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ABSTRACT - The oxygen isotopes ratios of benthic forarninifera and detailed radiocarbon ages of the 
organic rnatter of an over 15 rn long sediment core from the outer Niger delta allow 
ils to date the oxygen isotope stage boundaries 1.2 to 1 I jOU ( _f 650) years BP. 21.3 to 
approximately 2300U ( _ +  2000) years BP. The composition of the predominantly terri- 
genous clays and accessory pelagic fossils reflects the evolution of the clirnate over the 
southwestern Sahel zone and the response of the Eastern Tropical Atlantic to these 
climatic fluctuations during the Late Quaternary. œ 

The dilution of the pelagic fossil concentrations by the terrigenous rnaterial and the 
oxygen isotopes ratios of planktonic forarninifera indicate large fluctuations in the 
freshwater discharge from the Niger, with high precipitations over the drainage area 
of this river from 4 500 ($I 300) to 1 1  500 ( +  650) years BP and from 1 1  800 ( +  600) 
to 13 000 (+ 600) years BP while the tirne intervals in between were as dry as today. 
Relative increase of kaolinite during wet phases and the association of smectite, chlorite 
and attapulgite during dry ones characterize the response of the weathering in the Niger 
drainage basins to the climatic fluctuations. The occurrence of 10-14A rnixed-layers 
prior to 26 000 years BP is correlated with moderate alteration of the crystalline sub- 
stratum outcrops from the middle-lower part of the Niger Basin. High quartz concen- 
trations are particularly typical for the transition between oxygen isotope stages I and 2 
at the inception of heavy precipitations in the southem Sahel zone. Sedimentation rates 
were quite constant, 30-35 cm11 000 years; they became unusually large at the beginning 
of the Holocene from 10 900 (f 650) to 1 1  500 ($- 650) years BP where they reached 
more than 600 cm/ 1 000 years. 
Bottom waters around 1 100 m depth in the Gulf of Guinea responded to changes in 
paleo-oceanography of the entire Atlantic Ocean as well as to local influences. Abnormal 
carbon isotopes ratios and the drastic changes from a highly diversified fauna (during 
stages 2 and 3, and during the last part of stage 1 after approx. 7 000 years BP) to a 
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poorly diversitied huna in the intervening time \pan point to the development of a local 
benthic environment which cannot easily be compared with the corresponding continental 
and slope environments of the entire Atlantic Occan. 

RÉSUMÉ Variations climatiques du Quaternaire récent 
en Afrique de l'Ouest tropicale interprétées à partir 
des sédiments profonds du delta du Niger 

- Nous avons suivi sur 30 000 ans environ I'alteriiance phase stichc-phase humide caracté- 
ristique du Pléistocène des basses latitudes. ainsi que son empreinte dans l'histoire sédi- 
mentaire. à travers l'étude d'une carotte prélevée dans la partie externe du delta du Niger. 
La courbe des variations des tenciirs en isotopes dc I'oxygene des tests de lOr:iiiiinit~res 
benthiques a éte calibrée par d~ttutions :ILI ''( : les zones de transition entre les stades 
isotopiqiies 1. 2 et 1.7 on1 pli etre dutées respectiveincnt dc I 1 500 ( f 620) Lins BP et de 
27000 ( 7000)  ans BP environ - 
Des précipitations très importantesont eu lieu entre4 500 ( I 300) ans et 1 1 500 ( k 650) ans 
et à un degré moindre entre I 1 800 ( f 600) ans et 13 000 ( f 600) ans. les périodes inter- 
médiaires étant aussi sèches que la période actuelle. L'augment~ition relative de In 
kaolinite pendant les phases humides et celle de la sinectite. la chlorite et I'attapulgite 
pendant les phases siches caractkrisent la réponse du bassin du Niger aux variations 
de I'intensi~i de l'érosion. La préscnce d'interstrutitiis de coiiiportemeiit interinédiaire 
entre I'illite. la vermiculite et lu sinectite souligne I'existeiicc avant 76 000 ans d'une 
periode d'erosion intense du socle utfleurant dans la région du bassin moyen-intërieur. 
Le maximum du stade 2 daté de 14 000- 16 000 ans se traduit par une période de sécheresse 
soulignk par l'arrivée de smectitc et une réponse bien inurquke du milieu ockanique 
(maximum de carbonate de calcium). Les concentrations élevies de quartz localisées 
dans la zone de transition entre les stades I et 7 ( 1  1 800-13 000 ans) sont le témoin du 
dibut des grandes précipitations survenues duns la région du Sahel. Le taux de sédimen- 
tation. relativement constant. de l'ordre de 70-35 cm.1 000 ans, devient exceptionnclle- 
ment cleve au debiit de 1' Holocene piiisq~i'il dcpasse en inoycnne entre I O  900 ( t3iO) Lins 
et I I i00 ( 650) uns 600 cin I 000 ans. 
Dans les eaux de surface. les apports d'eau douce originaire du Niger ont influencé la 
productivité primaire. la concentration des organismes pélagiques et les teneurs en 
isotopes de I'oi;ygene des tests de li~ruiiiiiiileres plunc~oniqucs: la salinite s'est abaissce 
au cours de l'Holocène de 8 "I,,,, environ. Les conditions de milieu régnant au niveau 
du fond ont été fortement influencées par la sédimentation détritique et les apports 
de matières organiques. Un changement radical s'est produit dans la faune benthique 
qui. de très diversifiée pendant les stades 3 et 7 et la partie supérieure du stade 1 (posté- 
rieurement ii 7 000 ans environ). devient peu diversifiée voire pauvre duns les intervalles 
de temps. et notaininent ii I'tloloc6iie intCrieur. Iles rapports isotopiq~ies iinorinaiix du 
carbone inettent l'accent sur les coiiditions tout ii Iàit particulieres de I'cn~iroiirieii~ent 
benthique qui ont rkgné. à ccrtiiiiics epoqiies. dans ce secteur du goltè de Guinée. 

(3c.eut1ol. Actu, 1978. 1, 2. 3 1 7-77?. 

INTRODUCTION 

The outer Niger delta in the Gulf of Guinea is situated 
in a climatically very sensitive region of the world close 
to the boundary between the African tropical rain forest 
belt and the semi-arid to arid desert belts. While it is 
known today that the surface water temperatures of 
large parts of the tropical and subtropical oceans have 
changed relatively little between glacial and interglacial 
episodes of the Late Quaternary (CLIMAP Project 
Member\. 1976). a wide range of various data such 
as lake level (1)elibrias et (11.. 1973: Servant, 1973; 

Street. Grove. 1976; Grove. Street. 1977) or the distri- 
bution of dune systems (Sarnthein. Diester-Haass. 1977) 
during the same time seem to indicate rapid spatial 
and temporal changes in the tropical vegetational belts. 

