, 
foraminiferal fragments (Fig. 3.12) contribute 
between 40 and 60% of the coarse fraction 
(> 150 microns) found in the sediments off 
Maputo (sector one). Upwelling of relatively 
cool nutrient rich water does occasionally 
occur near Maputo (Martin 1984 and Orren 
1963). Increased productivity associated 
with upwelled water could enhance the dis­
solution of carbonate. The CO2 produced by 
respiration reduces the concentration of 
dissolved carbonate ions and so promotes 
undersaturation (Broecker 1974). The solu­
bility of carbonate is also greater in cold 
water. These two effects could combine to 
increase dissolution on a regional basis such 
as off Maputo. 

Less well preserved coccoliths are found 
in sector three and are concentrated close to 
the continental shelf. Poorer preservation 
is expected here since the sea floor is mostly 
below the lysocline. Evidence for dissolution 
is also found in the carbonate percentages 
which are generally lower in sector three 
than they are in the northern two sectors. 

Worst coccolith preservations and lowest 
carbonate percentages are found in the Agulhas 
Passage (Sector 4), where sediments are not 
only well below the lysocline, but also proba­
bly eroded by Antarctic Bottom Water. Fine 
fraction percentages and relative coccolith 
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abundances are also low in this region, 
reflecting this winnowing action of the 
Antarctic Bottom Water. The relative abun­
dances of E. hu.xleyi as well as C. leptoporus 
decrease significantly on the ocean floor at 
depths between 3500 and 4000 m (Figs. 5.1 & 
5.2). The increase of foraminiferal fragments 
and decrease of carbonate percentages over 
this depth range (Figs. 3.12 & 3.3) is espe­
cially dramatic. Thus we assume that the 
lysocline begins at about 3500 m. Contri­
buting to dissolution at depth is the cold 
and corrosive Antarctic Bottom Water which 
is forced through the Agulhas Passage at 
depths of about 4000 m and greater. Puzzling 
is the increase of coccolith abundances in 
some of the deepest samples in the Agulhas 
Passage. Perhaps these samples originated 
from recent turbidites that were buried 
quickly and therefore not so dissolved. 
Terrigenous material dilutes the carbonate 
content relative to other sediment components. 
The dilution of carbonate material with terri­
genous mjnerals also seems to darken rock 
colours. The light brown hues of samples 
13,15,17,44,71,96,97 and 98 (which are all 
found at or near the base of the continental 
shelf) are probably due to the mixing of 
pelagic sediments with large quantities of 
terrigenous material. For example s~mples 
15,17,96,97 and 98 are situated near canyons 
in the Natal Valley which act as conduits 
for material from the Tuguela river (Flemming 
1981). 

Southern African continental shelf 
sediments of terrigenous origin are moved to 
the sea floor mainly by the activity of the 
Agulhas Current system which transports 
sediments along the continental shelf (Flem­
ming 1981, Martin pers. com. 1986). When 
submarine canyons are encountered, sediments 
are trapped and transported to the oceanic 
sea floor in turbidity currents (Flemming 
1981). Terrigenous sediments may also reach 
the deep sea floor and be incorporated into 
existing sediments if they are swept off the 
continental shelf by the Agulhas Current 
(Martin pers. com., 1986). Carbonate per­
centages tend to increase with distance from 
the southeast African coast as well as along 
the main flow path of the Agulhas Current. 
Both of these features are probably due to 
reduced dilution by terrigenous material 
(Fig. 3.2). 
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The abundance of coccoliths which are 
found in the fine fraction of sediments may 
be reduced by winnowing, which is the selective 
removal of fine particles. This results in 
the build-up of coarse grained lag deposits 
(Goodlad 1986) and is a process which influ­
ences the distribution and sorting of marine 
sediments. Coarse lags have been correlated 
with high velocity currents by Huang and 
Watkins (1977). Goodlad (1986) found that the 
distribution of the greater than 150 micron 
fraction in sector two showed a close relation­
ship with bottom current flow. Sectors one 
and two display lowest concentrations of fine 
material ( coccoliths included) and may be 
explained by the winnowing effect of the 
Agulhas Current which can erode surface sedi­
ment material down to depths of 2500 m (Duncan 
1970). Low coccolith abundances were also 
found in the Agulhas Passage (sector four), 
probably as a result of winnowing by Antarctic 
Bottom Water. 

