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SUMMARY

Samples from the top-layer of some selected trip-cores from 

the Zaire estuary and fan were analysed for their clay mineral 

composition. The main feature to be distinguished is a pro­

nounced seaward decrease in the relative percentage of kao­

linite and a simultaneous increase in smectite.

RÉSUMÉ

Des échantillons de la couche supérieure de quelques carottes 

courtes de l'estuaire et "fan" du Zaire ont été analysés pour 

leur composition en minéraux argileux. La caractéristique do­

minante, lorsqu'on s'éloigne de la côte, est le décroissement 

prononcé du pourcentage relatif en kaolinite et, simultanément 

1'acroissement en smectite.

* Present address: Instituut voor Aardwetenschappen, afdeling Geochemie, 
Budapestlaan 4, 3584 CD Utrecht.
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1. INTRODUCTION

In order to examine the clay mineral composition of recent 

sediments from the Zaire estuary and fan (Figs 1 and 2) samples 

were taken from the top 4 cm of some selected trip-cores (Table 

I) collected during the May 1978 cruise (JANSEN et al., 1983).

Fig. 1. Location of samples in the Zaire estuary and fan.

Analyses of the clay mineral composition were performed 

on the < 2 um fraction with a Philips X-ray diffractometer, 

using Co K11.2 radiation wavelength 1.7902 X.

After separation of the < 2 pm fraction by centrifugation 

and subsequent coagulation as a Ca-clay no other pre-treat- 

ments, such as decalcification (DE LANGE, 1976) or iron extrac­

tion (MEHRA & JACKSON, 1960; HOLMGREN, 1967; DE LANGE, 1976), 

were applied to these samples. Removal of the organic material 

using the bromine method (VAN LANGEVELD, 1977; VAN LANGEVELD 

et al., 1978) did not improve the diffraction pattern and this
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Fig. 2. South Atlantic Ocean; currents after GIRESSE (1978); AABW = 
Antarctic Bottom Water, B = Bergwinds (after BORNHOLD, 1973).

method was therefore only used in the test series on different 

grain sizes from one sample (Table II).

Powdered, oriented and non-oriented samples were subjected
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Table I
Percentage of particles smaller than 2 um, and the approximate water-

depth, of the samples.

Sample number % < 2 um Waterdepth (m)

38
40
41
45
27
49
18 
K

85 1455
92 5450
83 4770
83 4790
56 4060
78 4330
73 -
26 *

*
Bank of the river Zaire at Kinshasa 

to X-ray analysis, under 50% relative humidity or low pressure 

conde cions (Figs 3 and 4) and were X-rayed again after glycol- 

ation. 'The main feature that could be distinguished was similar 

for all the different techniques and treatments. Therefore the 

presented results will only contain the numbers obtained from 

the X-ray diffraction patterns using the rotating specimen (0 

2 cm, d = 0.5 mm) with powdered, non-oriented samples (Fig. 5) 

and from X-ray analysis under 50% relative humidity with 

oriented samples (Fig. 6).

Determination of the relative percentages was achieved by 

comparing the peak-heights of smectite (17° as 20), illite (10

Table II
The relative percentage of clay minerals in some fractions of sample 40. 
Sample 1, 3 and 5 are treated with a bromium-solution (LANGEVELD, VAN 
DER GAAST & EISMA, 1978), samples 2, 4 and 6 are untreated. (M=smectite; 

I=illite; K=kaolinite).

(50% RH, oriented samples)

Sample 
number

Relative percentages of Particle 
fractionM I K

40-1 45 12 43 < 2 pm
40-2 42 14 44 < 2 pm
40-3 33 8 59 < 1 pm
40-4 39 11 50 < 1 pm
40-5 46 7 54 < 0.5 pm
40-6 40 7 52 < 0.5 pm
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Fig. 3. X-ray diffraction patterns of oriented samples, measured in a 
50% relative humidity atmosphere.
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Fig. 4 X-ray diffraction patterns of oriented samples at lower pressure 
(ca 5 mm Hg).