This study discusses the response of the adjacent Niger 
drainage basins and of the tropical East Atlantic to 
the climatic changes prevailing from the last Glacial 
to the present Interglacial. We therefore chose a deep- 
sea core from the outer Niger delta with a very high 
sedimentation rate. This core was collected during the 
Wnlda cruise of K V "Jean-C'harcot" (CH 37 K W  31. 
03"31'1N. OS"34'IF.. l 515 cm leiigth. l l X l  m water 



depth). The sediment consists ofdark olive gray (5 Y 312) 
to very dark gray (5 Y 311) homogenous mud. This 
core had been studied in previous papers (Thiedc 
et al., 1974; Pastouret et ul.. 1974); '"C dates lead us 
to change stratigraphie and sedimentation rate inter- 
pretations as we discuss below. 

Since we have to decipher the temporal relationship 
of any changes in such a core. stratigraphy is of priine 
concern. We used the oxygen isotopes record of' calca- 
reous benthic foraminiferii and radiometric ages obtained 
from the organic carbon content of the sediments to 
correlate this core with the Late Quaternary chrono- 
stratigraphy. 

Surimposed on the classical oxygen isotopes record in 
planktonic foraminifera, variations are observed. They 
reflect the influence of the Niger freshwater discharges 
which finally controls the deposition of tine-grained 
terrigenous material; the large freshwater dischurge 
produçes also variations in the composition of the 
planktonic foraminiferal Saunas. The quartz concen- 
trations of the sediment and the composition of the 
clay mineral assemblages respond to climatic changes 
through erosional processes over the continental 
hinterland. 

The opal concentrations of the sediments are sensitive 
indicators of the ocean productivity. while the stable 
carbon isotopes ratios of planktonic foraminifera relate 
to salinity changes of the Gulf of Guinea surface waters. 
The stable carbon isotopes ratios of benthic foraminifera 
the preservation of planktonic foraminitèral tests and 
of other calcareous components. and compositional 
variations of the foraminiferal Saunas are used to 
characterize the environment close to the sea floor. 

As a consequence of the vicinity of the continent. core 
KW 31 is rich in terrigenous components. The calcium 
carbonate content is generally lower than 10"; and 
the coarse fraction (@ > 63 Pm) lower than 2'>,, (Thiede 
et al., 1974). Therefore, classical tools like carbonate 
content variations or even faunal analysis cannot be 
applied as no good correlations with cores from the 
open ocean are evident. 

Radiocarbon dates have been obtained on the total 
organic matter. As the organic carbon content is about 

Table 1 
Results of "C A ~ e s .  

Depth (cm) Sample number I4C ages years BP 

l u , ,  ull dong the core. a special counter requiring only 
100 cmJ 01' CO, was ~ised. The linlit ol'detectcron corres- 
ponds to un uge of 26 000 years. Results are reported 
in Table I and Figure 1. They indicate ii very high 
iind riipidly chunging scdiinentation rate ils lijllows: 
- 30 cm1 1 000 yeurs from the top of the core to 300 cm; 
- 640 cini I 000 years between 300 cm to 700 cm; 
- 35 cm,'l 000 years between 700 cin to 1 200 cm; 
- below 1 200 cin radiocarbon activities cannot be 
ineasured. indicating an nge greater than 26 000 years BP. 

As the sediinentation rate shows large fluctuations, 
the strutigraphy of this core hus been retincd through 
the measurcinent of ' W I ' " ~  ratios in benthic fora- 
minifera along the whole section. These ratios are 
widely used as stratigraphic tools (Shackleton. Opdyke, 
1973); during the glacial period isotopically light ice 
accumulated on the continents leaving the oceans 
slightly enriched in 'W. All ol' these variations of ocean 
water isotopic composition are entirely reflected in 
benthic toraminifera. Moreover when climate varies. 
deep wuter tcniperatures are unlikely to change as 
they are controlled by the temperature of Antarctic 
Bottoin Water. which is assumed to have remained 
close to the freezing point. Thereliwe isotopic variations 
01' c;ilcareous benthic foraminifera î'rom distant deep 
sea sediinent cores are very similar us they reflect directly 
the volume of ice stored on the continents. IXO maxima 
and minima can bc correlated and have been detined 
as stages by Emiliani (1955). Tests of two benthic species, 
C'ibil.i~/c,.s p.sc~~ciloungc~riut~u.~ (Cushman ) and U.sungulur;LI 
~>uc.i/ifrc.ii (Cushman) have been analyzed according to 
the procedure used in the Cnrs Gif-sur-Yvette laboratory 
(Duplessy. 1978). The standard deviation of one analysis, 
deduced from replicate measurements of the same 
carbonate. is 0.07';,,,,. Hetween 100 and 700 cm. C'ibic.ide.s 
p.vc~u~k)ui~,~e~rictn~~.s was not measured because t his species 
occurred only rarely ; U.sunguluriu puc.{/ze.c~ was therefore 
ailalysed. 

As already observed for other benthic foraminifera 
species (I>uplessy et ul., 1970; 1975) Osunguluri'u is 
0.33"/,,, isotopically heavier than C'ibic.ides. We therefore 
added - 0.33"1,,,, to Osunguluriu values in order to 

Figure I 
Sedirni,ntorior~ rotes in core CH 22 K W 3 1 .  I4C ages are plotted 
uguinst surnple depth. 



obtain a continuous and comparable record. Oxygen 
isotopes measurements are reported in Table 2 using 
the S notation defined by the relationship: 

6 ''0 = (' 80/ '  60) sample 
- -1  x1000. 

(180/' 6 ~ )  reference I 
The standard used is the Chicago PDB standard. 

The curve for benthic foraminifera (Fig. 2) shows well 
defined isotopic stages. They are highly increased due 
to the unusual high sedimentation rates. From the top 
to 700 cm, Emiliani's stage 1 characterized by 6 ''O 
values close to the modern ones is correlated with the 
Holocene. The transition between stages 1 and 2 occurs 
from 700 to 850 cm and the 6 1 8 0  shift is l.6O/,,,. This 
value probably represents a good measurement of the 
amplitude of the sea water 6 ''O change between the 
Last Glacial and the Holocene as the effects of biotur- 
bation, which homogenize the sediments, are reduced 
in this core. A similar change in the 180/'60 ratio of 
benthic foraminifera between stages 1 and 2 has been 
measured in two cores with sedimentation rates higher 
than 5 cm/ l 000 years (Ninkovich, Shackleton. 1975; 
Iluplessy. 1978). A flat, well defined 6 1 8 0  maximum 
is observed between 860 and 900 cm; it corresponds 

' 

to the glacial conditions of stage 2. The transition 
between stages 2 and 3 occurs from 1 100 to 1 150 cm. 
The lower end of the core belongs to isotope stage 3, 
which is characterized by 6 ''O values 0.8OlO, smaller 
than those of the maximum of stage 2. 