With the exception of these low values 
in the Agulhas Passage, coccolith and fine 
fraction abundances increase with southerly 
latitude (Figs. 3.4 & 3.1). This is probably 
due to diminished winnowing associated with 
increasing depth of sea floor. Fine fraction 
percentages and coccolith abundances are 
greatest in sector three probably because the 
sea floor is too deep to be winnowed by the 
Agulhas Current and mostly too shallow to be 
influenced by the Antarctic Bottom Water. 

5.2 REWORKED COCCOLITHS 
Small percentages of relict coccoliths 

were found in several samples, especially in 
the southern half of the study area, particu­
larly in the Agulhas Passage (Fig. 5.3). 
Four discoaster species and eight extinct 
coccolithophore species were identified. An 
additional fifteen forms were too dissolved 
and broken to be identified. Small numbers 
of discoasters, extinct since the Tertiary 
(Bukry 1971), were found in seven samples 
(Nos. 1,29,57,65,69,89 and 93). The maximum 
concentration of discoasters in any one sample 
was only about 4% and it is therefore unlikely 
that these samples originated from outcrops 
of older material, especially since they 
contain high percentages of relatively modern 
species. 

Extinct coccoliths species were also 
found in samples 5,67,78 & 99, but usually 
in extremely low abundances. Sample 67 (sector 
4, in the extreme southwest of the study 
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area) is anomalous since it contains abundant 
(24%) C. pelagicus as well as large concentra­
tion of relict coccolith species such as C. 
floridanus (39%), E. cava (11.1%) and D. 
daviesi (5%). C. pelagicus is an extant 
coccolithophore species, presently preferring 
sub-arctic and cold temperate waters. It 
occurs commonly in the sub-polar waters of 
the northern hemisphere (McIntyre and Be 
1967) though it has not been reported in the 
surface waters of the southern Indian Ocean 
(Friedinger and Winter 1985). C. pelagicus, 
does however, occur infrequently in core-top 
sediments from the study area (Samples 1,2, 
4,14,16,20,21,27,65,69 & 89). C. pelagicus 
is a robust species which first appeared in 
the Upper Paleocene and its co-occurrence in 
samples with species that ranged through the 
Tertiary and Cretaceous suggest sediment 
reworking. 

Samples containing unidentified cocco­
liths were concentrated in the Agulhas Passage 
(Nos. 30,33,35,38,40 & 46; Fig. 5.4) and are 
probably from turbidite or relict sediments 
that have been scoured by Antarctic Bottom 
Water. 

Unidentified coccoliths were also found 
in sectors one and two (samples 1,10,13 and 
63). Bioturbation may be responsible for 
the occurrence of reworked and unidentified 
coccoliths in the north of the study area 
since there is little evidence for tht! pre­
sence of turbidites or of sediment scouring. 
High bioturbation probably occurs in this 
region because of elevated nutrient concen­
trations associated with the Agulhas Current 
(R. Johnson, UCT Marine Geoscience Unit, pers. 
com. 1986) and may also be responsible for 
the destruction of foraminifera occurring 
off Maputo (section 5.1). 

5.3 COCCOLITH CORE-TOP ASSEMBLAGE 
DISTRIBUTION 

The area of this study encompasses 
approximately 15 degrees of latitude (25° to 
40°S) and should include subtropical (10-30°S) 
and transitional (30-45°S) coccolith floral 
zones similar to the Atlantic and Pacific 
Oceans (McIntyre and Be 1967, Okada and 
Honjo 1973). Thus coccolith assemblages 
at the sediment surface from this region 
would be expected to differ from north to 
south as ecological ocean boundaries are 
crossed. 