Fig. 5. The relation between the clay mineral composition and the dis­
tance from the coast. The relative clay mineral percentages were calcu­
lated from the X-ray diffraction patterns with the rotating specimen and 
powdered, non-oriented samples, and an atmosphere of 50% relative 

humidity.

as 20) and kaolinite (14° as 20). The sum of the three clay 

minerals was taken as 100%. No corrections were made for the 

individual clay minerals, as done by others; the resulting 

relative percentages are nevertheless comparable for this 

region (GOLDBERG & GRIFFIN, 1964; BISCAYE, 1965; GRIFFIN et 

al., 1968; RATEEV et al., 1969; ROBERT, 1980). Chlorite could 

not be detected at 29.6° (20) at 1/4° min, with oriented un­

treated samples.
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Fig. 6. The relation between the clay mineral composition and the dis­
tance from the coast. The relative clay mineral percentages were calcu­
lated from the X-ray diffraction patterns of oriented samples, with an 

atmospere of 50% relative humidity.

2. RESULTS AND DISCUSSION

In the relative clay mineral composition there is a pronounced 

decrease in the percentage of kaolinite with increasing dis­

tance from the coast (Figs 5 and 6) and a simultaneous in- 
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crease in smectite. This phenomenon has already been observed 

by some investigators in other regions (POSTMA et al., 1954; 

WHITEHOUSE et al., 1960; BISCAYE, 1965; PORRENGA, 1967;

CHAMLEY, 1979; GIBBS, 1967). This has been attributed to pro­

cesses such as:

1) differential settling tendencies (POSTMA et al., 1954; 

WHITEHOUSE et al., 1960),

2) decreasing terrestrial influence (BISCAYE, 1965),

3) increasing "other source" material (CHAMLEY, 1967, 1971; 

HOFFERT, 1980).

It seems evident that the river Zaire, or more generally the 

African continent is the source of kaolinite (BORNHOLD, 1973;

EISMA et al., 1978) although authigenese or hydrothermal for­

mation of kaolinite has been reported for some regions (ZEN, 

1959; MULLER, 1961; SHAW, 1980; SHIEH & SUTER, 1979).

The occurrence of high relative percentages of kaolinite 

seems to be restricted mainly to the continental margin, due 

to the large settling velocity of this mineral (WHITEHOUSE et 

al., 1960; PORRENGA, 1967). The relationship to the continents 

is clearly shown by a comparison of ocean sediments (GOLDBERG 

& GRIFFIN, 1964; BISCAYE, 1965; GRIFFIN et al , 1968; RATEEV 

et al., 1969) and by the resemblance between the zonation of 

soils and climates on the continents and the ocean sediments 

(PÉDRO, 1968) .

An indication for the authigenic formation of smectite in 

the sediments of the South Atlantic Ocean is the relative per­

centage of smectite in aeolian dust and surface ocean water. 

In the North Atlantic Ocean the concentrations of smectite in 

the aeolian dust/surface ocean water and the sediments show a 

good correlation. As the relative percentage of smectite in 

the sediments of the South Atlantic Ocean has doubled in com­
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parison to the concentration in the aeolian dust/surface water, 

BEHAIRY et al. (1975) conclude that half of the smectite in 

the sediments of the South Atlantic Ocean must be authigenic.

Besides a terrestrial origin smectite can have various other 

sources, as mentioned by many authors:

Volcanic/hydrothermal origin.—High percentages of smectite in 

the sediment have been reported near areas with hydrothermal 

activity (HÉKINIAN & FEVRIER, 1979; KASTNER, 1981 and refs 

herein). Formation by alteration of volcanic material has been 

widely reported from many areas (KENNETH, 1981 and refs herein):

Pacific Ocean (PETERSON et al., 1964; KASTNER, 1976, 1981; KUR­

NOSOV et al., 1980); Mediterranean (GRIM & VERNET, 1961; CHAM-

LEY, 1967, 1971); Atlantic Ocean (ROBERT et al., 1979; ROBERT, 

1980).