A comparison between the benthic record and the 
14C dates shows that the sedimentation rate changed 
in phases with the climatic fluctuations. The major 
evcnt occurred at the beginning of the Holocene. when 
the sedimentation rates increased to 640 cm/ 1 000 years 
(level 300 cm-700 cm). As the sediments iii this core 
are predominantly of terrigenous origin, the beginning 
of the post-glacial event might be characterized by a 
strong increase of the flux of particulate matter brought 
by the Niger river to the ocean. The tentative strati- 
graphy originally proposed by Thiede et al. (1974) for 
core KW 31 has therefore to be revised. The bottom 
of the core falls within isotopic stage 3. If we assume 
that the sedimentation rate calculated below 700 cm, 
remained constant before 25 000 years BP. the deepest 
deposits of this core are 33 000 years old. 

The boundary between isotope stages 2 and 3 is located 
at 1 150 cm: using sedimentation rate its age estimated 
to 23 000 years BP ( + 2000) is in good correlation with 
the maior ice readvance described as the ( atfish C reek 
Drift in Illinois and Wisconsin by Goldthwait et al. 
(1965). as lowan or Pinedale glaciation in Midwestern 
and North-( eiitral lJnited States by Lemke rr a/. (1965, 
and in Britain (( oope et al.. 1971 : ( oope. 1975). The 
age of 16 I O 0  years ( + 1 3001 for the maximum of stage 2 
is the age of the highest volume of ice stored on the 
continents and therefore of the lowest sea level. This 
figure fits fairly well with field observations, which 
according to a worldwide compilation made by Emery 
et al. (1971 ). date the minimum sea level between 15 000 
and 18 000 years BP. 

PALEOCLIMATIC FLUCTUATIONS IN THE 
NIGER DRAINAGE BASlN 

The temporal relationship between waxing and waning 
of northern hemisphere ice sheets in the high latitude 
continental areas and alternation of pluvial and dry 
periods in low latitude has been the subject of contro- 
versy (see Flint. 1971 ; Cirove, Street, 1977; and others). 
As arid and humid climatic belts have changes when 
climate varied, a dry period at one place could be 
synchronous with a wet period at another place and 
there is u priori no general worldwide solution. Moreover 
this problem is complicated by the fact that the mean 
climatic evolution (measured by the continental ice 
volume variations) is only well recorded in the oceans 
but the consequences of dry and wet periods are 
essentially well developed on the continents. Accurate 
correlations between continental ice volume and rainfall 
intensity variations can therefore be obtained only by 
the study of deep-sea cores close enough to the continents 
to record the response of the ocean to climatic variations 
over the adjacent land mass. Pleistocene sediments from 
the outer Niger delta offer an opportunity to study 
glacial-pluvial relationship in the drainage basin of this 
river by correlating & lnO stratigraphy, the freshwater 
discharge and the composition of terrigenous detritus 
which reflect the climatic regime above this nearby 
part of the West Africa. 

Variations of the Niger freshwater discharge 

Continental rainwater even at low latitude are relatively 
poor in I8O. Thus, marine waters diluted by freshwaters 
are isotopically more negative than undiluted oceanic 
waters. As core KW 31 is located on the lee of the Niger 
river plume, it was expected that oxygen isotopic ana- 
lysis might produce information more relevant to conti- 
nental rainfàll intensity than to temperature changes 
which are already known to have been small in this 
area during the late Quaternary (Duplessy et al., 1974; 
CLIMAP Project members. 1976). Oxygen isotopic 
analyses have been performed on the planktonic fora- 
miniferal species Glohigerinoidtii ruher pink variety. 
which was sufficiently abundant in most samples. This 
species is well known to have a surficial depth habitat 
and also to tolerate relatively large changes in water 
salinity (Bé. Tolderlund. 1971). Results are reported 
in Table 2. The salient feature of the oxygen isotopic 
record in core KW 31 (Fig. 2) is a major anomaly 
during most of the Holocene and near the end of the 
Last Glacial in the transitional zone between stages 1 
and 2. This anomaly is superimposed ont0 an isotopic 
record (compared with the benthic record) which is 
characteristic of the open ocean. A peak with (5 ''O 
reaching-3°',o extends from 40 to 650 cm and covers 
the period 4 000-1 1 500 years BP. This event is interpreted 
as a consequence of the large freshwater discharge which 
ended abruptly around 4 000 years. The amplitude of 
6 ''0 variations of G .  ruher between the core top and 
stage 2 maximum is close to 2OiuO. This value is very 
similar to that measured in the nearby core CH 7107 
(Duplessy et al.. 1974). but away from the influence 
of the Niger river. Thus the modern and the glacial 



Table 2 
i i i ~ ~ u l t s  ot o.ur>Ren and carbon isotopic anabsis in the tests of 
Cibicides pseudoungerianus. Osangularia pacifica and Globigerinoides 
ruber. KR 30, surface sample taken with Reinecke corer. 

Cihicides Osangularia 
Samples pseudoungerianus paclfica 
deoth 
(cm) Oxygen . Carbon Oxygen Carbon 

Globigerinoides G10bigerinoide.s 
Samples ruber Samples ruber 
depth *' depth 
(cm) Oxygen Carbon. (cm) Oxygen Carbon 

K R  30 top 
bottom 

20- 25 
25- 27 
30- 37 
37- 40 
43- 45 
57- 60 
62- 70 
82- 85 

100- 102 
120-155 
180-222 
307-335 
372-420 
432-455 
467-475 
487-495 
520-525 
532-555 
560-565 
569-582 
595-618 
625-638 
665-678 
680-685 
700-705 
720-725 
740-745 
760-765 
780-785 
800-805 
807-8 10 
820-825 
827-830 

Figure 2 
Oxygen isotopic composition of' benthic foraminifera (Cibicides 
pseudoungerianus and Osangularia pacifica) und Globigerinoides 
ruber (pink variety) in core CH 22 K W 31. The composition of 
Cibicides pseudoungerianus was measured in most sumples except 
between 100 and 700 cm in which Osangularia pacifica n1as derer- 
mined. Values ohrained were reudiusred. .see ie .~ t  p. 2 19. 1 4 ( '  uges 
are mentionned in the lejr column. Shaded areas represent Jresh- 
water discharges. 



outflow of the Niger river are very similar. This meails 
the Late Glacial and Holocene pluvial period in West 
Africa is now finished. A negative isotopic peak is 
also observed between 740 cm and 780 cm and is dated 
to about 11 500 to 13 O00 years BP. It is synchronous 
with a humid phase occurring shortly before 12 000 
years BP in the tropical Africa (Street. Grove. 1976). 
It has been correlated to interstadial periods observed 
in the European climatic records (Allerod and Bolling). 
During the period 16 000-30 000 BP. wet episodes of 
short duration are clearly recorded. mainly at 1 100 
and 1 160 cm. The impact of these events which occurred 
arolind 22 000 ( + 2000)  ycai-s BP is conlii-ined hy an 
increase in the sediments of terrigenous detrital materials 
and plant remains (Thiede et ul.. 1974). 