Three different coccolith assemblages 
have been recognized from the study area, 
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although some overlap occurs (Fig. 5.5): 
Maputo, Agulhas Current and Deep Water (Table 
9). Each is associated with a specific oceano­
graphic area and conditions. However, due to 
preferential dissolution and the integration 
of seasonal fluctuations by the sea floor, 
the three assemblages do not conform to the 
floral zones of McIntyre and Be (1967). 

The Maputo assemblage (Samples 1-14, 
21-25 and 65) is found on the shallow water 
continental shelf, inshore of the Agulhas 
Current (sector 1) and is characterized by 
G. oceanica (averaging 42%), E. huxleyi (33%), 
and lower concentrations of U. sibogae (12%), 
and C. leptoporus (5% ). The high abundance 
of G. oceanica in this area is probably related 
to inshore return currents and the associated 
upwelling of nutrient rich waters. The con­
trolling oceanographic features of this area 
are the shallow water bathymetry, low water 
temperatures (where there is upwelling) and 
the proximity of the warm Agulhas Current and 
its associated gyres. 

The Agulhas Current assemblage (Samples 
16-18, 20, 29, 44, 51-54, 70-71, 81-83 and 
87-96) is restricted to a narrow band running 
offshore and parallel to the coast, directly 
beneath the mean flow path of the Agulhas 
Current (see section 1.6.1) through sectors 
one, two and three. E. huxleyi dominates 
the assemblage with an average abundance of 
33%, G. oceanica only comprises 28% of the 
assemblage (10% lower than in the other two 
assemblages) while C. leptoporus and U. sibogae 
occur at average abundances of 13% and 12% 
respectively. 

The deep-water or dissolution assemblage 
(Samples 30-35, 38-40, 42-43, 45, 47-50, 
55-59, 61-64, 72, and 100) is situated in 
sectors three and four at depths greater than 
3500 meters, with the deepest samples being 
found in the Agulhas Passage ( 4879 m). 
G. oceanica occurs at abundances of about 41%, 
C. leptopoms is the next most abundant spe­
cies, occurring at an average abundance of 
23% (five times more abundant than in the 
north). E. huxleyi and U. sibogae contribute 
about 15% and 8% respectfully towards this 
assemblage. Since all of the deep-water 
samples occur at or below the lysocline (3500 
m to 4000 m), dissolution is probably the 
major influence determining assemblage composi­
tion. The most abundant species found in the 
assemblage, G. oceanica and C. leptopoms, 
are also the most dissolution resistant (Berger 
1973). 
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Two species, E. huxleyi and C. lepto­
porus, display significant differences in 
percent abundances from sediment surface 
samples from the north to the south of the 
study area E. huxleyi decreases in relative 
percent abundance from north to south while 
C. leptoporus shows the reverse trend. 
Temperature and salinity are thought to be 
two important environmental factors control­
ling the distribution of these two species. 
However, the temperature range of between 
15° and 26°C in the southwest Indian Ocean 
(Wyrtki et al, 1971) is well within the 
tolerance limit of both species (Okada and 
McIntyre 1979). Sea surface salinities vary 
only slightly, ranging between 35 and 35.6 
per mil (Wyrtki et al, 1971). These salinity 
ranges are also well within the tolerance 
limits for both E. huxleyi and C. leptoporus. 

Phosphate concentration in seawater may 
play an important role in influencing the 
distribution of coccolithophores (Reid 1962, 
Krey and Babenerd 1976, Winter 1982). Phos­
phate values in the study area range between 
about 0.2 and 1.0 mg at/I (Wyrtki et al, 
1971). Generally values increase from north 
to south with occasional pockets of relatively 
high phosphate concentrations associated 
with dynamic upwelling off Maputo and Durban 
(Martin 1984). The strong nutrient gradient 
from north to south and the increase of C. 
leptoporus (Fig. 3.10) in the same dir~ction, 
to the detriment of E. huxleyi (Fig. 3.8), 
seems to indicate fertility control in the 
distribution of C leptoporus. Other cocco­
lithophore species which have been reported 
to be sensitive fertility indicators such as 
G. oceanica and H. carteri (see community 
structure section above) are also found in 
areas of high nutrient concentrations in the 
study area. G. oceanica is most abundant in 
the shallow sediments off Maputo. Both species 
are abundant in the deeper, southern part of 

the study area. The high abundances of G. 
oceanica off Maputo support the affinity of 
this species for warm waters and high nutrient 
concentrations (Winter 1982 and 1985). 

