
Wefer, G., Berger, W.H., and Richter, C. (Eds.)
Proceedings of the Ocean Drilling Program, Scientific Results Volume 175

11. SILICEOUS PHYTOPLANKTON 
PRODUCTIVITY FLUCTUATIONS

IN THE CONGO BASIN OVER THE PAST 
460,000 YEARS: MARINE VS. RIVERINE 
INFLUENCE, ODP SITE 10771

E. Uliana,2 C.B. Lange,3 B. Donner,2 and G. Wefer2

ABSTRACT

Accumulation rates, concentrations, and relative abundance of sili-
ceous microfossils from Site 1077 are used to reconstruct changes in
marine productivity and climate history of the Congo Fan area. The
major contributors to siliceous productivity are marine diatoms, which
show highest concentrations during glacial stages and cooler substages
of the last interglacial. Abrupt changes are observed during Termination
II (oxygen isotope Stage 5/6 boundary): (1) the marine diatom signal
varies in amplitude and assemblage composition from predominantly
marine to marine/brackish and (2) the environmental setting on land
obtained from freshwater diatoms and chrysophycean cysts points to
changes from more arid conditions accompanied by a large drainage
area of the Congo River to more humid conditions and a decrease in
the inland water content for the last 125 k.y.

INTRODUCTION

During Ocean Drilling Program (ODP) Leg 175, the Lower Congo Ba-
sin (LCB) off west Africa was the target for three drilling sites (1075,
1076, and 1077) along a transect on the northern rim of the Congo Fan
(Shipboard Scientific Party, 1998a). Here, one of the largest rivers in
terms of freshwater discharge joins an oceanic high-fertility area. The
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regional environment is dominated by seasonal coastal upwelling and
associated filaments and eddies moving offshore, by riverine input
from the Congo River, and by incursions of open-ocean waters, espe-
cially from the South Equatorial Countercurrent (Fig. F1). Thus, the
combination of pelagic and terrigenous information contained in these
fan-margin deposits provides an excellent opportunity for studying si-
multaneous climatic changes on land and sea.

One of the goals of Leg 175 included the reconstruction of the his-
tory of productivity off Angola and Namibia and the influence of the
Congo River, thereby extending available information about the late
Quaternary (e.g., Schneider et al., 1994, 1996, 1997; Jansen et al., 1996,
and references therein) to earlier periods (Shipboard Scientific Party,
1998a). According to Jansen (1985), river-induced phytoplankton activ-
ity extends ~160 km beyond the shelf edge and would affect all three
sites drilled. However, it is also evident from these earlier studies that
major productivity changes off the Congo are determined by wind forc-
ing and oceanic subsurface nutrient supply rather than merely reflect-
ing fertility changes induced by river discharge of nutrients. In an
elegant work using oxygen and carbon isotope data of two planktonic
foraminifers, Schneider et al. (1994) showed that off the Congo, ocean
dynamics have overwhelmed the influence of one of the world’s largest
rivers on marine coastal productivity over the past 190 k.y. This is con-
trary to other areas off major rivers where a strong freshwater signal was
described (Pastouret et al., 1978; Showers and Bevis, 1988).

High opal content characterizes the Congo Fan sediments (Müller
and Schneider, 1993) where diatoms dominate. Schneider et al. (1997)
suggested that enhanced opal production in this region was the result
of additional fluvial supply of dissolved silica during humid climates
characterized by more intense chemical weathering on the continent,
whereas total paleoproductivity created by oceanic upwelling was high
in periods of increased zonal trade wind intensity at precessional insola-
tion minima and during cold, more arid glacial climate conditions.

Here, we present a record of siliceous microfossil paleoproductivity
spanning the last 460 k.y. from upper Pleistocene sediments of ODP Site
1077. By using accumulation rates and the relative contribution of sili-
ceous components of both continental origin (freshwater diatoms, phy-
toliths, and chrysophycean cysts) and marine origin (marine diatoms,
silicoflagellates, and radiolarians) in combination with organic matter
and opal data from nearby sites (ODP Site 1075 and GeoB1008), we aim
to reconstruct temporal fluctuations in the Congo River freshwater out-
flow, coastal upwelling, and open-ocean contributions to the dynamics
of the region. Our findings are integrated with and compared to those
of previous studies from nearby sites in the Congo Fan and off Angola
(e.g., Mikkelsen, 1984; Jansen et al., 1984; van Iperen et al., 1987; Jan-
sen and van Iperen, 1991; Schneider et al., 1994, 1995, 1997; Gingele et
al., 1998).

REGIONAL SETTING

Hydrography

Detailed studies of modern hydrography in the eastern Angola Basin
and the Congo Fan area are given by Eisma and van Bennekom (1978),
van Bennekom and Berger (1984), and Schneider et al. (1995). The com-
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plex hydrography of the area involves different water masses with char-
acteristic physical and biological properties.

In the eastern Angola Basin (0°–20°S), the surface and shallow sub-
surface circulation is dominated by the Angola Current (AC) and the
Benguela Coastal Current (BCC). The AC flows southward along the Af-
rican coast and is fed by the eastward-flowing, shallow-subsurface warm
South Equatorial Countercurrent (SECC). The BCC transports cold, nu-
trient-rich waters northward across Walvis Ridge. The two currents con-
verge between 14°S and 16°S, depending on the season, and form the
Angola Benguela Front (ABF) (Fig. F1). In a zone between 10°S and 16°S,
the interaction between the SECC, AC, and BCC creates a complicated
pattern of fronts, gyres, and thermal domes (e.g., Angola Dome), bring-
ing nutrient-rich shallow subsurface waters into the euphotic zone (oce-
anic upwelling). North of the ABF, the BCC can be traced as a shallow
subsurface current to 5°S (van Bennekom and Berger, 1984). The ABF
delineates the northern boundary of the zonally directed tradewind
field. North of the ABF, winds weaken and change to a meridional direc-
tion (summary in Schneider et al., 1995). Coastal upwelling is restricted
to two narrow areas north and south of the Congo estuary and is con-
sidered to be the result of upwelling of colder waters of the Equatorial
Undercurrent.

Superimposed on the system described above is the influence of the
Congo River and fan area, which supplies freshwater, nutrients (includ-
ing large amounts of dissolved SiO2), and sediments to the ocean. The
Congo River is the second largest river in the world. It has a peculiar es-
tuarine hydrography caused by the small river mouth, which includes
the canyon head (Jansen, 1984). This forces a rapid outflow of river wa-
ter toward the ocean in a sharply bounded turbid surface layer 5–15 m
thick, which also entrains subsurface oceanic waters rich in phosphate
and nitrate (Eisma and van Bennekom, 1978). The plume of Congo wa-
ter, characterized by reduced surface-water salinity, can be detected as
far as 800 km offshore during austral summer, when monsoonal circula-
tion and precipitation reach their maximum seasonal intensity (Eisma
and van Bennekom, 1978; van Bennekom and Berger, 1984). Salinity is
<30‰ in the inner plume area. Farther offshore (150–200 km from the
river mouth), the plume broadens, salinity rises to ~30‰, and maxima
in primary production (river-induced upwelling) (van Bennekom and
Berger, 1984), diatom cell numbers (Cadée, 1978, 1984), and diatom ac-
cumulation rates in the sediments (van Iperen et al., 1987) are found.

As a result of coastal, oceanic, and river-induced upwelling, modern
primary productivity is very high in the surface waters off the Congo;
Berger et al. (1989) gives values of 90–125 gC/m2/yr. Data on biogenic
silica production indicate high diatom productivity in the surface wa-
ters surrounding the central Congo plume, accounting for 40%–60% of
the total carbon productivity (van Bennekom and Berger, 1984).

Sediments

Sedimentation within the LCB is dominated by rainout of suspended
clay derived from the Congo River and by pelagic settling of biogenic
debris. Since the Congo River drops most of its coarse load before reach-
ing the ocean (unlike other river-influenced hemipelagic systems), LCB
sediments lack a significant river-borne sand and silt fraction (Jansen et
al., 1984). Wind-derived silt is minimal in relation to the amount of
river-deposited clay (Jansen et al., 1984; van der Gaast and Jansen,
1984). Kaolinite and smectite are the most important clay minerals in
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the surface sediments of the Congo Fan (van der Gaast and Jansen,
1984; Gingele et al., 1998). Other important terrigenous components
include fresh- and brackish-water diatoms, plant remains, and phy-
toliths. The marine biogenic components include marine diatoms
(dominating), coccoliths, planktonic and benthic foraminifers, sili-
coflagellates, radiolarians, dinoflagellate cysts, ebridians, and sponge
spicules (e.g., Jansen et al., 1984; Mikkelsen, 1984; van Iperen et al.,
1987; Jansen and van Iperen, 1991).

Site 1077 (5°10´S, 10°26´E) is the intermediate-water drill site on a
depth transect in the LCB, located in 2382 m water depth at the north-
ern edge of the Congo River plume (Fig. F1). Three holes (Holes 1077A,
1077B, and 1077C) were cored with the advanced hydraulic piston
corer to a maximum depth of 205.1 meters below seafloor (mbsf),
which recovered a continuous hemipelagic sedimentary section span-
ning the entire Pleistocene. Sediments are dominated by diatomaceous,
partially carbonate-bearing clays (Shipboard Scientific Party, 1998c).
Sedimentological evidence suggests that Site 1077 is not affected by tur-
bidity currents (Pufahl et al., 1998). The sediment composition of ODP
Site 1075 does not differ significantly from Site 1077 and consists en-
tirely of greenish gray diatomaceous clay and nannofossil-bearing di-
atomaceous clay (Shipboard Scientific Party, 1998b. 

MATERIALS AND METHODS

Siliceous Microfossils

We investigated samples from Site 1077. Sampling was mainly per-
formed on Hole 1077A, although for some intervals additional samples
were collected from Holes 1077B and 1077C. Meters below seafloor
were transformed to meters composite depth (mcd) according to Ship-
board Scientific Party (1998c).