It appears therefore that most of the rainfall over the 
drainage basin of the Niger river occurred at the 
beginning of the Holocene and finished abruptly 4 000 
years ago. This observation can be correlated with 
those made in the Chad area (Maley. 1977) and others 
continental basins where the Holocene lacustral phase 
ended around 4 800 years BP (Street. Grove, 1976). 
During the rest of the time recorded in core KW 31. 
the pluvial regime of the equatorial and tropical western 
African continent and the Niger discharge appear to 
have been from the isotopic point of view. close to those 
observed today. 'During glacial periods. wet episodes 
occurred which lasted up to 1 000 years. but at present 
it does not seem possible to relate them to any important 
change in the general climatic evoliition of the western 
Africa during stage 2 and the late stage 3. 

Significance of the detrital clay supply 

~Ir'ature und origin of '  the clay fraction 

X-ray diffraction measurements on less than 2 pm 
non calcareous particles. supplemented by transmission 
electron microscopy, show a large preponderance of 
well-shaped but small kaolinite. Numerous other minerals 
are present: smectite of variable crystallinity, badly 
crystallized illite. illite-smectite irregular mixed-layers. 
a 7-10 A complex including disordered halloysite and 

Kaolinite reflects the erosion of the wide-outcropping 
pedologic formations of the north-equatorial and humid 
tropical African climatic belts. It originates from well- 
drained lateritic soils (Millot. 1964), chiefly in upstream 
parts of river basins, together with goethite and sub- 
amorphous iron oxides which are responsible for the 
reddish color of clay fractions. These minerdls are 
supplied by the Niger river (Millot. 1953) and are 
widely distributed in the river delta (Porrenga, 1966: 
Klingebiel et al.. 1975) and in the intertropical marine 
Atlantic area (Griffin et ul., 1968). 

Smectite chiefly comes from the lower part of rivers 
and badly-drained soils of the tropical and sub-tropical 
climatic belts (Paquet. 1969): this agrees with the 
blackish color of marine clays (E'ig. 3) and continental 
soils rich in smectite (Paquet. 1969) as well as increasing 
smectite content in the downstream parts of the Niger 
river basin (Porrenga, 1966). The irregular 10- 14 A 
mixed-layers express the incomplete degradation of 
mica and or smectite minerals at the bottom of alteration 
profiles or in zones sparsely covered by vegetation. 
A pedological origin is also probable for the 7-10 A 
complex. This would represent either the onset of 
continental alteration of volcanic rocks (disordered 
kaolinite, halloysite: Sieffermann et ul., 1968). or the 
beginning degradation of detrital kaolinite that accumu- 
luleci downstream in organic-rich zones (kaolinite- 
smectite mixed-layers: Chamley et ul.. 1976). It should 
be noted that the chamosite berthierine granules formed 
on the continental margin (Porrenga, 1966; Ciiresse, 
Odin, 1973) are not present in the deep-sea clay 
assemblage. 

The other minerals occurring in KW 31 can be directly 
related to the rocks exposed in the Niger drainage 
basin. This is the case of the typical primary minerals 
(illite, chlorite, quartz. feldspars). i s  well as for atta- 
pulgite and a part of smectites which are abundant 
in Cretaceous and Paleogene deposits (in Millot, 1964; 
Chamley, 197 1 ). These rare minerals are preserved 
from complete pedologic destruction. their abundances 
in sediments increase in the dry zones of northwest 
Africa (Chamley et ul., 1977). 

kaolinite with'probable kaolinite-smectite mixed-layers In summary, the clay fraction of KW 31 sediments 
as well as quartz. occur throughout the core. Chlorite, is marked by the abundance of kaolinite, and by a high 
illite-vermiculite irregular mixed-layers. attapulgite (paly- mineralogical diversity. These minerals corne mainly 
gorskite) in short and broken fibres, feldspars, goethite from soils eroded in the upper and lower parts of the 
and subamorphoiis iron oxides occur sporadically Niger drainage basin and also from crystalline and 
(Fig. 3). sedimentary rocks. 
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Figure 3 - (7-10) A layers: 8.4 A peak height ratio on glycolated and 
Description. course ,fraciion ,freyuency and mineralogy qf the clay natural sam~le .  

fraction: - Disorderrd kaolinite ro halloysite: breadth of' - 10 A refiection 
- Color: R ,  red; B ,  beige: Br.  hrown; G .  gruy; BI, hluck. in I I  10 0, g(vcolut~d sample. 
- Clay minerais: C .  chlorite. 1, illite; (10-14,,), (10-14,). illire- - (10-14) A layers: 

smectite. illite-vermiculite irregular mixed-loyers: Sm. smectite; 
K .  kaolinite; A .  attupulgite: F. ,feldspars. 12 A rejlections heiyht, natural sample 
- Smectite abundance: 181 10 A peak heighf ratio, glycolated -- 
~ample.  

17A reflections heiqht, qlycolated sample' 

- Smectite crystallinity: angle of' 18 A peak, g-'colared sample. 
- Kaolinite S.S.: 7.11 10 A peak height ratio, glycolated sample. + Direction of increase. 

Clay. minera1 variations along the core 

Noticeable mineralogical changes occur along the core 
KW 31 (Fig. 3). The main part of the Holocene sequence, 
from the transition of Emiliani's stages 1 and 2 at about 
840 cm, is marked by a relative increase in kaolinite 
and goethite contents, shown by the red-brownish or 
gray-brownish color of the clayey sediments. These 
minerals and colors chiefly characterize the middle 
and upper zones of the Niger basin. Their increase 
is probably due to an augmentation of rainfalls on the 
river basin, occurring in three ways: a)  the formation 
of kaolinite in well-drained soils is favoured by greater 
wetness and slightly higher temperature during inter- 
glacial intemals; h)  rainfalls produce a more important 
erosion of the soils which is attested by a sharp increase 
of the marine sedimentation rate (Fig. 1) and the dilution 
of marine organisms by detrital clays (Thiede et al., 
1974); c )  the transport energy becomes greater and 

allows the clay minerals to be transported over the 
long distance from the distant part of the Niger river 
drainage basin. 