Possible volcanic areas that could contribute to our 

samples are the Cameroon Ridge, Mid Atlantic Ridge and Walvis 

Ridge. The Scotia Ridge being a source of smectite for the 

Argentine Basin (ZIMMERMAN, 1977) seems too far away to make 

any significant contribution to the Zaire region. Favourable 

currents do exist for the other ridges, like the Equatorial 

Counter Current and the Benguela Current; the influence of 

these currents on the Zaire region are dependant on amongst 

other things the presence of "glacials" and "non-glacials"

(GIRESSE, 1978), the Equatorial Counter Current descending 

more to the south in interglacials, and the Benguela Current 

going far up north in glacials. As the warmer periods coincide 

with relatively larger concentrations of smectite in the 

sediment (GIRESSE, 1978; VAN DER GAAST (pers, comm.) one is 
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tempted to look for the possible volcanic origin of smectite 

at the Cameroon Ridge. A present day southward flowing bottom 

current has also been mentioned by SHANNON (1970) in the east­

ern Angola Basin and postulated by SIESSER (1973, 1980) for the 

Miocene period.

Authigenese of smectite on silica.—It has been reported that 

smectite can form not only on volcanic material but also on 

diatom-frustules (CHAMLEY & MILLOT, 1972; VAN BENNEKOM & VAN 

DER GAAST, 1976; HOFFERT et al., 1980). This way of formation 

of smectite could mean that there is a significant source of 

smectite in the oceans, since diatom-frustules are known to 

be present on a large scale in oceanic sediments. Unfortunately 

the frequency of occurrence and the velocity of formation are 

not yet known. Therefore the importance of this way of forma­

tion of smectite cannot be estimated quantitatively. However, 

since no striking differences have been observed between the 

clay mineral composition of silicious oozes and calcareous 

oozes, this formation method does not seem to be of major 

importance, unless other parameters are necessary as well. 

Newly formed smectite is generally highly ferrous and alumi­

nous (PORRENGA, 1967; GIRESSE, 1975). The river Zaire is rather 

rich in "dissolved" (partly colloidal) iron (FIGUERES et al., 

1978) a fact that might promote the new formation of smectite 

in this region. In some of the cases where there is evidence 

for authigenese of smectite, there is also volcanic material 

at hand (CHAMLEY & MILLOT, 1972). CHAMLEY suggests that vol­

canic material is needed for the formation of smectite from 

the dissolution of diatoms.

Aeolian transport.-- It is known that material from the Sahara 
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is transported by wind to the ocean over many of the countries 

along the west coast of Africa, from Sierra Leone to Nigeria 

(BISCAYE, 1965; McMASTER et al., 1977). Dust collected in the 

northern part of the South Atlantic Ocean contains a consider­

able amount of smectite (CHESTER et al., 1972, 1974). Aeolian 

input from the southern part of Africa seems to be of no im­

portance since no terrestrial material was found on the Walvis 

Ridge (ZIMMERMAN, 1977). Others claim it to be of importance 

(BORNHOLD, 1973; CHESTER et al., 1972) especially for smectite 

and illite. Since no detailed dust collection has been made, 

especially during the Bergwinds, no approximation can be made 

of the importance of this possible source. In view of the 

relative concentrations of smectite and illite in the sediments 

in the eastern part of the South Atlantic Ocean, it seems 

reasonable to assume only there is only a very small influx 

into the Zaire region.

Bottom currents.—An input of material into the Angola Basin 

could perhaps occur via bottom currents. The northward flowing 

Antarctic Bottom water contains only minor amounts of clay 

minerals; contribution to the sediments of the Argentine Basin 

was considered minor or not present (ZIMMERMAN, 1977). There­

fore no input into the Zaire region is to be expected from 

this current. The possible existence of southward flowing 

bottom currents as well as the northward flowing Benguela 

Current has already been mentioned.

Differential settling.—From one sample (40) three different 

particle sizes were examined for their clay mineral composi­

tion (Table II). No differential settling could be deduced, 

in accordance with the findings of VAN DER GAAST et al. (1983), 
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who found no pronounced differences between the relative per­

centages of smectite and kaolinite, even in the low size ranges 

of some samples from the Zaire region.

In summary it can be concluded that all possible explanations 

for the seaward increase of smectite compared to kaolinite can 

be ruled out, or they are only of minor or unknown importance.