High-resolution (20-cm sampling intervals) stable isotope analysis
was performed on handpicked samples of the planktonic foraminifer
Globigerinoides ruber (size >150 µm). A Finnigan MAT 251 micromass
spectrometer equipped with a Kiel automated carbonate preparation de-
vice was used.

Samples (5 cm3) were also collected for siliceous microfossil analysis.
Sampling intervals varied from every 45 cm for the upper 44 mcd (rep-
resenting an average resolution of ~2 k.y.) to every 110–120 cm down-
core to 70 mcd; resolution for the lower part ranges from ~5 to 10 k.y.
Samples were freeze-dried, and 0.4 g of dry sediment for each sample
was treated with hydrochloric acid and hydrogen peroxide to dissolve
carbonates and organic matter following the method of Schrader and
Gersonde (1978); sodium pyrophosphate was added to remove clay-
sized particles in suspension. Acid and salt remains were removed by re-
peated steps of rising with distilled water and settling. Preparation of
slides for qualitative and quantitative analyses was performed according
to Lange et al. (1994).

Identification and counting of taxa was done with a Zeiss-axioscope
with phase-contrast illumination at 1000× magnification. Because of
the overwhelming dominance of a few diatom taxa, the counting pro-
cedure was divided into two steps: (1) for the most abundant diatom
species (e.g., Thalassionema nitzschioides var. nitzschioides, Cyclotella lito-
ralis, and Chaetoceros spp.) just one transect across the slide was quanti-
fied; (2) for the rest of the diatom species, radiolarians, silicoflagellates,
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ebridians, phytoliths, chrysophycean cysts, and the siliceous skeleton
of the dinoflagellate Actiniscus pentasterias, a fraction of the slide (one-
third, one-fifth, or one-tenth, depending on abundance) was counted.
Sponge spicules were not included in our analysis. Definition of count-
ing units followed that of Schrader and Gersonde (1978). Diatoms and
silicoflagellates were identified to the lowest taxonomic level possible,
whereas all other siliceous microfossils were counted as groups. Abun-
dances of taxa and/or microfossil groups were calculated as concentra-
tions per gram and as accumulation rates (AR). Relative abundances of
individual species or group of species were calculated as percent of total
assemblage. Accumulation rates for the different microfossils studied
was calculated according to van Andel et al. (1975), as follows:

AR = δ × a × SR,

where

δ = dry bulk density in grams per cubic centimeter (obtained from
www-odp.tamu.edu/publications/175_IR/COREDATA/
SITE1077/HOLE_A/GRAPE.DAT); 

a = the estimated concentration for each group of siliceous micro-
fossils per gram of sediment; and 

SR = sedimentation rates in centimeters per thousand years obtained
by linear interpolation between isotopic tie points.

All data are available through the PANGAEA server (www.pangaea.de/
Projects/SFB261/EUliana_et_al_2000/).

We used the PhFD Index introduced by Jansen et al. (1989) as an in-
dex of paleoaridity over equatorial Africa. This index is a ratio between
the concentration of phytoliths and freshwater diatoms (Ph/[Ph+FD]).
High values are related to arid conditions over the continent (higher
abundance of phytoliths), whereas low values (high freshwater diatom
concentrations) may reflect stronger river influence in the Congo area.

Biogenic Components

Biogenic opal content was measured on Site 1075 samples by Hui-
Ling Lin at the National Sun Yat-Sen University of Taiwan. Opal con-
tents were determined by the basic leaching method of Mortlock and
Froelich (1989), modified by using different acid and base reagents
(Lange et al., 1999; Lin et al., in press). Values reported here as opal con-
tents are calculated (based on Mortlock and Froelich [1989]) as follows: 

Opal (wt%) = 2.4 × Siopal (wt%)

Total carbon and organic carbon (TOC) concentrations were mea-
sured on Site 1075 samples using a LECO CS-244 carbon/sulfur ana-
lyzer. Analytical details are given in Lin et al. (in press).

http://www-odp.tamu.edu/publications/175_IR/COREDATA/SITE1077/HOLE_A/GRAPE.DAT
http://www-odp.tamu.edu/publications/GRAPE.dat
http//www.pangaea.de/Projects/SFB261/EUliana_et_al_2000/
http://www.pangaea.de/Projects/SFB261/EUliana_et_al_2000/
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RESULTS

Oxygen Isotopes and Age Model

The δ18O record of the planktonic foraminifer G. ruber (pink) from
Site 1077 exhibits the shape typical for Quaternary records (Fig. F2), re-
sulting from changes in seawater δ18O due to the buildup and retreat of
glacial polar ice caps and changes in water temperature (e.g., Shackle-
ton and Opdyke, 1973; Schneider et al., 1996). The Holocene peak at
1.25 mcd was fixed as age control point 7 ka. It corresponds to the Cli-
matic Optimum and also reflects increased discharge of isotopically
light Congo River water. Pastouret et al. (1978) and Schneider et al.
(1994) had already observed this variation superimposed on the classi-
cal δ18O record of planktonic foraminifers in this area. All age control
points used are listed in Table T1, and the age model is plotted in Figure
F3. Features in the δ18O data set of ODP Site 1077 were aligned with the
record from Site 677 (Panama Basin) (Shackleton et al., 1990). For depth
intervals with low carbonate content (between 60 and 95 mcd), the
record of magnetic susceptibility was successfully used to (1) align the
isotope record and (2) assign age-depth intervals (Dupont et al., 2000).
The magnetostratigraphy corresponds well with the isotope record
(Matuyama/Brunhes boundary; Stage 19).

Sedimentation Rates

Sedimentation rates were calculated by linear interpolation between
age control points (Figs. F2, F4). Lowest values (8–11 cm/k.y.) corre-
spond to glacial Stages 6, 10, and 12; highest values ranged between 17
and 22 cm/k.y. within Stages 11, 9, 8, and during the past 120 k.y. In
Figure F2, we compare Site 1077 sedimentation rates during the last 200
k.y. with those from a well-studied core (GeoB1008) (Schneider, 1991)
retrieved from 3124 m water depth just south of our site and located
within the Congo River plume (GeoB1008; 6°35´S, 10°19´E; water depth
= 3124 m). The shallower water depth at Site 1077 (2382 m) probably
accounts for overall higher sedimentation rates. Discrepancies in the
curve shapes (e.g., within Stages 5 and 6) may be attributed to local dif-
ferences in sedimentation patterns and/or errors in age-depth align-
ment by correlation of individual δ18O records to the SPECMAP
standard stack.

Records of Biogenic Constituents

Organic Carbon

Only shipboard data are available for Site 1077 (Shipboard Scientific
Party, 1998c). TOC values range from 1.9 to 4.7 wt% over the past 500
k.y. (Shipboard Scientific Party, 1998c). Higher resolution data do exist
for core GeoB1008 (Schneider et al., 1997) and for nearby Site 1075
(4°47´S, 10°4.5´E; water depth = 2995 m) (Lin et al., in press). Both data
sets are presented in Figure F2. Schneider et al. (1997) has shown that
variations of TOC in the Congo Fan core GeoB1008 are mainly the re-
sult of changes in marine organic carbon (MOC) with values between
0.5 and 4 wt%. TOC concentrations at Site 1075 range from ~1.5 to 3.6
wt%. Here also, the organic matter appears to be mostly of marine ori-
gin (Shipboard Scientific Party, 1998b) and the relative contribution of
terrestrial organic carbon is low (~0.5 wt%) (B. Jahn, pers. comm.,
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2000). It is evident that discrepancies in the timing of some peaks and
valleys, especially during Stage 5, are due to (1) the very preliminary
stratigraphy of Site 1075, which is based on shipboard nannofossil da-
tum events (Shipboard Scientific Party, 1998b) and (2) differences in
sampling strategy (every 5 cm for GeoB1008 and every ~1.5 m for Site
1075). However, the patterns are possibly comparable between both
sites and higher percentages of MOC correspond to Stages 2 and 3 and
to Substages 5.2, 5.4, 6.2, 6.4, and 6.6 (Fig. F2) (Schneider et al., 1994). 

Biogenic Opal

Upper Quaternary Congo Fan sediments have high contents of bio-
genic silica (van der Gaast and Jansen, 1984; Schneider et al., 1997). In
Figure F2, we plot two comparable records of biogenic silica for core
GeoB1008 (Schneider, 1991) and Site 1075 (Lin et al., in press), both
measured with automated wet leaching methods (Müller and
Schneider, 1993, for GeoB1008; Mortlock and Froelich, 1989, for Site
1075). Values range from ~5 to 25 wt%. Although discrepancies in the
timing of events over the last 200 k.y. are due to differences in sampling
strategy and age model (see “Organic Carbon,” p. 6), strong minima
are observed in the Holocene and during the warmest period of the last
interglacial (Substage 5.5 for core GeoB1008) and higher contents corre-
spond to late Stage 3–early Stage 2, Substage 5.4, and within Stage 6.

For the older record (beyond the last 200 k.y.), the sample density of
Site 1075 is too low and the age model is too preliminary to deduce ac-
curate timing of changes in productivity based on TOC and opal fluctu-
ations downcore. These preliminary data point to higher TOC values in
late Stage 8–early Stage 7 and Stages 11 and 12. Obvious minima in opal
weight percent correspond to Terminations 7/8 and 9/10.