The uppermost part of the Holocene sequence, above 
120 cm, shows an increase in smectite content and the 
presence of chlorite and attapulgite. As smectite chiefly 
originates from parts of the river basin close to the 
delta, its increase in marine sediments indicates a decrease 
of the distance to the source area of the terrigenous 
detritus. This change in the mineral assemblages was 
probably caused by a decrease in the continental rainfalls 
during the Late Holocene. Arguments for such a dimi- 
nution of the freshwater discharge consist in an augmen- 
tation of the concentration of pelagic fossils above 
120 cm (Fig. 4 and Thiede et al., 1974) and the augmen- 
tation of oxygen isotopic ratio of Glohigerinoides ruher 
(Fig. 2) .  
The isotopic stage 2 between about 840 and 1 180 cm 
includes two mineral zones. The upper zone between 



840 and 940 cm has the same characteristics as the 
uppermost levels of the core, with a better crystallized 
smectite and some chlorite and attapulgite in dark gray 
clayey sediments. The interpretation is the same: a 
relatively dry climate over the continent led to the 
diminution of hydrolysis processes and favoured the 
erosion arid then the transport of coastal soils and 
rock formations. This is supported by plankton isotopic 
data (part 3. Fig. 2). indicating a minimum of fresh- 
water discharge. As shown by benthic foraminiferal 
isotope data, the smectite-rich levels correspond to the 
full glacial conditions: the increase of smectite could 
be enhanced by a lowering of the sea level at the end 
of Last Glacial period, causing increased erosion of 
the coastal formations rich in smectite. 

The lower part of isotopic stage 2 shows an alternation 
of levels rich in kaolinite and levels ricli in a 7-10 A 
irregular complex. This could be interpreted as an 
augmentation in continental humidity, but not as great 
as during the Holocene. This interpretation is supported 
by the isotopic data. The kaolinite increases indicate 
short periods of heavy rainfalls. As stated above the 
7-10 A complex increases are not yet well explained. 
Nevertheless thcir occurrence seems to express an 
alternation of wet and dry periods. allowing the existence 
of strong rainfalls in the volcanic areas of the Niger 
basin (eastern part?) andior the temporary accumu- 
lation of kaolinite in downstream badly drained zones 
(delta'?). 
In the lower part of the core below 1 180 cm corres- 
ponding to the rather constant isotopic stage 3 two 
zones have been identitied. The upper zone between 
1 180 and 1 300 cm looks like the one directly above, 
but kaolinite-rich levels are less marked while 7-10A 
complex levels are more marked: the mean continental 
huinidity appears a little lower than above. 

The base of the core below 1 300 cm shows an increase 
in irregular 10-14 A mixed-layers, illite and quartz. the 
local occurrence of chlorite. and a decrease in smectite 
and kaolinite crystallinity and abundance. This mineral 
assemblage is not usually described in subequatorial 
zones. but a distant origin via marine currents is unlikely 
because southwards the zone influenced by the Congo 
river is even more equatorial and marked by high 
contents of kaolinite (Bornhold. 1973). Northwards the 
mixed-layer minerals coming from mid-latitudinal zones 
must pass round West Africa, which is not supported 
by large-scale current data (in Emery et al., 1974). 
Moreover no argument exists for an autochtonous 
mineralogical alteration: sediments are not rich in 
organic matter and the open-sea quaternary detritic 
environments do not favour such phenomena. The 
10-14A mixed-layers and associate minerals (illite, 
chlorite, quartz) probably originate directly from the 
african continent. Their assemblage evokes the moderate 
alteration of the crystalline substratum. Outcrops of 
this substratum chieîly exist in the middle-lower part 
of the Niger basin (Benin, Nigeria). Maybe the minera- 
logical association at the bottom of core KW 31 reflects 
an increase in rainfalls and erosion in this part of the 
river basin. 
In summary. the clay mineral assemblages from the 

core K W  31 reîlect large shifts in the continental climatic 
zones over the Niger basin. The Holocene is very humid 
except during its most Recent period. The upper part 
of Last Glacial, during isotopic stages 3 and 2, succes- 
sively suggests moderate rainfalls on middle-lower areas 
of the basin, a rapid alternation of wet and rather dry 
periods. and at least a dry and rather cool period. 

Quartz distribution 

Quartz is one of the most common components of 
hemipelagic sediments. The source rock geology and 
the climatic regime above the source area control the 
amount and grain size of the clastic quartz which can 
be induced into the water masses covering the continental 
margins either in aqueous or in aerial suspension (Heath 
et ul.. 1974: Molina Cruz. Price, 1977). Quartz concen- 
trations of the sediments of core KW 31 have been 
determined after removing the calcium carbonate 
contents of the bulk sediment with acetic acid. The 
quartz content has been measured by X-ray dittraction 
applying the technique described by Till and Spears ( 1969) 
and now widely used to analyse marine sediments 
(Heath et al., 1974; Heath et al., 1976: Ellis. 1972). 

The quartz content of the KW 31 sediments is approxi- 
mately 8':,, in average (weight percent of the carbonate 
and opal free sediment) throughout the core (Fig. 4. 
Table 3). Its distribution however is quite irregular 
with an increase in the 100-400 cm section of the core 
and a more pronounced maximum in the 700-900 cm 
section. The two maxima correspond to time spans 
approximately from 6 000 to 11 O00 years BP and 
from 1 1 500 to 16 000 years BP. Both intervals are 
separated by a section which was deposited during 
a very short time at sedimentation rates as high as 
> 600 cm, 1 000 years. Since both the calcareous and 
opal remains of the oceanic plankton are at a minimum 
during this time. and the core was taken from the top 
of a small morphologic elevation, and since the very 
fine grained texture of the sediments is virtually 
unchanged. it can be concluded that this section of 
the core has recorded the ellèct of an important paleo- 
climatic event affécting the availability of suspended 
fine grained terripenolis detritus. These important 
maxima of the quartz concentrations are found in 
core sections which were deposited approximately 
7 000-9 O00 years BP and around 12 000 years BP. 
The earlier maximum coincides with a relatively humid 
climatic regime with probably increased runoff of 
freshwater due to relative high lake levels in the Chad 
region (Servant et al., 1969; Street. Grove, 1976). 
The older maximum is much more difficult to interpret 
since such a clear relationship does not exist. Neverthe- 
less, i t  seems important to notice that these high quartz 
concentrations have been deposited tollowing the peak 
of the Last Glacial when an arid climate prevailed 
over large parts of Africa and when this climate hdd 
changed wide regions into deserts with sand dunes 
(Sarnthein, 1977). This wet period of the stage 112 
transition can be correlated with a strong decrease 
of the oxygen isotopes ratios of planktonic foraminifera 
and has been interpreted to correspond to the inter- 
stadial periods of the european realm (Allerod and 



Bolling). The precipitations must have washed large 
amounts of terrigenous materials with relatively high 
concentrations of quartz into the Gulf of Guinea. 
The quartz concentrations decrease drastically at 
11  500 years BP when during a time of heavy rainfalls 
(see discussion above) and humid climate the supplies 
of the KW 31 terrigenous components were dominated 
by clay minerals. 