The ocean floor distribution pattern of 
E. huxleyi and C. leptoporus may not only be 
due to latitudinal environmental changes 
occurring in the water column but also to 
post-depositional dissolution. This is be­
cause there is a distinct sample-depth gra­
dient from north to south, ranging from 
248 m off Maputo (No.13) to 4879 m south of 
Port Elizabeth (No.33). The coccoliths of 
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TABLE 9. 

Core Top Temperature :Ehosphate Assemblage 
Assemblage ( "C) (Mic ats/1) Composition 

Min Max Min Max Species Aburrlance 

1 MARJro 21 25 0.2 <0.8 G.oceanica 41.9 % 
SUrmner 25 26 >0.2 0.4 E.huxleyi 32.5 % 
Winter 21 22 0.6 <0.8 U. si.bocrae 11.5 % 

C.le:gtomrus 5.1 % 
Mean Depth= 925m G.ericsoni 1. 7 9.,-

0 

2 AGUI.HAS CURRENT 20 26 <0.2 0.6 E.huxleyi 31.2 9.,-
0 

SUrmner 24 26 <0.2 0.2 G.oceanica 30.0 % 
Winter 20 22 0.4 0.6 c.le:gtomrus 14.3 % 

U. si.bocrae 11.1 % 
Mean Depth = 2143m s.:gulchra 2.5 % 

3 DEEP WATER 15 23 <0.2 0.6 G.oceanica 34.8 9.,-
0 

SUrmner 19 23 <0.2 0.2 c.le:gtomrus 16.5 9.,-
0 

Winter 15 19 0.4 0.6 E.huxleyi 25.3 9.,-
0 

U.si.bocrae 10.5 9.,-
0 

Mean Depth= 3653m H.carteri 3.1 % 

Table 9. Sea surface temperature and phosphate values for the Maputo, Agulhas Current and 
Deep Water assemblages (after Wyrtki et al 1971). Mean values of significant coccolithophore 
species are also given. 
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C. leptoporus and E. huxleyi are both rela­
tively dissolution resistant. However, C. lep­
toporus is somewhat more resistant to calcium 
carbonate dissolution than E. huxleyi (McIntyre 
and McIntyre 1971, Berger 1973, Roth and 
Berger 1975) probably due to its larger and 
more tightly packed elements (Schneiderman 
1977). C. leptoporus is concentrated in 
samples below 3500 m (Figs. 3.9 & 5.2). On 
the other hand, E. huxleyi seems to remain 
relatively abundant in sediments shallower 
than 3500 m (Figs. 3.7 & 5.1), but decreases 
considerably in relative percent abundance at 
depths greater than this. Dissolution, there­
fore, seems to play a more important role in 
samples taken from the southern part of the 
study area where depths are greatest but can 
not explain the increase in the abundance of 
C. leptoporus with depth (Fig. 5.2) in the 
majority of samples taken from the northern 
two-thirds of the study area where we believe 
environmental factors play a more important 
role. 