Siliceous Organisms

Sediments of the Congo Fan area contain large amounts of siliceous
microfossils. Only the dominant siliceous components are discussed be-
low (in terms of accumulation rates, concentration, and species compo-
sition). Concentrations (per gram of dry sediment) of the most
abundant microfossil groups counted are represented in Figure F5 and
Table T2, and their accumulation rates are shown in Figure F4. The ma-
rine signal dominates at Site 1077, in agreement with previous studies
(van Iperen et al., 1987; Jansen and van Iperen, 1991; Schneider et al.,
1997). Abundances of marine diatoms are overwhelming (average = 5 ×
107 valves/g); they compose 97% of the diatom assemblage (Table T3).
The preservation state of the valves is moderate to good; lightly silici-
fied species (e.g., vegetative cells and setae of Chaetoceros, Bacteriastrum
elongatum/furcatum, and Skeletonema costatum) are present throughout.
However, corroded valve edges were also observed (see also van Iperen
et al., 1987). Silicoflagellates and radiolarians follow in second place,
with abundances of 104–106 individuals/g dry sediment. For the three
marine siliceous groups, concentrations tend to be higher (although
highly variable) between 10 and 70 ka (especially for marine diatoms
and silicoflagellates), during cooler conditions (Schneider et al., 1995)
of Substages 5.2 and 5.4, and during glacial Stages 6 (especially for radi-
olarians), 8 and 9 (marine diatoms), and 10 and 12 (marine diatoms
and silicoflagellates) (Fig. F5).

The continental signal is driven by freshwater diatoms with absolute
abundances on the order of 106 valves/g (Fig. F5), an order of magni-
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tude lower than marine diatoms. They originate from the drainage area
of the Congo River. Chrysophycean cysts and phytoliths are present in
almost all samples. Chrysophycean cysts are siliceous resting stages of
chrysophyceaen algae, which are commonly found in lakes (Smol,
1988); phytoliths are discrete, solid bodies of opaline silica in epidermal
cells of grasses (Alexander et al., 1997; Runge, 1999). Phytolith concen-
trations average 105 bodies/g dry sediment, and accumulation rates are
~107 bodies/cm/k.y. The ratio of phytoliths to marine diatoms (×100) is
low, 0.59, in agreement with the geographical distribution published by
van Iperen et al. (1987). Phytolith maxima tend to coincide with glacial
periods, whereas higher contributions of freshwater diatoms fall within
interglacial stages (Fig. F5) and tend to occur during maxima in boreal
summer insolation over Africa (Fig. F6). Both groups showed a signifi-
cant difference in average concentration between glacial and intergla-
cial times (Student’s t test [Sokal and Rohlf, 1973]: T freshwater diatoms
= 26.7, and T phytoliths = 4.8; with t(0.05; 128) = 2.626). Values for the
PhFD index (Jansen and van Iperen, 1991) average 0.2 and range be-
tween ~0 (almost no phytoliths) and 0.8 (reduced influx of freshwater
diatoms to the sediments); they are comparable to Jansen and van Ip-
eren's (1991) PhFD indices for nearby cores T78-3 (5°11´S, 7°58´E) and
T78-46 (6°50´S, 10°45´E).

ARs were also calculated for each siliceous group. Although accumu-
lation records are highly dependent on sedimentation rates (see discus-
sion in Schneider et al., 1996), absolute abundances of each siliceous
group are so high that they drive the AR pattern (cf. Figs. F5 and F4).
ARs of marine diatoms range from 3.9 × 106 to 3.7 × 109 valves/cm/k.y.
and are highest during Stage 2 and late Stage 3, Substages 5.2 and 5.4,
Stage 8, and late Stage 9. Between 460 and 125 ka, silicoflagellate values
oscillate around the mean (1.8 × 107 skeletons/cm/k.y.) and show an
abrupt increase at ~100 ka with maxima at ~40, 60, and 85 ka (Fig. F4).
Radiolarian AR values fluctuate between 1.6 × 106 and 4.2 × 107 tests/
cm/k.y.

An interesting feature is that all siliceous organisms show both very
low absolute abundances and accumulation rates at the Stage 5/6
boundary, a time of very low diatom diversity. This may point to a dis-
solution level also observed by Jansen and van Iperen (1991) in the
Congo Fan area.

DISCUSSION: TEMPORAL FLUCTUATIONS
IN THE COMPOSITION OF SILICEOUS 

MICROFOSSIL ASSEMBLAGES

Marine Signal

A total of 154 diatom taxa were identified and counted. The most
common taxa (28, with an overall average contribution of >1%) are
summarized in Table T3. Marine diatoms dominate the assemblage in
terms of relative contribution (~97% marine vs. ~3% freshwater), as
well as concentrations per gram, and accumulation rates (see “Sedi-
mentation Rates,” p. 6, and “Siliceous Organisms,” p. 7, both in “Re-
sults”).

In the sediments of the Congo Fan, van Iperen et al. (1987) defined
six marine diatom groups in surface sediments that reflect properties of
the overlying water masses. Essentially, we keep their groupings with
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slight modifications based on our own experience with temporal and
spatial distribution of diatom species in sediment traps and surface sed-
iments in the equatorial and tropical Atlantic (summary in Romero et
al., 1999a), including additional observations of Pokras and Molfino
(1986). The composition of the resulting seven groups and their pre-
ferred environmental conditions is given in Table T3, their distribution
downcore is illustrated in Figure F7, and their concentration per gram
dry sediment is summarized in Table T4.

In accordance with the results of van Iperen et al. (1987), the marine
diatom assemblage is dominated by two neritic, high-nutrient indica-
tors, T. nitzschioides var. nitzschioides and resting spores of the genus
Chaetoceros, and by C. litoralis. The latter can be considered a plume-re-
lated species in the Congo and the Niger area (van Iperen et al., 1987;
Pokras, 1991). It is possible that in these previous studies, C. litoralis was
misidentified as C. striata (van Iperen, pers. comm, 1999). Although lit-
tle is known about the ecological preferences of C. litoralis, the species
has been recurrently found in neritic environments with highly vari-
able salinities (C. Lange, unpubl. data). Fluctuations in relative abun-
dance and accumulation rates of this species at Site 1077 suggest two
long-term periods of lowered salinity and enhanced river discharge, be-
tween 220 and 325 ka (moderate) and in the last 125 ka, including two
strong pulses at 10–50 ka and 75–125 ka.

The occurrence of Chaetoceros spp. resting spores and remains of veg-
etative cells in the Congo area can be attributed to seasonal variability
of coastal upwelling and nutrient input from the river outflow (the
Congo effect) and probably also reflects advection from the shelf (see
discussion in Jansen and van Iperen, 1991). They are common members
of the diatom assemblage (~20%), and their abundance pattern shows
high variability, especially during the past 250 k.y. Maxima in the rela-
tive abundance are seen during interglacial stages (Fig. F7).

We consider the record of T. nitzschioides var. nitzschioides as indica-
tive of increased nutrient supply by the coastal upwelling process, in
agreement with Jansen and van Iperen (1991), rather than of river in-
fluence (Pokras and Molfino, 1986). At Site 1077, a long-term trend is
evident with a clear dominance (>50%) during 460–125 ka, dropping to
low levels at Termination II (Fig. F7). On shorter time scales, abundance
peaks are generally associated with glacial periods.

The presence of the littoral group (composed of benthic, tycopelagic,
epiphytic species, etc.) is constant but rare (~1%); moderate peaks oc-
curred during interglacials. A significant (5% confidence level) differ-
ence in average concentration between glacial and interglacial times
was found (Student’s t test; Sokal and Rohlf, 1973): TT = 4.669, theo-
retic t-value = 2.626. The warm-water group was always present in low
numbers (highest peak in Stage 11) as an indication that our study area
has always been under the influence of warm and saline waters of the
SECC. Episodic maxima of the oceanic temperate assemblage may be
associated with cold water intrusions of the BC.

It is interesting to note two time intervals with prominent peaks in
the relative abundance of a cold water silicoflagellate, Dictyocha specu-
lum (at ~25 and 40–50 ka), and of the oceanic temperate diatom assem-
blage (at 40–70 and 225 ka) (Fig. F8). In particular, the period 15–65 ka,
and to a lesser extent 80–100 ka, coincides with high diatom accumula-
tion rates and lower sea-surface temperatures (Schneider et al., 1995) in
the Congo Fan area (Fig. F8). These observations correlate well with in-
ferences made by Jansen et al. (1996) of northward movements of the
ABF. Although the peaks may not represent BCC waters per se (Jansen et
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al., 1996), we suggest that these times are characterized by enhanced
productivity caused by frontal mixing of cold, nutrient-rich waters from
the south (Fig. F8) and river-induced upwelling from the coast (high
abundances of Chaetoceros spp. and C. litoralis) (Fig. F7). We do not
know if the 225-ka peak can also be related to an earlier northerly posi-
tion of the ABF.

Continental Signal

The presence of freshwater diatoms and phytoliths in marine sedi-
ments from the Atlantic Ocean is attributed to three different transport
mechanisms: eolian, fluvial, and transport by turbidity currents
(Pokras, 1991; Pokras and Mix, 1985; van Iperen et al., 1987; Gasse et
al., 1989; Stabell, 1986; Treppke, 1996). The interpretation of these sili-
ceous remains in the water column and sediments raises the problem of
identifying their source area and transporting agents. In the equatorial
and tropical regions between 20°N and 10°S and west of 2°E, eolian
transport with direct settling over the open ocean is assumed to be the
main transport mechanism of freshwater diatoms and phytoliths
(Pokras, 1991; Pokras and Mix, 1985; Stabell, 1986; Gasse et al., 1989;
Romero et al., 1999b). In contrast, in nearshore areas influenced by
river discharge (e.g., Niger, Congo, and Amazonas), fluvial transport is
responsible for the deposition of freshwater diatoms, phytoliths, and
other continental remains (Melia, 1984; Gasse et al., 1989; van Iperen et
al., 1987; Jansen and van Iperen, 1991). Site 1077 is strongly influenced
by Congo River discharge (Fig. F1); it lies outside of the turbidite fan
area (van Weering and van Iperen, 1984; van Iperen et al., 1987; Pufahl
et al., 1998). Although eolian influence at our study site cannot be com-
pletely ruled out as a possible mechanism of deposition of continental
remains, wind contribution is probably minor when compared to the
riverine input. The continental signal recorded by freshwater diatoms is
dominated by the genus Aulacoseira (mostly Aulacoseira granulata and
Aulacoseira islandica), which represents an average of 64% of the fresh-
water assemblage (Table T3). Other freshwater species in sediments of
Site 1077 include Cyclotella meneghiniana, Luticola mutica, and Stephano-
discus astrea. Their abundances may be underrepresented, because Aula-
coseira-rich sediments from Site 1077 may also be a consequence of
differential dissolution during transport within the river waters and dis-
charge into the ocean, where dissolution increases as a result of low dis-
solved silica contents and high ionic concentration (van Bennekom
and Berger, 1984; Hurd, 1983). However, Aulacoseira species are com-
monly found in African water bodies, especially in the Congo River,
where the genus makes up 80% of the total diatom population (Gasse et
al., 1989). We believe that Aulacoseira values (and total freshwater
loads) at Site 1077 are useful for reconstructing temporal fluctuations in
the intensity of Congo River discharge. They reflect humid periods with
increased rainfall and river discharge fostered by an intensified mon-
soon during times of maximum insolation in the Northern Hemisphere
(Fig. F6) (Schneider et al., 1997; Gingele et al., 1998).