The question of the origin of smectite in the Zaire region 

must therefore remain partly unanswered. If future research 

is done on the clay mineral composition of suspended matter 

in the South Atlantic Ocean, including depth differences (cf.

McMASTER et al., 1977), and this is combined with a detailed 

study of the stable isotope composition of smectite (SAVIN & 

EPSTEIN, 1970) and/or rare earth metals, like cerium (HOFFERT, 

1980; DESPRAIRIES et al., 1980; CHAMLEY et al., 1981; PIPER,

1974; STEINBERG & COURTOIS, 1976) we might be more certain 

about the major paths and origin(s) of smectite.

3. REFERENCES

ANDEL, T. Van & H. POSTMA, 1954. Recent sediments in Gulf of Paria; 
North Holland Publishing Company, Amsterdam pp. 143.

BEHAIRY, A.K., R. CHESTER, A.J. GRIFFITHS, L.R. JOHNSON & J.H. STONER, 
1975. The clay mineralogy of particulate material from some surface 
seawaters of the eastern Atlantic Ocean.—Mar. Geol., 18: M45-M56.

BENNEKOM, A.J. van & S.J. van der GAAST, 1976. Possible clay structures 
in frustules of living diatoms.—Geochim. Cosmochim. Acta, 40: 1149­
1152.

BISCAYE, P.E., 1965. Mineralogy and sedimentation of recent deep-sea 
clay in the Atlantic Ocean and adjacent seas and oceans.—Geol. Soc. 
Am. Bull., 76: 803-832.

BORNHOLD, B.D., 1973. Late Quaternary sedimentation in the eastern 
Angola Basin.-Thesis, Woods Hole (Mass.).

CHAMLEY, H., 1967. Quelques modalités de la sédimentation argileuse 
marine aux environs de l'île de Crete.-Bull. Mus. Anthropol. préh. 
Monaco, 14: 25-48.

---—, 1971. Recherches sur la sédimentation argileuse en Méditerranée.— 
Sci. Geol. Mém., Strasbourg, 35: pp. 225.



14

•, 1979. North Atlantic clay sedimentation and paleo-environment 
since the late jarassic. In: Deep drilling results in the Atlantic 
Ocean continental margins and paleo environment (TALWANE M. et al., 
eds): 342-360.

CHAMLEY, H. & G. MILLOT, 1972. Néoformation de montmorillonite à partir 
de diatomées et de cendres dans les sédiments marins de Santorin. 
(Méditerranée orientale). C.R. Acad. Sei., 274D: 1132-1134.

CHAMLEY, H. & C. BONNOT-COURTOIS, 1981. Argiles authigènes et terrigènes 
de l'Atlantique et du Pacifique NW (Legs 11 et 58 DSDP), rapport 
des terres rares. Oceanol. Acta, 4: 229-238.

CHESTER, R., J.J. GRIFFIN & R.C. PADGHAN, 1972. Eolian dust along the 
eastern margins of the Atlantic Ocean.—Mar. Geol., 13: 78-91.

CHESTER,R., H. ELDERFIELD, J.J. GRIFFIN, L.R. JOHNSON & R.C. PADGHAN, 
1972. Eolian dust along the eastern margins of the Atlantic Ocean.— 
Mar. Geol. 13:91-105.

CHESTER, R., J.H. STONER & L.R. JOHNSON, 1974. Montmorillonite in sur­
face detritus. Nature, 249: 335-336.

DESPRAIRIES, A. & C. BONNOT-COURTOIS, 1980. Relation entre la composition 
des smectities d'altération sous-marine et leur cortège de terres 
rares.-Earth Planet. Sci. Lett., 48: 124-130.

EISMA, D., J. KALF & S.J. van der GAAST, 1978. Suspended matter in the 
Zaire estuary and the adjacent Atlantic Ocean.—Neth. J. Sea Res., 
12: 382-406.

FIGUERES, G., J.M. MARTIN & M. MEYBECK, 1978. Iron behaviour in the Zaire 
estuary.-Neth J. Sea Res., 12: 329-337.