5.4 CORE-TOP AGE DETERMINATION 
Emiliania huxleyi is believed to have 

evolved from Gephyrocapsa protohuxleyi some­
where between 270,000 and 250,000 years BP 
(McIntyre 1969) and became abundant between 
73,000 to 85,000 years BP (Stage 4-5a: Thier­
stien et al 1977). Thus samples containing 
abundant E. huxleyi should be younger than 
85,000 years BP. Indeed, all but one of 
the core-top samples taken in the study area 
contain E. huxleyi indicating that samples 
should all be younger than 270,000 years BP. 
Most of the samples, especially those from 
the north of the study area, contain relative 
percent abundances of E. huxleyi between 30 
and 52% and can be assumed to be less than 
85,000 years BP. In the south, samples from the 
deepest region (the Agulhas Passage) contain 
relative percent abundances of E. huxleyi of 
less than 10%, although the majority of samples 
contain relative abundances in the range 
10-30%. Since samples from the south are 
generally from greater depths, dissolution 
probably diminishes percentages of E. huxleyi, 
thereby biasing results in favor of C. lepto­
porus and other resistant species. Had these 
samples been well preserved, E. huxleyi might 
have made up a larger fraction of the cocco­
liths identified, yielding values representa­
tive of 85,000 years BP or younger. 
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5.5 OXYGEN ISOTOPES 
The oxygen isotopic ratio of water in 

the oceans is dependant on the amount of 
isotopically depleted ice stored on the 
continents (Dansgaard et al 1973): Water 
evaporates from the sea surface and subse­
quently precipitates at the polar ice caps. 
This results in an accumulation of 180 de­
pleted ice at the poles and the oxygen iso­
topic content of microfossil calcite is 
therefore heavier during interglacial than 
glacial periods. There is also a small 
isotopic fractionation between sea water and 
the calcite tests of marine plankton. At 
equilibrium this fractionation is controlled 
by temperature (Urey, 1947; Epstein et al 
1951, 1953), and therefore, isotopic varia­
tions are also due to surface water tempera­
ture variations. 

Seven samples (Nos.32,36,57,58,61,76 and 
87) for which isotope ratios were evaluated 
gave anomalously high or low ratios outside 
the temperature range expected for holocene 
samples (Dansgaard 1964) for G. sacculifer. 
The locations of these cores (Fig. 3.14) in 
areas of accelerated dissolution and winnowing 
(in the Agulhas Passage) or at the bases of 
steep topography indicate that these samples 
may be highly dissolved or contaminated with 
glacial material (see below). 

Remaining isotope ratios from core-top 
samples taken in the study area range• from 
-1.5 to 0.0 parts per mil PDB. Lightest 
values of -1.49 to -1.0 per mil PDB ( equals 
23 to 25°C, Vincent and Shackleton 1980) 
occur in a narrow band on the sea floor 
beneath the "A" route of the Agulhas Current, 
in the northern part of the study area (Fig. 
3.15). These values are about 0.5 per mil 
PDB lighter than samples analyzed on either 
side of this band. The isotopic temperatures 
fall within the summer temperature range of 
the Agulhas Current, 20 - 26°C (Wyrtki et 
al, 1971). The 0.5 parts per mil enrichment 
in isotopic ratios of G. sacculifer specimens 
underneath the Agulhas Current can be ex­
plained by its elevated temperature at the 
ocean surface of between 2 to 3°C (one per 

mil change in O 18 is equivalent to approxi­
mately 4°C; Emiliani 1955). Thus an oxygen 
isotope imprint of the Agulhas Current exists 
beneath it on the sea floor. Isotopic 
temperatures of G. sacculifer lying beyond 
the influence of the Agulhas Current range 
between 20.5 and 22.8°C and also reflect the 
summer average for sea-surface temperatures. 



This would seem to indicate that G. sacculifer 
is more productive in the summer months and 
is in agreement with the findings of Vincent 
and Shackleton (1980). 

South of about 28°S the occurrence of 
isotopically light samples decreases. This 
may be a result of decreasing temperatures 
of the Agulhas Current as it flows southward 
or due to carbonate dissolution. Dissolution 
of less resistant foraminifera species such 
as G. sacculifer tends to make them isotopi­
cally heavier (Berger and Killingley 1977) 
and many specimens of this species from depths 
greater than 3500 m were partly dissolved. 

Some samples give isotope values greater 
than -0.5 parts per mil PDB (less than 20.5°C) 
and indicate temperatures below the seasonal 
range of modem surface temperatures. However, 
we believe that these values are positively 
biased since the samples are from depths 
equal to or greater than 3500 m and have 
probably experienced some dissolution. On 
the other hand, a few of these samples also 
occur on the slopes of topographic highs 
which are vulnerable sedimentary environments 
and thus may be outcrops of glacial material 
which have been exposed by mass gravity flows 
or current activity. 