The continental signal derived from chrysophycean cysts is probably
related to both humidity on land and changes in the Congo drainage
area and inland water bodies. An interesting long-term contrasting
trend is evident when comparing freshwater diatom and chryso-
phycean cyst records, with chrysophycean cysts being more abundant
between 460 and 125 ka (except for two freshwater diatom maximas at
~170 and ~370 ka) and freshwater diatoms dominating during the last
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122 k.y. (Fig. F6). Because chrysophycean cysts are of limnic origin, we
speculate that their higher values prior to Termination II may be attrib-
uted to a larger number of lakes drained by the Congo. Apparently, pre-
Pleistocene times were characterized by lakes and swamps covering a
large area around the Congo River (Beadle, 1974). Changes in vegeta-
tion were also recorded. A drop in the proportion of plants of the family
Cyperaceae at and around Termination II was reported by Dupont et al.
(1999). This family includes aquatic plants adapted to life in marshy
and freshwater environments.

Our third continental proxy, the contribution of phytoliths, does not
show marked long-term changes. Phytoliths were almost always present
in much lower numbers than freshwater diatoms and chrysophycean
cysts; highest relative abundances were observed during Stages 6 and 7
(Fig. F6). On the other hand, the PhFD index shows a spiky pattern
with a moderate long-term trend pointing to more arid conditions on
land prior to ~122 ka and more humid conditions thereafter.

CONCLUSIONS

1. Sediments from Site 1077 contain large amounts of siliceous mi-
crofossils. The marine signal dominates, and marine diatoms are
the most abundant siliceous microfossils group, followed by sil-
icoflagellates and radiolarians.

2. High abundances of diatoms, silicoflagellates, and radiolarians
point to increased productivity during glacial stages and cooler
conditions of Substages 5.2 and 5.4.

3. An abrupt change in the amplitude of the siliceous signal as well
as in the diatom assemblages is evident at Termination II. The
system seems to change from predominantly marine to marine/
brackish.

4. The continental signal derived from freshwater diatoms shows
two periods that can be correlated with humid conditions on
land and/or northward movements of the Congo River plume
during Stages 10 and 11 and during 28–119 ka.

5. Fluctuations in the abundances of chrysophycean cysts may be
used as indicators of changes in the extension of inland waters.
They point to an abrupt reduction of the limnetic system, partic-
ularly during the last 125 k.y.

6. Sedimentation rates showed highest values at Stage 11, between
Stages 9 and 7, and between Stages 5 and 1 in correspondence to
the northward movements of the ABF detected by the oceanic
temperate diatom assemblage in combination with D. speculum
(cold-water silicoflagellate).

7. The opal signal recorded at Site 1075 correlates well with con-
centration of marine diatoms at the Site 1077 from ~120 ka to
the present; differences in timing can be attributed to differences
on the age model. Both parameters showed higher values during
the last 125 k.y.

8. TOC in sediments from Site 1075 is of marine origin, in agree-
ment with the overwhelming dominance of marine siliceous mi-
crofossils.
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Figure F1. Location of Sites 1077, 1075, and GeoB1008 and main surface and subsurface currents and areas
with high primary productivity in the eastern Angola Basin. Modified from Schneider et al. (1994).
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Figure F2. Comparison of Sites 1077 (this work) and 1075 (Lin et al., in press) with core GeoB1008
(Schneider, 1991): δ18O, sedimentation rates, organic carbon, and opal records. Head bars and shaded/
white columns denote SPECMAP oxygen isotope stages. MOC = marine organic carbon, TOC = total organ-
ic carbon.

0 50 100 150 200 250 300 350 400 450
0

5

10

15

20

25 Site 1075

GeoB 1008

Age (ka)

0

5

10

15

20

25 Site 1077

GeoB 1008

1

0

-1

-2

-3

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

GeoB 1008

Site 1077

0

1

2

3

4

5

GeoB 1008
MOC

Site 1075 
TOC

O
pa

l (
w

t%
)

O
rg

an
ic

 C
ar

bo
n 

(w
t%

)
S

ed
im

en
ta

tio
n 

ra
te

 (
w

t%
)

δ18
O

 (
‰

 v
s 

P
D

B
)



E. ULIANA ET AL.
SILICEOUS PHYTOPLANKTON PRODUCTIVITY FLUCTUATIONS 19
Figure F3. Age model used at Site 1077 based on δ18O data of the planktonic foraminifer Globigerinoides ru-
ber pink. 
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Figure F4. Abundances of the most abundant siliceous microfossils counted. Horizontal lines refer to the
average value of each group and are for guidance. Head bars and shaded/white columns denote SPECMAP
oxygen isotope stages.
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Figure F5. Marine signal. Accumulation rates of marine diatoms, silicoflagellates, and radiolarians, sedi-
mentation rates, the δ18O record for Site 1077, and opal for GeoB1008. Head bars and shaded/white col-
umns denote SPECMAP oxygen isotope stages.
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Figure F6. Continental signal. Relative contributions of freshwater diatoms (FD), chrysophycean cysts
(CC), and phytoliths (Ph) based on the assumption that 100% continental signal is equal to the sum of
individual percentages. PhFD index of Jansen and van Iperen (1991) vs. precessional oscillation of boreal
summer insolation (July) at 15°N (data from Berger and Loutre, 1991). Head bars and columns denote
SPECMAP oxygen isotope stages.
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Figure F8. Marine diatom accumulation rates and relative contribution of cold-temperate water taxa com-
pared to sea-surface temperature (SST) estimates from a nearby core, GeoB 1008 (from Schneider et al.,
1995), and the reconstruction of the average position of the Angola-Benguela Front (modified from Jansen
et al., 1996). Head bars and shaded/white columns denote SPECMAP oxygen isotope stages.
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Table T1. Age model used at Site 1077.

Note: Age model is based on the δ18O record of Globigerinoides
ruber (pink), based on tie points that were aligned with the
record from Site 677 (Panama Basin; Schackleton et al., 1990).

Core, section, 
interval (cm)

Depth 
(mcd)

Age 
(ka) 

175-1077B- 
1H-1, 85-88 0.85 6
1H-2, 25-28 1.75 8
1H-4, 5-8 4.55 22
2H-3, 65-68 9.25 46

175-1077A-
3H-1, 48-50 15.42 78
3H-3, 65-68 18.59 100
3H-5, 145-148 22.39 122
4H-3, 85-88 28.29 200
4H-7, 45-48 33.89 237
5H-4, 125-128 39.69 268
6H-5, 45-48 52.77 331
6H-5, 125-128 53.57 339
6H-6, 125-128 55.07 343
7H-2, 25-28 58.45 382
7H-7, 24-26 65.98 420
8H-2, 105-107 68.75 453
8H-4, 125-128 71.95 481
9H-4, 25-28 81.63 550
10H-4, 65-68 92.13 617
10H-5, 65-68 93.43 626
11H-5, 45-48 103.13 690
11H-6, 25-28 104.43 722
12H-1, 43-45 107.15 750
12H-2, 25-28 108.47 771
12H-4,  85-88 112.07 784
12H-5, 45-48 113.17 798
13H-1, 125-128 117.47 846
13H-2, 125-128 118.77 857
13H-3, 45-48 119.67 872
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Table ext two pages). 

Core, 
interv

hs 
s/g 
ent)

175-1077
1H-1, 5 8
1H-1, 4 3
1H-1, 8 8
1H-1, 1 7
1H-2, 5 7
1H-2, 4 5
1H-2, 8 5
1H-2, 1 4
1H-3, 5 3
1H-3, 4 5
1H-3, 8 2
1H-3, 1 0
1H-4, 5 1
1H-4, 4 1
1H-4, 8 1

175-1077
2H-1, 4 8
2H-1, 8 1
2H-1, 1 2
2H-2, 5 2
2H-2, 4 7
2H-2, 8 9
2H-2, 1 6
2H-3,5 7
2H-3, 4 8
2H-3, 8 2
2H-3, 1 9
2H-4, 5 0
2H-4, 4 2
2H-4, 8 3

175-1077
2H-4, 1 3
2H-4, 1 5
2H-5, 3 1
2H-5, 7 0
2H-5, 1 4
2H-6, 4 9
2H-6, 4 7
2H-6, 8 9

175-1077
3H-1, 1 8
3H-1, 1 3

175-1077
3H-1, 4 0
3H-1,  1
T2. Depth, density, sedimentation rate, and concentration of siliceous organisms, Site 1077. (Continued on n

section, 
al (cm)

Depth 
(mbsf)

Depth 
(mcd)

Age 
(ka)

Density
(g/cm3)

Sedimentation 
rate (cm/k.y.)