Table 3 ' 

Quartz and opal concenrrations in core CH 2 2 / K  W 31. Quartz, 
weight percent of the carbonate and opal free sediment. Opal. weight 
percent of the carbonate free sedimeni. 

Sediment Sediment 
depth depth 
from top Opal Quartz from top Opal Quartz 
(cm) (%) (%, (cm) (%) (%) 

RESPONSE OF THE OCEANIC ENVIRONMENT 

Climatic and environmental conditions seem to have 
been quite stable during the last 125 000 years in the 
eastern tropical Atlantic (Duplessy et al., 1974; CLIMAP 
Project Members, 1976; Gardner. Hays, 1976). Changes 
in composition detected in core KW 31 thus reflect the 
response of the local oceanic environment to the changes 
of the Niger discharge, which reflect the variations of 
the intensity of rainfalls on the continents. 

Surface waters 

Salinity reduction 

6 1 8 0  variations of Globigerinoides ruber during the 
period 4 000-1 1 500 years BP have beeq interpreted 
as reflecting a large influx of freshwater. This pheno- 
menon implies a high reduction of the salinity of the 
surface water where Globigerinoides ruher is living. 
An independant check can be obtaineà by measuring 
the 6 13C variations of this species. The following 
mechanism is implied: 6 I3C values of total dissolved 
CO, in freshwaters are much smaller than the marine 
ones. This depletion in heavy carbon isotopes reflects 
the fact that about 65% of groundwater CO, is produced 
by the oxidation of organic matter (Labeyrie et al., 1967) 
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which has, on the continent, a 6 13C close to - 25O/,. 
Total CO, dissolved in sea water has a 6 "C of about 
+ 2'/,, due to the isotopic exchange with atmospheric 
CO, (Duplessy, 1972). Therefore, in estuary and coastal 
environment, the mixing of fresh and marine waters 
is reflected in the isotopic composition of the total 
dissolved CO,: 6 13C increases with salinity according 
to an hyperbolic relationship which is fully defined 
when total CO, concentrations and isotopic ratios are 
known for both sea and freshwaters. This relationship 
has been determined for the present day Niger delta 
(Duplessy, 1972). 

6 13C values of G. ruher along core KW 31 remain 
close to the modern ones during most of isotopic 
stages 2 and 3 (Fig. 5). This confirms that the Niger 
discharge during the Last Glacial was similar to the 
modern one. During the Late Pleistocene~Holocene 
pluvial period, a strong shift towards the smaller 6 "C 
is observed: the mean 6 13C between 60 and 685 cm 
is + 0.81 per mil lighter than the mean modern value. 
Assuming that the present 6 13C-salinity relationship 
can be applied to the pluvial period, we can estimate 
a mean salinity reduction of LI0/,, during the pluvial 
period. During paroxismal events, such as that recorded 
around 200 cm. the salinity reduction could have been 
higher than 10°/00, which is also supported by high 
quartz concentrations (Fig. 4). 

Variations in the planktonic ,foraminjfèral .fama 

The distribution of the planktonic foraminiferal 
assemblages has been already discussed in previous 
papers (Thiede et al., 1974; Pastouret et al., 1974). 

In the inner part of the Gulf of Guinea freshwater 
discharge and turbidity have greatly influenced the 
zooplankton distributions. Correlations of the fora- 
minifer fauna with temperature fluctuations from 
30 000 years BP are not obvious, on the other hand 
species frequencies during stage 2 are similar to those 
occurring during stage 3 (Fig. 6). Faunal composition 
changed during Holocene age; frequencies of Glohi- 
gerinoides ruher and G. sacculifer, Glohoquadrina duter- 
trei and Glohorotalia scitula increased whereas Glohi- 
gerina quinqueloha became less abundant. 

The greatest abundance of Glohigerinoides ruher (pink 
and white subspecies) in core CH 22 K W 31 occurs 
between 100cm and 700 cm, where averages change 
from 10 to 20':; with a maximum of 30% between 200 
and 400 cm. This sediment section is correlated with 
the lowest salinity value measured along the core. 
G. ruber is a warm water euryhaline epipelagic species 
(Bé, Tolderlund, 1971). Its distribution in the oceans 
shows maximum abundance in waters over 36'/,, or 
below 34.5'1, salinity (Bé, Tolderlund, 1971 ; Blanc 
et al., 1975). 

Glohoyuadrina dutertrei shows a maximum abundance 
between 80 and 500 cm: its frequency increases from 
4 to 83, with a peak to 12'x at 270 cm level. On the 
other hand. a higher frequency located between 620 cm 
and 820 cm should be noted corresponding approxi- 
mately to a dilution episode centered on 12 000 years BP. 
G. dutertrei is a subtropical-tropical species indicative 
of low salinity conditions (Ruddiman, 1971 ; Cita et 
al., 1977); it is abundant in Gulf of Guinea sediments 
(Schott, 1966). 
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Globorotalia scitula is most abundant in the upper 
part ( 100 cm to 650 cm) of core KW 3 1. Its frequency 
grows from 2 to 4% with a peak to 7% around 150 cm. 
It is a bathypelagic species usually found in cold water 
masses: however only few data on its distribution in 
sediments are available (Schott, 1966). Our results seem 
to indicate capability to live in low-salinity waters. 