GIBBS, R.J., 1967. The geochemistry of the Amazon river system, part I. 
The factors that control the salinity and the composition and con­
centration of the suspended solids.—Bull. geol. Soc. Am., 73: 
1203-1232.

GIRESSE P., 1975. Essai de chronomètre de la glauconitisation dans la 
Golfe de Guinée : exemple de vitesse digénetique au Quaternaire 
supérieur.-C.R. somm. Soc. Géol. Fr., (1975): 163-164.

-, 1978. Le controle climatique de la sédimentation marine et con­
tinentale en Afrique centrale atlantique a la fin du Quaternaire - 
problêmes de corrélation.—Palaeogéogr. Palaeodim. Palaeoecol., 23: 
57-77.

GOLDBERG, E.D. Ä J.J. GRIFFIN, 1964. Sedimentation rates and mineralogy 
in the South Atlantic.—J. Geophys. Res., 69: 4293-4309.

GRIFFIN, J.J., H. WINDOM & E.D. GOLDBERG, 1968. The distribution of 
clay minerals in the World Ocean.—Deep Sea Res., 15: 433-459.

GRIM, R.E. & J.P. VERNET, 1961. Etude par diffraction des mineraus 
argileux de vases méditerranéenes.—Schweiz. Min. Petrol. Mitt., 
41: 65-70.

HÉKINIAN, R. & M. FEVRIER, 1979. Comparison between deep-sea hydrother­
mal deposits recovered from recent spreading ridges.—Coll. Int. 
CNRS, 289: 167-178.

HOFFERT, M., 1980. Les "argiles rouges des grands fonds" dans le Paci­
fique centre-est. Authigénèse, transport, digénèse. Thèse, Stras­
bourg.

HOFFERT, M., A.M. KARPOFF, A. SCHAAF & G. PAUTOT, 1979. The sedimentary 
deposits of the Tiki Basin passage from the carbonate oozes to 
"metalliferous sediments".—Coll. Int. CNRS, 289: 101-112.



15

HOLMGREN, G.G.S., 1967. A rapid citrate-dithionite extractable iron pro- 
cedure:—Proc. Soil Soc. Am., 31: 210-211.

JANSEN, J.H.F., T.C.E. van WEERING, R. GIELES & J. van IPEREN, 1983. 
Middle and Late Quaternary paleoceanography and climatology of the 
Zaire-Congo fan and the adjacent eastern Angola Basin.-Neth. J. Sea 
Res. 17 (2).

KASTNER, M., 1976. Diagenesis of basal sediments and basalts of sites 
322, 323, leg 35, Bellinghausen Abyssal Plain. In: Initial Reports 
of the DSDP, 35: 513-519.

---- , 1981. Authigenic silicates in Deep See sediments. Formation and 
diagenesis. In: The Oceanic Lithosphere; The Sea, vol. 7 (Emiliani 
C., ed): 915-881.

KENNETH, J.R., 1981. Marine Tephrachronology. In: The Oceanic Litho­
sphere; The Sea, vol. 7 (Emiliani C., ed.): 1373-1437.

KURNOSOV, V., N. TSEITLIN & G. NARNOV, 1980. Clay minerals; paleogeo­
graphic and diagenetic aspects. In: Initial Reports of the DSDP, 
56-57: 979-1004.

LANGE, G.J. de., 1976. Röntgen-diffractie aan kleimineralen van enkele 
Noordzee-monsters. Intern Verslag NIOZ, 1976-6.

LANGEVELD, A.D. van.-, 1977. Het verwijderen van organisch materiaal uit 
kleimineralen. Intern Verslag NIOZ, 1977-13.

LANGEVELD, A.D.. van., S.J. van der GAAST & D. EISMA, 1978. A comparison 
of the effectiveness of eight methods for the removal of organic 
matter from clay.-Clays Clay Minerals, 26: 361-364.

McMASTER, R.L., P.R. BETZER, K.L. CARDER, L. MILLER & D.W. EGGIMANN, 
1977. Suspended particle mineralogy and transport in water masses 
of the West African Shelf adjacent to Sierra Leone and Liberia.— 
Deep Sea Res. 24: 651-665.