Marine diatoms 
(organisms/g 
dry sediment)

Silicoflagellates 
(organisms/g 
dry sediment)

Radiolarians 
(organisms/g 
dry sediment)

Freshwater diatoms 
(organisms/g 
dry sediment)

Chrysophyceans 
cysts (organisms/g 

dry sediment)

Phytolit
(organism
dry sedim

B-
-8 0.05 0.05 0.3 1.22 17.86 34,903,365 1,116,037 808,165 1,260,352 780,011 548,39
5-48 0.45 0.45 2.5 1.20 17.86 37,661,737 827,546 652,006 2,557,870 335,126 150,46
5-88 0.85 0.85 4.8 1.27 17.86 35,051,701 798,477 573,905 1,048,001 444,612 399,23
25-128 1.25 1.25 7.0 1.27 22.00 20,588,570 190,972 503,472 746,528 446,835 104,16
-8 1.65 1.65 8.8 1.29 22.00 31,448,727 417,711 504,734 1,348,858 559,944 139,23
5-48 2.05 2.05 10.6 1.25 22.00 41,625,785 531,080 969,798 958,253 222,860 253,99
5-88 2.45 2.45 12.5 1.24 22.00 35,428,195 406,108 744,531 396,439 783,921 183,71
25-128 2.85 2.85 14.3 1.26 22.00 26,930,703 731,197 885,133 375,219 557,151 327,11
-8 3.25 3.25 16.1 1.26 22.00 53,147,979 1,339,913 777,765 877,874 1,159,452 508,24
5-48 3.65 3.65 17.9 1.26 22.00 107,908,693 1,813,847 927,078 927,078 555,765 376,20
5-88 4.05 4.05 19.7 1.25 22.00 39,034,355 771,605 395,448 376,157 781,962 250,77
25-128 4.65 4.65 22.6 1.24 18.08 165,933,057 1,420,367 700,587 643,004 444,612 393,48
-8 5.05 5.05 24.8 1.07 18.08 64,529,574 1,128,472 462,963 829,475 558,544 154,32
5-48 5.45 5.45 27.0 1.27 18.08 136,197,372 1,981,928 413,703 1,481,635 891,442 105,83
5-88 5.85 5.85 29.2 1.26 18.08 81,677,466 1,398,534 607,639 906,636 893,670 135,03

A-
5-46 5.45 5.89 29.4 1.22 18.08 65,087,979 2,378,632 444,785 1,489,062 1,679,831 154,70
5-86 5.85 6.29 31.6 1.24 18.08 95,218,935 2,353,395 443,673 1,832,562 1,452,214 135,03
25-126 6.25 6.69 33.8 1.23 18.08 82,951,049 1,851,852 308,642 655,864 1,563,923 250,77
-6 6.55 6.99 35.5 1.24 18.08 92,950,172 1,566,416 765,803 7,188,109 1,903,809 156,64
5-46 6.95 7.39 37.7 1.23 18.08 86,821,280 2,083,333 798,611 729,167 781,962 416,66
5-86 7.35 7.79 39.9 1.23 18.08 55,413,251 1,232,639 156,250 86,806 670,253 138,88
25-126 7.75 8.19 42.1 1.25 18.08 64,109,208 2,320,587 658,077 1,350,790 1,114,302 346,35

-6 8.05 8.49 43.8 1.28 18.08 112,165,708 3,202,451 1,438,782 3,562,146 2,239,775 742,59
5-46 8.45 8.89 46.0 1.24 18.24 73,214,405 2,424,494 502,217 1,316,154 2,005,744 173,17
5-86 8.85 9.29 48.2 1.25 19.90 45,157,221 1,044,277 504,734 1,209,621 671,933 156,64
25-126 9.25 9.69 50.2 1.26 19.90 40,325,869 1,131,300 591,757 983,361 335,966 34,80
-6 9.55 9.99 51.7 1.27 19.90 62,469,528 1,000,585 750,439 2,097,380 891,442 192,42
5-46 9.95 10.39 53.7 1.26 19.90 77,739,039 1,273,148 655,864 4,639,275 1,005,379 327,93
5-86 10.35 10.79 55.7 1.26 19.90 70,135,953 831,554 734,862 1,121,631 671,933 212,72

B-
04-105 11.14 11.14 57.5 1.27 19.90 59,202,575 1,319,444 601,852 3,472,222 0 462,96
44-145 11.54 11.54 59.5 1.26 19.90 53,742,031 727,238 702,160 2,282,022 446,835 927,85
5-36 11.95 11.95 61.6 1.24 19.90 62,927,788 1,885,718 846,649 2,924,787 780,011 865,89
5-76 12.35 12.35 63.6 1.23 19.90 56,518,145 2,666,944 656,153 2,137,788 780,011 613,82
15-116 12.75 12.75 65.6 1.25 19.90 26,921,723 1,655,093 526,620 1,780,478 223,418 225,69
-5 13.14 13.14 67.5 1.27 19.90 35,503,891 1,253,858 551,698 1,429,398 893,670 275,84
4-45 13.54 13.54 69.6 1.25 19.90 42,334,113 1,053,241 902,778 2,156,636 1,117,088 200,61
4-85 13.94 13.94 71.6 1.26 19.90 25,294,548 1,450,848 750,439 3,727,179 780,011 425,24

C-
05-106 14.35 14.35 73.6 1.30 19.90 8,727,198 42,545 293,945 351,960 111,989 69,61
45-146 14.75 14.75 75.6 1.29 19.90 9,740,010 100,560 529,874 760,002 223,978 162,44

A-
8-50 14.98 15.42 79.0 1.24 15.85 21,492,044 279,707 356,867 887,346 335,126 77,16

85-88 15.35 15.79 81.3 1.27 15.85 51,128,420 1,729,681 752,315 2,617,027 372,363 128,60
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3H-1, 1 5
3H-2, 5 7
3H-2, 4 6
3H-2, 8 5
3H-2, 1 0
3H-3, 5 0
3H-3, 4 6
3H-3, 8 7
3H-3, 1 3
3H-4, 5 6
3H-4, 4 7
3H-4, 8 3
3H-4, 1 1
3H-5, 5 2
3H-5, 4 5
3H-5, 8 1
3H-5, 1 0
3H-6, 5 3
3H-6, 4 7
3H-6, 8 7
3H-6, 1 0
3H-7, 5 8
4H-2, 5 2
4H-2, 4 8
4H-2, 8 3
4H-2, 1 0
4H-3, 5 6
4H-3, 4 0
4H-3, 8 7
4H-3, 1 1
4H-4, 5 6
4H-4, 4 2
4H-4, 8 9
4H-4, 1 9
4H-5, 5 5
4H-5, 4 3
4H-5, 8 1
4H-5, 1 3
4H-6, 5 2
4H-6, 4 2
4H-6, 8 6
4H-6, 1 3
4H-7, 5 3
4H-7, 4 1
5H-1, 5 2
5H-1, 4 6
5H-1, 8 5
5H-1, 1 8

Core, 
interv

ths 
s/g 
ent)

Table
28-130 15.78 16.22 84.0 1.28 15.85 75,154,084 1,863,426 756,173 1,903,935 223,418 67,51
16.05 16.49 85.8 1.28 15.85 154,750,272 3,703,704 1,882,716 1,820,988 1,117,088 123,45