The abundance of Globigerinoides sacculifér increases 
during Holocene time and particularly in horizon 
120-500cm in which its frequency reaches 10%. It 
should be noted however that at the bottom of the 
core ( 1 200-1 51 5 cm) during isotopic stage 3 this species 
is rare. The increasing abundance of G .  sacculifér 
around a 1 160 cm depth, seems to be correlated to an 
increase of the freshwater discharge. These results 
would favor the capability for G. sacculijer also to 
tolerate a low-salinity environment. This is not in 
agreement with the current knowledge about the ecology 
of this species. G. sacculdèr is known to be a warm 
water, epipelagic species in competition with G. ruber 
for a similar ecologic niche (Bé, Tolderlund, 1971; 
Hecht, 1976) and salinity seems to be the hydrographic 
variable responsible for the difference observed in the 
distributions of peak abundances of these species. 
G. sacculifer is believed to be a stenohaline species 
which occurs more abundantly in water masses with 
salinity between 34.5 to 36'1,. Bé, Tolderlund (1971) 
have shown that this species is rare in the central water 
mass of the South Atlantic Ocean and in areas off the 
coasts of Brazil and Angola. On the other hand G. 
sacculifer is abundant in the Gulf of Guinea where 
surface water masses with low salinities occur. 

Glohorotalia quinqueloba frequency is lower between 
60 and 650 cm than in the above or below sections 
of core KW 3 1. This change could be correlated with 
low salinity andlor high turbidity waters inputs instead 

of temperature variations as G. quinqueloha frequency 
did not Vary during isotopic stages 2 and 3. This epi- 
pelagic species shows a distribution range in cold waters 
from 1 to 21°C with a maximum abundance at below 
12°C (Bé, Tolderlund, 1971). The response of this 
species to low salinity of Holocene age in core KW 31 
is difficult to interpret as no data have been published 
concerning the behaviour of G. quinqueloba toward 
salinity. 

Variations of' the productivity 

Biogenic opal is found enriched in zones under the 
productive surface water masses along almost al1 conti- 
nental margins (Berger, 1976), although this pattern 
can be considerably disturbed due to the diluting effect 
of the high input of terrigenous clastics in such regions 
(Molina Cruz, Price, 1977). A certain amount of opal 
silica, however, might be derived from the continents 
as well, since displaced freshwater diatoms and phyto- 
liths are a common component of hemipelagic sediments 
(Diester-Haass et al., 1973). From the results of the 
coarse fraction and smear slide analysis (Thiede et 
al., 1974) we know that siliceous sponge spicules, 
radiolarians and diatoms are present in the fine grained, 
clayey deposits recovered in core KW 31. - -  - 

The opal content of the sediments'has been estimated 
using the same sample as for quartz measurements 
after they have been heated to 1 000°C for conversion 
of the opal silica to cristobalite (Goldberg, 1958; 
Calvert, 1966; Moore et al., 1973). The samples of 
core KW 31 have been analyzed twice to assure a good 
quality of the data. The results of the analyses of the 
sarnple pairs were always close together. The average 
of these pairs of measurements are also presented in 
Table 2 and Figure 4. 



The opal content is approximately 4 ; ,  in average 
(weight percent of the carbonate-free sediment) 
throughout the core (Fig. 4). The best developed 
opal maximum can be observed at 50-150 cm below 
the core top in approximately 4 000-7 000 years old 
sediments. It should be noted that the quartz concen- 
trations drop considerably below their average value 
during this time span. While opal concentrations are 
relatively low in the 600-850 cm core section which has 
been deposit~xi approximately 1 1  400 to 14 000 years BP 
and which is characterized by a high input of terrigenous 
material, the 950- 1 200 cm (approximately 17 000- 
22 000 years BP) and 1 300- 1 450 cm ( 2 26 000 years BP) 
core sections have revealed two clear though less pro- 
nounced maxima of opal silica concentrations. Since 
the appeararice of the sediments recovered in core 
KW 31 is remarkably homogeneous and in view of 
the core location, it is clear that compositional variations 
of the marine fossil assemblages are the result of the 
changes of the hydrography of the bottom as well as 
the surfiace water masses in the inrier Gulf' of Guinea. 
The opal contents are probably dominantly composed 
of diatoins and radiolarians. othcr remains such as 
sponge spicules are scarcc. Though it is very difticult 
to qiiantify the postdepositional dissolution of the 
opaline fossils (Schrader. 197 1 : Berger. 1976). the most 
prominent opal concentrations in tliis core are assumed 
to reflect time spans of relatively fertile surtàce water 
masses in the Gulf of Guinea. It is especially interesling 
to note that the most prominent maximum of the opal 
concentration at the top of the core coincides with a 
large decrease of the ti I8O ratio of planktonic fora- 
minifera, an increase of this ratio in benthic foraminifera 
and an increase of the 1i 13C' ratios in both benthic and 
planktonic foraminifera. This zone is also characterized 
by great changes in the planktonic and benthic fora- 
minitèral f;iiinas. These observations can bp correlatéd 
with paleoclimatic changes that occurred during this 
time when the prominent humid phase of the late 
Holocene gave way to an arid phase approximately 
4 000 years ago. It should also be noted that the calcium 
carbonate conients of the hiilk sediment increases from 
< 10 to > 24':, in the 850-1 000 cm section of the 
core which corresponds to the peak of the last Glacial 
with a dry climate and low sea level (Faure. Elouard, 
1967). Planktonic foraminifèra (E'ig. 4) as well as pelagic 
Gastropods occur more frequently. while benthic fora- 
minitèral faunas are highly diversified (Fig. 6). 

Variations of bottom environmental conditions 

Correlations between 13C/'ZC curves are given on 
Figure 5 both for benthic (('ihir-ides p.seitd>urzgerianus, 
O.sungirluria pacifica) and planktonic (G'1ohigerinoide.s 
ruber) foraminifera Particularly the sudden decrease 
of I3CIlZC ratios at 670cm is remarquable. Inputs 
of dissolved CO, of continental origin cannot only 
explain such a variation in the deep environment. 
The well established thermic stratitication of water 
masses in equatorial zones prevents convection move- 
ments and mixing of deep and surface water masses. 