A few samples yielding unexpectedly 
warm estimated temperatures were found beyond 
the influence of the Agulhas Current or not 
directly related to its mean flow path. 
These may be core-tops of relict, reworked, 
or disturbed interglacial material, they 
occur chiefly off Durban near turbidite chan­
nels. 

Most of the oxygen isotope ratios obtained 
from the carbonate tests of foraminifera 
indicated depletion of 180, yielding Holocene 
values similar to those of Vincent and Shack­
leton (1980). This supports the belief that 
most of our core-tops especially north of 
32°S are probably of Recent age. 

5.6 IMPLICATIONS FOR SEDIMENTOLOGY 
AND AGULHAS CURRENT STRENGTH 

The Agulhas Current is probably the 
major factor influencing sedimentation, sedi­
ment distribution patterns, and geological 
features in the study area (Martin 1981). 
Evidence exits that the Agulhas Current may 
have influenced changing sedimentation through­
out the past with major current activity 
centering between 90-100 Myr BP, 65 Myr BP 
and 38-22 Myr BP (Martin 1981). In the Plei­
stocene, fluctuations in the current probably 
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occurred in response to sea level changes and 
changing physiography (Martin 1981). 

Vertical and lateral movements of the 
Agulhas Current during the past and particu­
larly during glacial intervals are of special 
interest because · of the current's role in 
transporting heat from the equator to the 
poles. Any shift in its temperature structure 
and velocity would effect inter- and intra­
ocean heat transfer and the climate of sou­
thern Africa 

The furthest southerly penetration of 
the Agulhas Current is directly associated 
with the position of the subtropical conver­
gence (STC), which separates warm saline 
subtropical water from cool low-salinity 
sub-polar water (Prell et al 1979). Cur­
rently positioned at about 40°S (Fig 1.2), 
the location of the subtropical convergence 
is linked to circulation patterns in the 
southern Indian Ocean (Duncan 1970). 

At present about 20% of Agulhas Current 
is lost from the Indian to the Atlantic Ocean 
(Gordon 1985). The cold Antarctic Bottom 
Water which flows north through the Agulhas 
Passage at depths greater than 4000 m probably 
replaces some of this water but there is a 
net heat loss from the Indian to the Atlantic 
ocean. A greater than s0 shift northwards in 
the position of the subtropical convergence 
would prevent Agulhas Current spillage into 
the Atlantic ocean and thus alter the ·inter­
ocean heat budget. 

Borehole and acoustic data (Dingle et al 
1978, Dingle and Camden-Smith 1979, Goodlad 
1986, Martin et al 1982 and Martin 1984) has 
suggested that surface sediments in the study 
area are largely outcrops of relict material 
that have been exposed by the Agulhas Current 
during periods of intense flow. At present 
the Agulhas is voluminous and fast flowing 
and may erode and transport sediments 2500 
meters below the surface (Duncan 1970). 

Percent E. huxleyi present and oxygen­
isotope ratios indicate that the majority 
of samples are most probably recent or at 
least not older than 85,000 years except for 
sediments found in the Agulhas Passage. This 
implies that sediments have accumulated on 
the ocean floor in the last 85,000 years and 
that the Agulhas Current does not have a 
pronounced erosional influence, at least in 
areas from which cores were retrieved for 
this study. 

The data presented here show that the 
position of the core of the Agulhas Current 



can be determined using oxygen isotopic temp­
eratures from surface sediments beneath the 
current in the southwest Indian Ocean. Oceano­
graphers have shown that current core tempera­
tures are related to current intensity. 
It should therefore be possible to determine 
past changes in current intensity by compar­
ing isotopic temperatures of surface and 
downcore sediments. 

The path of the Agulhas Current in the 
north of the study area is dictated by the 
location of its western boundary (the African 
continent) and therefore will not have changed 
much in the past. In the south of the study 
area, however, where the current has no solid 
boundary, its position may have changed during, 
say, the Pleistocene. Any changes in there­
fore be determined by comparing isotopic 
temperatures from undissolved surface and 
downcore material from this region. 