5-48 16.45 16.89 88.3 1.27 15.85 47,854,884 1,104,492 646,532 1,562,452 1,002,872 80,81
5-88 16.85 17.29 90.8 1.30 15.85 67,560,305 2,619,599 1,809,414 486,111 670,253 108,02
25-128 17.25 17.69 93.3 1.27 15.85 19,302,773 588,349 395,448 501,543 223,418 19,29
-8 17.55 17.99 95.2 1.33 15.85 64,900,355 2,102,623 1,388,889 1,099,537 446,835 77,16
5-48 17.95 18.39 97.7 1.29 15.52 24,875,813 309,796 484,899 619,593 111,430 94,28
5-88 18.35 18.79 100.3 1.26 15.20 71,346,166 1,242,284 1,134,259 3,294,753 0 162,03
25-128 18.75 19.19 102.9 1.28 15.20 16,306,953 526,620 661,651 1,620,370 167,563 13,50
-8 19.05 19.49 104.9 1.29 15.20 72,007,786 972,222 945,216 2,673,611 335,126 27,00
8-48? 19.48 19.92 107.8 1.26 15.20 58,612,237 774,491 700,409 1,602,860 891,442 67,34
5-88 19.85 20.29 110.2 1.27 15.20 121,921,012 555,556 1,087,963 1,516,204 670,253 92,59
25-128 20.25 20.69 112.8 1.31 15.20 37,255,130 474,537 694,444 740,741 390,981 115,74
-8 20.55 20.99 114.8 1.34 15.20 52,545,387 1,242,284 2,052,469 1,498,843 670,253 270,06
5-48 20.95 21.39 117.4 1.33 15.20 9,531,475 144,676 482,253 265,239 167,563 48,22
5-88 21.35 21.79 120.1 1.32 15.20 11,920,466 212,191 1,446,759 1,051,312 446,835 173,61
25-128 21.75 22.19 122.7 1.32 15.20 4,451,904 98,380 248,843 717,593 55,854 57,87
-8 22.05 22.49 125.2 1.34 8.55 339,506 17,361 416,667 77,160 3,858 32,79
5-48 22.45 22.89 129.8 1.34 8.55 10,128,898 92,593 590,278 99,826 279,272 219,90
5-88 22.85 23.29 134.5 1.31 8.55 27,584,620 617,284 1,302,083 149,498 502,690 376,15
25-128 23.25 23.69 139.2 1.27 8.55 23,241,407 352,045 472,608 250,772 2,178,321 38,58
-8 23.55 23.99 142.7 1.29 8.55 45,335,237 702,160 1,512,346 729,167 2,681,011 297,06
-8 23.99 24.43 147.9 1.21 8.55 85,205,503 1,282,793 1,822,917 1,323,302 893,670 445,60
3-45 25.55 25.99 166.1 1.24 8.55 35,300,406 378,086 499,614 985,725 251,345 209,29
5-88 25.93 26.37 170.5 1.26 8.55 89,187,103 987,654 1,095,679 1,990,741 726,107 462,96
25-128 26.35 26.79 175.5 1.28 8.55 10,359,698 49,190 144,676 81,019 55,854 107,06
-8 26.75 27.19 180.1 1.29 8.55 35,401,195 594,136 1,633,873 148,534 1,619,777 418,59
3-45 27.43 27.87 188.1 1.28 8.55 7,616,749 66,551 231,481 46,296 223,418 156,25
5-88 27.85 28.29 193.0 1.25 10.43 37,254,288 771,605 896,991 260,417 1,843,195 298,99
25-128 28.25 28.69 196.8 1.25 10.43 38,974,437 706,019 694,444 601,852 1,954,904 231,48
-8 28.55 28.99 199.7 1.23 10.43 62,402,680 648,148 941,358 1,041,667 1,899,049 262,34
3-45 28.93 29.37 203.4 1.25 10.43 26,261,938 391,590 580,633 479,360 5,138,604 54,01
5-88 29.35 29.79 207.4 1.26 10.43 49,787,651 1,201,775 1,120,756 1,161,265 2,681,011 256,55
25-128 29.75 30.19 211.2 1.27 10.43 37,640,484 981,427 663,310 595,625 783,921 135,36
-8 30.05 30.49 214.1 1.27 10.43 37,683,754 787,037 501,543 540,123 865,743 185,18
5-48 30.45 30.89 217.5 1.25 13.33 39,534,144 601,852 516,975 493,827 1,298,615 208,33
5-88 30.85 31.29 220.5 1.27 13.33 72,032,653 391,590 499,614 337,577 55,854 310,57
225-128 31.25 31.69 223.5 1.27 13.33 42,181,452 626,929 501,543 260,417 335,126 482,25
-8 31.55 31.99 225.8 1.25 13.33 55,154,329 711,806 486,111 625,000 1,117,088 503,47
8-50 31.98 32.42 229.0 1.25 13.33 40,387,826 482,253 925,926 1,157,407 1,117,088 289,35
5-88 32.35 32.79 231.8 1.27 13.33 33,760,246 555,556 590,278 989,583 2,345,885 399,30
25-128 32.75 33.19 234.8 1.29 13.33 41,985,507 694,444 597,994 1,292,438 1,899,049 462,96
-8 33.05 33.49 237.0 1.29 13.33 64,649,030 964,506 733,025 3,086,420 2,234,176 540,12
5-48 33.45 33.89 240.0 1.29 22.31 36,493,198 1,064,815 925,926 1,921,296 1,452,214 115,74
-8 33.55 33.99 240.4 1.27 22.31 41,670,778 270,062 1,060,957 1,369,599 1,228,797 347,22
5-48 33.95 34.39 242.2 1.29 22.31 27,567,452 270,062 756,173 938,465 1,452,214 243,05
5-88 34.35 34.79 244.0 1.23 22.31 29,882,733 200,617 570,988 1,257,716 1,228,797 185,18
25-128 34.75 35.19 245.8 1.28 22.31 36,772,636 416,667 833,333 486,111 1,172,942 277,77
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5H-2, 5 ,214 443,673
5H-2, 4 ,758 208,333
5H-2, 8 ,670 347,222
5H-2, 1 ,233 231,481
5H-3, 5 ,809 348,092
5H-3, 4 ,809 96,692
5H-3, 8 ,972 555,556
5H-3, 1 ,593 192,901
5H-4, 5 ,846 354,938
5H-4, 4 ,835 154,321
5H-4, 8 ,214 262,346
5H-4, 1 ,758 493,827
5H-5, 5 ,049 478,395
5H-5, 4 ,835 135,031
5H-5, 8 ,962 277,778
5H-5, 1 ,341 366,512
5H-6, 5 ,049 185,185
5H-6, 4 ,505 189,043
5H-6, 8 ,505 138,889
5H-6, 1 ,429 162,037
5H-7, 5 ,176 432,099
5H-7, 4 ,720 275,849
6H-1, 5 ,820 232,062
6H-1, 1 ,885 162,037
6H-2, 8 ,023 323,266
6H-3, 6 ,962 54,012
6H-4, 2 ,808 46,296
6H-5, 5 ,632 54,012
6H-5, 1 ,604 738,894
6H-6, 8 ,593 1,131,431
6H-7, 6 ,933 1,245,397
7H-1, 1 ,593 431,021
7H-2, 1 ,876 208,855
7H-4, 4 ,910 189,517
7H-5, 5 ,632 162,037
7H-5, 1 ,888 81,222
7H-6, 1 ,663 812,216
8H-1, 2 ,505 277,778
8H-1, 1 ,831 460,256
8H-2, 1 ,753 580,154
8H-3, 8 ,302 270,062

Core, s
interva

hyceans 
anisms/g 
iment)

Phytoliths 
(organisms/g 
dry sediment)

Table 
-8 35.05 35.49 247.2 1.28 22.31 44,899,106 366,512 1,060,957 2,189,429 1,452
5-48 35.45 35.89 249.0 1.18 22.31 76,391,166 324,074 763,889 486,111 2,010
5-88 35.85 36.29 250.8 1.27 22.31 15,808,770 135,031 434,028 115,741 893
25-128 36.25 36.69 252.6 1.16 22.31 32,994,697 127,315 520,833 81,019 1,061
-8 36.55 36.99 253.9 1.28 22.31 32,940,230 193,385 541,477 541,477 1,903
3-45 36.93 37.37 255.6 1.15 22.31 41,309,666 193,385 367,431 212,723 1,903
5-88 37.35 37.79 257.5 1.26 22.31 86,906,876 347,222 833,333 1,064,815 3,462
25-128 37.75 38.19 259.3 1.16 22.31 65,268,212 96,451 462,963 308,642 2,457
-8 38.05 38.49 260.6 1.28 22.31 71,760,777 277,778 771,605 1,087,963 3,127
5-48 38.45 38.89 262.4 1.21 22.31 47,565,531 135,031 405,093 607,639 446
5-88 38.85 39.29 264.2 1.29 22.31 58,759,661 632,716 324,074 455,247 1,452
25-128 39.25 39.69 266.0 1.26 20.12 51,809,667 1,280,864 493,827 2,291,667 2,010
-8 39.55 39.99 267.5 1.24 20.12 104,774,511 1,574,074 679,012 2,376,543 1,899
3-45 39.93 40.37 269.4 1.24 20.12 84,768,266 729,167 270,062 877,701 446
5-88 40.35 40.79 271.5 1.22 20.12 55,370,868 462,963 254,630 439,815 781
25-128 40.75 41.19 273.5 1.25 20.12 63,617,246 462,963 231,481 270,062 1,787
-8 41.05 41.49 274.9 1.29 20.12 50,852,639 439,815 462,963 439,815 1,899
5-48 41.45 41.89 276.9 1.23 20.12 101,724,822 810,185 729,167 1,620,370 1,340
5-88 41.85 42.29 278.9 1.19 20.12 52,293,422 740,741 578,704 439,815 1,340
25-128 42.25 42.69 280.9 1.20 20.12 84,979,508 810,185 567,130 945,216 2,904
-8 42.55 42.99 282.4 0.99 20.12 77,033,464 837,191 432,099 1,336,806 2,234
5-48 42.95 43.39 284.4 1.24 20.12 99,262,200 1,053,241 526,620 326,003 2,792
-8 43.05 46.37 299.20 1.26 20.12 108,437,140 406,108 966,923 1,218,324 1,791
25-128 44.25 47.57 305.16 1.30 20.12 111,214,234 648,148 787,037 1,782,407 2,345
5-88 45.35 48.67 310.63 1.26 20.12 74,939,153 350,205 431,021 457,960 1,560
5-68 46.65 49.97 317.09 1.28 20.12 99,733,670 270,062 189,043 769,676 781
5-28 47.75 51.07 322.55 1.30 20.76 44,134,648 208,333 393,519 717,593 3,909
-8 49.05 52.37 329.01 1.33 20.76 54,889,272 243,056 675,154 1,728,395 1,675
25-1228 50.25 53.57 336.31 1.29 11.14 37,627,783 831,255 669,622 854,346 2,228
5-88 51.35 54.67 343.61 1.26 11.14 80,145,136 619,593 646,532 1,804,901 1,448
5-68 52.65 55.97 352.23 1.25 11.14 81,793,547 1,624,431 487,329 5,766,732 671
25-128 53.75 57.95 365.37 1.29 11.14 89,725,611 1,858,779 862,042 7,839,198 1,448
05-108 55.05 59.25 373.99 1.30 19.82 55,988,817 371,299 208,855 1,578,019 1,231
5-48 57.49 61.69 390.18 1.23 19.82 15,034,630 324,886 812,216 920,511 895
-8 58.59 62.79 397.48 1.35 19.82 75,278,015 270,062 810,185 1,107,253 1,675
25-128 59.79 63.99 405.44 1.31 19.82 43,933,944 189,517 433,182 297,812 1,119
05-108 61.09 65.29 414.06 1.22 19.82 65,919,295 348,092 626,566 417,711 3,359
5-28 62.26 66.46 422.27 1.20 8.72 86,344,964 1,574,074 393,519 1,203,704 1,340
45-148 63.46 67.66 431.04 1.22 8.72 80,856,979 974,659 406,108 893,437 1,679
05-108 64.55 68.75 439.00 1.28 11.43 95,161,439 1,276,339 649,773 928,247 2,463
5-88 65.85 70.05 456.06 1.29 11.43 112,497,755 594,136 378,086 783,179 2,569
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Table 7.