MEHRA, O.P. & M.L. Jackson, 1958. Iron oxide removal from soils and 
clays by a dithionite-citrate system buffered with sodium carbonate. 
Clays Clay Minerals, 5: 317-327.

MULLER, G., 1961. Die rezenten Sedimente im Golf von Neapel. 2. Mineral- 
Neu-und Umbildungen in den rezenten Sedimenten des Golfes von 
Neapel. Ein Beitrag zur Umwandlung vulkanischer Glaser durch 
Halmyrolyse.—Beitr. Miner. Petr., 8: 1-20.

PEDRO, G., 1968. Distribution des principaux types d'altération chimique 
a la surface du globe. Présentation d'une esquisse géographique.— 
Rev. Geogr. phys. Géol. dyn., Paris, 10: 457-470.

PETERSON, M.N.A. & J.J. GRIFFIN, 1964. Volcanism and clay minerals in 
the southeastern Pacific.—J. Marine Res., 22: 13-21.

PIPER, D.Z., 1974. Rare earth elements in the sedimentary cycle = a 
summary.—Chem. Geol., 14: 285-304.

PORRENGA, D.H., 1967. Clay mineralogy and geochemistry of recent sedi­
ments in tropical areas. Thesis, Amsterdam, pp 145.

---—, 1967. Glauconite and chamosite as depth indicators in the marine 
environment.—Mar. Geol., 5: 495-501.

RATEEV, M.A., Z.N. GORBUNOVA, A.P. LISITZYN & G.L. NASOV, 1969. The dis­
tribution of clay minerals in the oceans.-Sedimentology, 13: 21-43.

ROBERT C., 1980, Climats et courants cenozoiques dans l'Atlantique Sud 
d'après l'étude des mineraux argileux (legs 3,39 et 40 DSDP) .— 
Oceanol. Acta 3: 369-376.



16

ROBERT C., J.P. HERBIN, G. DEROO, G. GIROUT d'ARGOUD & H. CHAMLEY, 1979. 
L'Atlantique Sud au Cretacee d'après l'étude des mineraux argileux 
et de la matière organique (legs 39 et 40 DSDP) .—Oceanol. Acta, 2: 
209-218.

SAVIN, S.M. & S. EPSTEIN, 1970. The oxygen and hydrogen- isotope geo­
chemistry of clay minerals.—Geochim. Cosmochim. Acta, 34: 25-42.

---- , 1970. The oxygen and hydrogen isotope geochemistry of ocean sedi­
ments and shales.—Geochim. Cosmochim. Acta, 34: 43-63.

SHANNON, L.V., 1970. Oceanic circulation off South Africa.—Fish. Bull. 
S. Africa, 6: 27-33.

SHAW, H.F., 1980. Clay minerals in sediments and sedimentary rock. In: 
Developments in petroleum geology-2 (ed. HODSON G.D., ASP London).

SHIEH, Y.N. & T.G. SUTER, 1979. Formation conditions of authigenic 
Kaolinite and calcite in coals by stable isotope determinations.— 
Clays Clay Minerals, 27: 154-156.

SIESSER, W.G., 1973. Native copper in DSDP leg 40 sediments. In: Initial 
reports of the DSDP, 40: 761-765.

---- , 1980. Late Miocene origin of the Benguela upwelling system off 
Northern Namibia. Science, 208: 283-285.

STEINBERG, M. & C. COURTOIS, 1976. Le comportement des terres rares au 
cours de l'altération et ses conséquences.—Bull. Soc. géol. Fr., t. 
18: 13-20.

WHITEHOUSE, U.G., L.M. JEFFREY & J.D. DEBBRECHT, 1961. Differential 
settling Clays Clay Minerals, proc. 7th Natl. Conf.: 1-79.

ZEN E.-an, 1959. Mineralogy and petrography of marine bottom sediment 
samples off the coast of Peru and Chile.-J. Sedim. Petrol., 29: 
513-539.

ZIMMERMAN, H.B., 1977. Clay mineral stratigraphy and distribution in the 
South Atlantic Ocean. In: Initial Reports of the DSDP, 39: 395-400.