For example, Winter (UCTMarine Geoscience 
Unit, pers. com. 1986) has found that the 
glacial-interglacial range in oxygen isotope 
ratios of G. sacculifer from cores taken east 
of East London can be explained solely by 
changes in ice volume. No temperature effect 
is superimposed on the isotope signal, sug­
gesting that temperature (and perhaps inten­
sity) of the Agulhas Current remained more or 
less constant, at least since stage 5. 

If undissolved down-core sample material 
from the Agulhas Passage also indicated that 
the current core had not shifted in position 
or changed in intensity, this would imply 
that the inter-ocean heat transfer between 
the Indian and Atlantic Oceans (Gordon 1985) 
could not have changed considerably. The 
position of the subtropical convergence during 
glacial time could therefore not have shifted 
northward more than a few degrees. 

This emphasises the usefulness for paleo­
reconstructions of the core-top data presented 
in this thesis. 

Dingle et al (1978), Martin et al (1982), 
Martin (1984) and Goodlad (1986) indicated 
that the north of the study area is scoured 
by powerful currents which have exposed Cre­
taceous and Tertiary strata. The data pre­
sented here indicates, however, that the 
majority of the core-top samples investigated, 
except those from the Agulhas Passage, are 
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younger than 85,000 years BP. This suggests 
that sediment accumulation rather than 
scouring has occurred since this time at the 
earliest and emphasises the usefulness of 
this kind of data in determining the age of 
undissolved surficial sediments from the 
study area. 



6. CONCLUSIONS 

Core-top samples from the southwest Indian 
Ocean show that: 
1. Three processes, dilution, dissolution 
and winnowing, control the state in which sed­
iment material is preserved. 
2. Coccolith and foraminifera preservations 
deteriorate at depths greater than 3500 m, 
marking the begining of the lysocline. Sed­
iments in the Agulhas Passage (sector four: 
3000-5000 m) are therefore frequently dis­
solved, especially since they are also swept 
by corrosive Antarctic Bottom Water. 
3. Dilution of calcareous sediments is 
related to the flux of terrigenous material 
to the ocean floor, and is therefore greatest 
close to the continent. 
4. Winnowing occurs in the shallow sed­
iments of sectors one and two beneath the Agul­
has Current and in the Agulhas Passage beneath 
Antarctic bottom water. 
5. Three coccolith assemblages (Maputo, 
Agulhas Current and Deep water) have been re­
cognized in the study area and are delineated 
by four ecologically significant coccolitho­
phore species ( G. oceanica, E. huxleyi, 
C. leptoporus and U. sibogae). 
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6. Dissolution seems to be important in 
determining coccolith community structure in 
the south where depths are greatest, whereas 
environmental factors ( eg. nutrient concen­
tration and water temperature) seem to play 
a more important role in the majority of 
samples taken from the northern two-thirds 
of the study area 
7. E. huxleyi percentages and isotope ratios 
from the carbonate tests of foraminifera 
indicate that the majority of core-top samples 
are less than 85,000 years BP except for 
sediments found in the Agulhas Passage. 
8. Lightest isotope values (-1.5 to -1.0 
per mil PDB) occur beneath the "A" route of 
the Agulhas Current and are about 0.5 per 
mil PDB lighter than samples analyzed beyond 
the current's influence; and thus reflects 
the Agulhas Current's elevated temperature 
of between 2 to 3 degrees centigrade. 
9. In areas from which cores were retrieved 
for this study, sediments appear to have been 
accumulating over the last 85,000 years . 
This suggests that the current is not par­
ticularly erosive at these sites at present 
and demonstrates the useful application of 
this data in reconstructing the paleohistory 
of the Agulhas Current. 
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APPENDIX 

Percent abundances of the rare and unidentified species of coccolithophore represented in the 
surface sediments of the southwest Indian Ocean by their coccoliths. Species names are 
abreviated and the plate reference is given for each species. The symbols NA indicati; that 
coccoliths were not found in these samples. 
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