Notes: D Equatorial Countercurrent, BCC = Benguela Coastal
Curr

Freshwat
Aulacos

Marine 
Nearsh

Low s
Cyc

High 
Cha
Tha

Nerit
Act
Act
Cos
Rhi
Ske
Tha
Tha

Littor
Act
Act

Offshor
Warm

Alve
Ast
Azp
Nit
Plan
Pse
Rhi
Tha
Tha
Tha
Tha
Tha

Ocea f the ABF
Bac
Fra
Tha
T3. Species compositon and related environmental preferences of the seven diatom groups, Site 107

ata are based on observations of van Iperen et al. (1987), Pokras and Molfino (1986), and Romero et al., (1999a). SECC = South 
ent, ABF = Angola Benguela Front.

Diatom group 

Species 
composition 
(average %) Environmental conditions

er 2.7 Related to the Congo River discharge
eira spp. 64.0

97.3
ore 
alinity 18.8 Related to the Congo River plume
lotella litoralis
nutrients 64.0
etoceros spp 24.2 Highly productive waters where river-induced upwelling is inferred
lassionema nitzschioides var. nitzschioides 39.8 Highly productive nearshore waters to the north of the river plume nearshore
ic 11.0  
inocyclus aff. curvatulus
inocyclus octonarius
cinodiscus radiatus 
zosolenia setigera/pungens
letonema costatum
lassiosira angulata
lassiosira eccentrica
al 0.7 Transported from the shelf 
inoptychus senarius
inoptychus vulgaris

e 
1.7 Related to the warm, high saline waters of the SECC with low nutrient levels

us marinus
eromphalus flabellatus 
eitia nodulifera

zschia interruptestriata
ktoniella sol

udosolenia calcar-avis 
zosolenia bergonii
lassionema nitzschioides var. parva
lassionema nitzschioides var. inflatula
lassiosira ferelineata
lassiosira lineata
lassiosira simonsenii
nic temperate 3.2 Related to cold, nutrient-rich waters of the BCC, probably reflecting northward movement o
teriastrum elongongatum/furcatum
gilariopsis doliolus
lassiosira oestrupii var. oestrupii
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Table T4. Concentrations of marine diatom groups, Site 1077. (See table note. Contin-
ued on next two pages).

High nutrients

Core, section, 
interval 

Age 
(ka)

Neritic 
(valves/g dry 

sediment)

Littoral 
(valves/g dry 

sediment)

Warm 
(valves/g dry 

sediment)

Oceanic 
temperate 

(valves/g dry 
sediment)

Chaetoceros 
spp. RS 

(valves/g dry 
sediment)

T. nitzschiolides 
(valves/g dry 

sediment)

Low salinity 
(valves/g dry 

sediment)

175-1077B-
1H-1, 5-8 0.3 4,098,550 360,788 1,664,435 67,347 10,551,842 8,858,702 8,580,126
1H-1, 45-48 2.5 3,999,807 401,235 1,128,472 463,927 12,103,303 12,399,676 6,814,236
1H-1, 85-88 4.8 3,081,621 174,667 873,334 212,095 10,734,204 14,672,199 4,779,580
1H-1, 125-128 7.0 2,213,542 225,694 529,514 243,056 9,048,412 5,808,857 2,345,885
1H-2, 5-8 8.8 3,863,826 417,711 730,994 382,902 14,533,573 8,287,168 3,023,697
1H-2, 45-48 10.6 7,123,395 923,617 1,246,883 554,170 16,184,493 8,580,126 6,574,383
1H-2, 85-88 12.5 3,693,648 522,139 870,231 183,715 8,101,868 21,165,876 503,949
1H-2, 125-128 14.3 3,502,047 336,735 894,754 384,840 6,488,227 11,310,167 3,677,197
1H-3, 5-8 16.1 2,233,188 177,115 1,047,288 577,549 6,807,878 31,216,029 10,881,016
1H-3, 45-48 17.9 5,871,491 376,205 1,679,488 403,077 12,452,789 37,680,875 48,907,330
1H-3, 85-88 19.7 2,989,969 289,352 607,639 154,321 8,354,126 11,729,423 14,745,560
1H-3, 125-128 22.6 2,888,720 326,301 690,989 652,601 54,625,143 77,029,045 29,566,704
1H-4, 5-8 24.8 2,353,395 192,901 569,059 192,901 9,655,181 30,384,791 20,554,417
1H-4, 45-48 27.0 9,467,310 202,041 952,480 481,050 5,977,170 75,326,824 43,569,213
1H-4, 85-88 29.2 3,337,191 163,966 540,123 327,932 24,670,091 33,400,928 19,102,203

175-1077A-
2H-1, 45-46 29.4 8,721,650 415,777 937,916 1,286,008 11,019,361 14,054,589 28,053,185
2H-1, 85-86 31.6 10,146,605 231,481 790,895 1,813,272 10,836,622 19,102,203 51,777,024
2H-1, 125-126 33.8 11,612,654 250,772 713,735 6,587,577 10,691,235 12,399,676 40,271,018
2H-2, 5-6 35.5 4,542,607 409,009 1,018,170 11,330,409 24,962,937 9,183,078 41,155,870
2H-2, 45-46 37.7 4,652,778 381,944 963,542 9,192,708 17,391,137 17,147,299 36,640,483
2H-2, 85-86 39.9 2,595,486 121,528 642,361 3,203,125 18,642,560 6,702,527 23,123,719
2H-2, 125-126 42.1 5,204,004 380,992 1,030,410 4,589,221 15,708,679 9,192,993 27,188,972
2H-3, 5-6 43.8 21,976,237 1,403,973 2,889,167 7,135,895 38,903,516 11,422,854 28,109,179
2H-3, 45-46 46.0 4,268,842 519,534 961,139 4,286,160 28,959,080 14,541,643 19,054,566
2H-3, 85-86 48.2 3,689,780 313,283 461,223 1,705,653 19,311,285 10,862,910 8,343,163
2H-3, 125-126 50.2 4,281,537 313,283 713,590 1,801,378 16,934,555 8,399,157 7,447,253
2H-4, 5-6 51.7 5,330,039 317,493 1,250,731 2,366,768 33,203,917 9,638,713 9,861,574
2H-4, 45-46 53.7 3,886,960 250,772 694,444 2,266,590 35,566,877 17,929,261 16,700,464
2H-4, 85-86 55.7 6,052,941 290,077 1,005,600 1,624,431 36,235,299 11,142,882 13,494,646

175-1077B-
2H-4, 104-105 57.5 2,592,593 162,037 1,053,241 3,750,000 23,663,147 8,322,305 19,381,475
2H-4, 144-145 59.5 4,977,816 225,694 1,128,472 4,689,429 24,407,224 17,314,862 446,835
2H-5, 35-36 61.6 6,705,843 240,525 1,260,352 5,762,985 24,258,192 23,957,496 222,860
2H-5, 75-76 63.6 7,990,248 275,161 1,471,052 7,535,174 20,549,861 17,048,823 780,011
2H-5, 115-116 65.6 4,024,884 125,386 802,469 1,592,400 11,086,524 8,043,033 670,253
2H-6, 4-5 67.5 5,918,210 476,466 727,238 1,956,019 14,016,030 11,338,442 670,253
2H-6, 44-45 69.6 3,347,801 451,389 1,103,395 1,918,403 17,841,483 15,862,648 1,508,069
2H-6, 84-85 71.6 5,228,056 175,102 1,175,687 1,225,717 8,607,412 8,134,406 222,860

175-1077C-
3H-1, 105-106 73.6 825,753 11,603 133,435 114,097 3,247,674 3,247,674 1,119,888
3H-1, 145-146 75.6 1,349,825 11,603 175,980 212,723 2,127,786 4,927,505 895,910

175-1077A-
3H-1, 48-50 79.0 2,970,679 135,031 723,380 501,543 5,156,313 5,585,439 6,255,692
3H-1, 85-88 81.3 2,977,109 122,171 752,315 1,118,827 8,999,949 12,213,494 24,873,824
3H-1, 128-130 84.0 8,574,460 283,565 1,026,235 850,694 21,324,093 14,968,978 27,815,488
3H-2, 5-8 85.8 11,913,580 740,741 1,944,444 2,314,815 24,170,114 16,532,901 96,516,393
3H-2, 45-48 88.3 4,835,519 188,572 727,348 1,212,247 15,310,007 5,682,941 19,723,148
3H-2, 85-88 90.8 8,344,907 351,080 999,228 2,349,537 30,723,569 7,372,780 17,203,153
3H-2, 125-128 93.3 2,459,491 48,225 453,318 559,414 8,361,320 4,356,643 3,016,137
3H-3, 5-8 95.2 8,198,302 424,383 983,796 2,121,914 23,137,554 11,170,879 18,767,077
3H-3, 45-48 97.7 3,084,496 67,347 552,246 956,328 9,143,397 5,237,220 5,794,371
3H-3, 85-88 100.3 7,048,611 702,160 1,215,278 2,214,506 14,453,394 9,830,373 35,746,812
3H-3, 125-128 102.9 3,969,907 297,068 742,670 675,154 2,775,533 2,345,885 5,473,731
3H-4, 5-8 104.9 10,964,506 607,639 1,350,309 1,485,340 11,525,643 5,920,566 39,991,746
3H-4, 48-48? 107.8 3,044,087 87,551 747,552 255,919 13,004,884 9,638,713 31,813,326
3H-4, 85-88 110.2 5,115,741 254,630 1,585,648 219,907 12,993,463 5,138,604 96,404,685
3H-4, 125-128 112.8 3,043,981 104,167 746,528 405,093 11,091,129 2,681,011 19,102,203
3H-5, 5-8 114.8 4,712,577 216,049 1,309,799 756,173 15,075,160 14,633,851 15,639,230
3H-5, 45-48 117.4 1,572,145 72,338 260,417 289,352 3,063,355 2,262,103 1,982,831
3H-5, 85-88 120.1 916,281 19,290 260,417 202,546 3,798,099 3,016,137 3,630,536
3H-5, 125-128 122.7 280,671 23,148 124,421 52,083 1,982,831 1,368,433 530,617
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3H-6, 5-8 125.2 20,255 3,858 12,539 7,716 42,438 81,983 170,718
3H-6, 45-48 129.8 711,806 66,551 206,887 214,120 2,234,176 6,660,637 0
3H-6, 85-88 134.5 2,165,316 86,806 477,431 327,932 14,968,978 8,797,067 558,544
3H-6, 125-128 139.2 2,850,116 127,797 419,560 274,884 7,344,566 11,952,840 223,418
3H-7, 5-8 142.7 7,413,194 229,552 648,148 553,627 16,248,103 19,995,873 111,709
4H-2, 5-8 147.9 2,822,145 357,832 789,931 1,228,781 14,618,506 58,926,386 6,367,401
4H-2, 43-45 166.1 1,110,629 121,528 324,074 793,306 6,212,880 25,441,677 1,228,797
4H-2, 85-88 170.5 2,546,296 694,444 879,630 2,530,864 3,915,682 56,357,084 22,062,486
4H-2, 125-128 175.5 791,377 31,829 173,611 580,150 592,258 5,697,148 2,429,666
4H-3, 5-8 180.1 2,018,711 337,577 708,912 958,719 5,004,182 22,453,467 3,798,099
4H-3, 43-45 188.1 339,988 69,444 120,081 257,523 1,843,195 4,719,696 223,418
4H-3, 85-88 193.0 3,428,819 366,512 390,625 602,816 6,868,509 24,073,244 1,340,505
4H-3, 125-128 196.8 4,346,065 370,370 995,370 1,018,519 10,154,447 20,610,272 1,340,505
4H-4, 5-8 199.7 3,973,765 462,963 1,003,086 1,103,395 28,632,694 25,581,313 1,228,797
4H-4, 43-45 203.4 2,849,151 587,384 573,881 749,421 6,255,692 14,075,307 1,117,088
4H-4, 85-88 207.4 4,104,938 553,627 958,719 1,633,873 9,813,186 32,172,131 335,126
4H-4, 125-128 211.2 1,637,968 263,970 609,162 967,890 17,078,286 17,022,292 0
4H-5, 5-8 214.1 3,086,420 432,099 520,833 1,481,481 10,152,258 20,275,145 1,619,777
4H-5, 45-48 217.5 2,982,253 459,105 462,963 1,331,019 9,179,585 10,668,189 14,354,579
4H-5, 85-88 220.5 3,672,840 270,062 904,707 8,898,534 2,177,400 9,104,266 46,694,274
4H-5, 1225-128 223.5 2,734,375 376,157 1,147,762 9,823,495 951,541 5,082,750 21,448,087
4H-6, 5-8 225.8 5,434,028 520,833 1,979,167 11,319,444 6,662,540 9,606,956 18,711,222
4H-6, 48-50 229.0 14,795,525 607,639 1,485,340 1,938,657 7,511,843 12,399,676 1,340,505
4H-6, 85-88 231.8 4,192,708 538,194 902,778 1,284,722 6,593,095 19,381,475 502,690
4H-6, 125-128 234.8 8,622,685 694,444 1,263,503 1,755,401 10,077,113 18,543,659 893,670
4H-7, 5-8 237.0 10,204,475 771,605 1,977,238 1,861,497 12,669,737 36,417,065 670,253
4H-7, 45-48 240.0 9,409,722 451,389 706,019 983,796 7,195,659 15,862,648 1,675,632
5H-1, 5-8 240.4 6,008,873 279,707 569,059 1,215,278 6,814,236 16,086,066 10,388,917
5H-1, 45-48 242.2 3,564,815 364,583 452,353 560,378 4,718,775 14,522,143 3,127,846
5H-1, 85-88 244.0 3,888,889 270,062 578,704 347,222 5,392,886 14,745,560 4,412,497
5H-1, 125-128 245.8 3,883,102 277,778 520,833 549,769 7,602,246 16,086,066 7,540,343
5H-2, 5-8 247.2 5,970,293 289,352 752,315 1,138,117 5,458,472 16,197,774 14,745,560
5H-2, 45-48 249.0 5,983,796 266,204 729,167 682,870 9,060,508 36,975,609 22,230,049
5H-2, 85-88 250.8 2,121,914 96,451 236,304 260,417 2,900,831 8,210,596 1,731,486
5H-2, 125-128 252.6 4,641,204 347,222 248,843 468,750 2,492,316 17,538,280 6,702,527
5H-3, 5-8 253.9 6,903,834 212,723 415,777 502,800 6,105,408 13,662,629 4,479,550
5H-3, 43-45 255.6 7,590,349 125,700 464,123 454,454 5,487,449 23,517,640 2,799,719
5H-3, 85-88 257.5 5,462,963 277,778 636,574 1,354,167 9,117,856 51,274,334 18,320,241
5H-3, 125-128 259.3 3,269,676 221,836 318,287 356,867 8,829,026 44,571,807 7,372,780
5H-4, 5-8 260.6 6,226,852 246,914 378,086 671,296 7,746,835 48,034,779 7,931,324
5H-4, 45-48 262.4 2,826,003 115,741 356,867 424,383 4,580,060 34,685,579 4,133,225
5H-4, 85-88 264.2 1,728,395 61,728 331,790 648,148 6,590,819 42,225,922 6,925,945
5H-4, 125-128 266.0 1,666,667 246,914 841,049 1,782,407 4,753,498 39,656,620 2,569,302
5H-5, 5-8 267.5 3,657,407 246,914 632,716 2,060,185 4,607,240 90,037,284 3,239,555
5H-5, 43-45 269.4 21,132,330 189,043 378,086 850,694 2,399,897 56,301,230 3,462,972
5H-5, 85-88 271.5 7,997,685 462,963 428,241 520,833 3,992,842 35,523,395 6,143,983
5H-5, 125-128 273.5 7,320,602 212,191 376,157 626,929 5,716,438 33,624,345 14,968,978
5H-6, 5-8 274.9 7,141,204 231,481 335,648 682,870 4,225,818 28,709,159 9,271,829
5H-6, 45-48 276.9 8,912,037 108,025 580,633 891,204 12,453,688 57,753,444 20,107,582
5H-6, 85-88 278.9 9,120,370 277,778 451,389 844,907 6,641,147 26,698,401 7,819,615
5H-6, 125-128 280.9 12,287,809 378,086 378,086 1,188,272 9,633,962 42,337,631 18,208,533
5H-7,  5-8 282.4 11,329,090 445,602 621,142 985,725 13,959,914 30,943,334 18,208,533
5H-7, 45-48 284.4 11,460,262 200,617 589,313 752,315 11,594,914 42,896,175 31,166,752
6H-1, 5-8 299.20 9,350,150 541,477 928,247 406,108 16,358,443 60,921,886 19,486,044
6H-1, 125-128 305.16 24,803,241 717,593 729,167 1,412,037 7,604,262 57,753,444 17,314,862
6H-2, 85-88 310.63 6,977,156 552,246 660,001 0 7,208,675 38,443,424 20,558,874
6H-3, 65-68 317.09 11,072,531 648,148 904,707 1,242,284 11,059,170 48,816,741 25,693,021
6H-4, 25-28 322.55 7,025,463 439,815 590,278 1,550,926 19,437,329 13,516,763 1,273,148
6H-5, 5-8 329.01 17,500,000 297,068 1,147,762 378,086 12,677,105 21,671,505 893,670
6H-5, 125-1228 336.31 6,430,683 150,088 1,477,787 785,074 10,766,572 17,605,974 111,430
6H-6, 85-88 343.61 5,805,317 323,266 1,198,778 2,101,228 22,393,798 48,026,422 0
6H-7, 65-68 352.23 3,668,508 216,591 988,196 1,813,948 19,316,215 55,546,425 0
7H-1, 125-128 365.37 11,193,082 646,532 1,980,004 1,050,614 16,707,182 56,606,548 1,002,872
7H-2, 105-108 373.99 7,031,468 440,917 719,391 162,443 18,300,580 27,885,201 1,007,899
7H-4, 45-48 390.18 8,257,527 568,551 1,299,545 1,597,358 1,903,809 0 270,739
7H-5, 5-8 397.48 11,315,586 324,074 1,890,432 1,917,438 29,453,062 26,698,401 3,462,972

High nutrients

Core, section, 
interval 

Age 
(ka)

Neritic 
(valves/g dry 

sediment)

Littoral 
(valves/g dry 

sediment)

Warm 
(valves/g dry 

sediment)

Oceanic 
temperate 

(valves/g dry 
sediment)

Chaetoceros 
spp. RS 

(valves/g dry 
sediment)

T. nitzschiolides 
(valves/g dry 

sediment)

Low salinity 
(valves/g dry 

sediment)
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7H-5, 125-128 405.44 5,116,959 446,719 920,511 1,597,358 15,477,829 20,157,977 0
7H-6, 105-108 414.06 2,332,219 92,825 545,345 2,065,349 25,421,449 34,940,493 335,966
8H-1, 25-28 422.27 6,979,167 312,500 543,981 2,337,963 22,073,087 53,843,636 185,185
8H-1, 145-148 431.04 5,834,416 433,182 744,531 2,274,204 21,869,796 49,051,077 514,403
8H-2, 105-108 439.00 10,674,835 278,474 777,406 1,786,875 31,067,299 50,506,931 0
8H-3,  85-88 456.06 4,064,429 189,043 540,123 22,604,167 23,224,376 61,551,543 0

High nutrients

Core, section, 
interval 

Age 
(ka)

Neritic 
(valves/g dry 

sediment)

Littoral 
(valves/g dry 

sediment)

Warm 
(valves/g dry 

sediment)

Oceanic 
temperate 

(valves/g dry 
sediment)

Chaetoceros 
spp. RS 

(valves/g dry 
sediment)

T. nitzschiolides 
(valves/g dry 

sediment)

Low salinity 
(valves/g dry 

sediment)

Table T4 (continued). 
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