These variations of bottom environmental conditions 
could be explained in three ways: 
1 )  a decrease in the global ocean circulation: in this 
case deep waters would stay longer in contact ai the 
bottom with the sea floor. Chemical reactions in the 
benthic boundary layers as well as the destruction of 
organic matter produces CO, poor in 'TC, but these 
reactions consume 0 5  ln this way the depositional 
environment became impoverished in dissolved oxygen, 
but rich in CO, with a decreasing 13C/12C ratio. This 
kind of partial stagnation of oceanic deep water masses 
at the bottom was suggested by Weyl (1968) in conjunc- 
tion with the termination of a glacial stage. Nevertheless 
it should be noticed that in core KW 31 this stagnation 
phase did not occur at the end of a glacial period but 
after the deglacial period. which is not consistent with 
Weyl's theory. Moreover results obtaintid on cores 
from North Atlantic or lndian Ocean (J .  C .  Duplessy. 1 
unpublished data) have shown that 13C/12C ratio of 
benthic foraminifera did not Vary greatly during the 
Holocene period. The phenomenon we observed in core 
KW 31 is therefore not a general one and must he 
interpreted in terms of local variations of the marine 
environrnent ; 
2) a local deep-water stagnation. This sort of pheno- 
menon gencrating sapropel deposits has been observed 
in Black Sea-type basins (Degens. Hecky. 1974) or in 
the Eastern Mediterranean Sea (Pastouret. 1970; Kyan. 
1972; Kyan, Hsü et al.. 1973: Cita et al., 1977). But 
the observations we made on the site location of core 
KW 31 and, the absence of sapropelic layers in the 
recovered section led us to eliminate this hypothesis; 
3) a local increase of the benthic CO, production 
generated by oxydation of the organic matter supplied 
to the ocean by the Niger river. Similar observations 
have been already described in estuarine environment 
(<;ameson, Barrett. 1958). Richards ( 1965) pointed out 
that in marine waters the increases of the organic matter 
inputs were accompanied by an increase of the dissolved 
oxygen consumption. This hypothesis could only explain 
the variations of carbone isotopes ratio we observed. 
The depositional environment close to the sea-floor 
hiis grently infliienced the benthic foraminiferal faunas: 
those variations have been previously discussed (l'hiede 
et al., 1974). The most important feature obsemed in 
this fauna (Fig. 6) consists in a change from highly 
diversified assemblage in the lower part of core KW 31 
during stages 2 and 3 prior 14 000 years BP. to a low 
diversitied to poor assemblage in the upper part 
( 140-670 cm) of the core. except from 140 cm to the 
top. that is to say prior to 6 700 years BP. The zone 
with particularly low diversities between 680 and 850 cm 
can be correlated with the transitional zone between 
isotopic stages 1 and 2. Following this impoverishment 
and at the same time as the sedimentation rates increase 
as a consequence of the incipient pluvial period on the 
continental area. the benthic population became very 
poor in the lowest part of the Holocene (6 750 to 
1 1  500 years BP). 

The highly diversitied huna is characterized by the 
occurrence of the following species: Euirvigerina pere- 
grina, B~rlimina costuta, C'as.si(iulinu <.urinatu. C'ihiri~les 



Table 4 

Sedimentological events recorded in CH 22K W3 lcore 

Depih '.C $j 
(cm) idaicl) D "7 S 

pseudoungeriunus, Planulina wuellerstorfi. Gaudryina 
atlantica, G-vroidinu soldunii, honion burleunum. Agglu- 
tinated species are most abundant between O and 140 cm. 
The poor benthic population comprises mostly Globo- 
buliminu uffinis. Bu limina exilis and Osangularia pucifi CU. 

The disappearance of Cibicidespseudoungeriunus between 
140 and 680 cm should be noted. 

DISCUSSION (Table 4) 

The radiocarbon dates and the isotopic record we have 
obtained on the core KW 3 1 led us to establish a detailed 
stratigraphy of the sediment section which permits us 
to discuss on one hand the succession of dry and wet 
periods of the late Pleistocene in the Niger drainage 

basin and their imprint in the marine sedimentation in 
the inner part of gulf of Guinea and on the other hand, 
several geological, climatological, paleoenvironmental 
events occurring as well on the continental area as 
in the nearby ocean. 

The boundaries between Emiliani isotopes stages 1 
and 2, 2 and 3 previously dated respectively to 
13 000 and 32000 years BP (Shackleton, Opdyke, 
1973) have been precised. The first one was measured to 
1 1  500 ( + 650) years BP and the second one estimated 
to 23 000 years BP ( f 2 000). The isotopic stage 2 corres- 
ponding to the latest maximum ice sheet extension 
and the lowest sea-level regression was dated to 
16 100 (+  1 300) years. This date is slightly earlier than 
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that proposed by Faure and Elouard (1967) for the 
western African Coast but in good agreement with the 
world wide compilation made by Emery et al. (1971). 

According to the atmospheric circulation pattern pro- 
posed by Manabe and Hahn (1977) the last ice age 
period is correlated in the intertropical Africa with 
dry climate. The interglacial climatic episodes are 
marked by increasing runoffs and freshwater dischargs 
in the inner part of Gulf of Guinea as shown by the 
comparison between 6 '*O variations of planktonic and 
benthic Foraminifera. Freshwater discharges were low 
between 30 000 and 16 000 years except during short 
intervals around 22 000 years BP; they increased from 
13 600 years and became very large in the Holocene 
between 11 500 and 4 000 years; then they decreased 
rapidly. This evolution can be correlated with late 
Quaternary lake-level fluctuations in central Africa 
(Street. Grove, 1976) and particularly from the Chad 
basin (Servant, 1973; Maley, 1977) except for the 
incipient wet period dated to 13 600 years and which 
we interpret as being equivalent to the european Bolling- 
Allerod stages. Aridity was intense and widespread 
between 22 000 and 12 500 years in the intertropical 
zone (Burke et al., 1971), lakes levels were very low, 
semi-desertic conditions extended and eolian dune 
systems were well developped. Since 12 000 years. 
humidity became greater, lakes levels increased. The 
maximum of the lacustrine phase is dated to 8 000- 
9 000 years. The dry period still persisting today began 
around 4 000 years and was interrupted only in areas 
such as northwestern Sahara, Mauritania, Niger. Chad 
by short-lived wet episodes between 3 500 and 3 000 years 
and around 1 800 years. Since 3 000 years desertic 
conditions persist in the central part of Sahara. 

In core KW 31 during isotopic stage 3. 30 000 to 
23000 years, li lJC was rather constant. This is inter- 
preted as the consequence of low or moderate inputs 
of organic matter to the ocean (Thiede et al., 1974). 
This observation can be correlated with the sparse 
plant cover occurring at this period in the tropical 
Africa area (Street, Grove, 1976). As shown by Our 
results, increasing plant cover started around 12 500 years 
and extended probably around 1 1  500 years. 

Dry and wet phases alternations are marked on the 
continent by differential soils erosion in various geo- 
graphic areas of the wide drainage basin, such as different 
composition of the clay minera1 assemblages. During 
humid periods, kaolinite associated with goethite give 
evidence of erosion in the upstream parts of river basin 
and in the delta region, whereas smectite associated 
with chlorite and attapulgite reflect low erosion condi- 
tions during dry periods of downstream badly-drained 

related to increasing rainfalls and could be explained 
by overfiowing of lakes in previously separated drainage 
basins or by a sudden break of natural dams such as 
eolian dunes built during the arid period in the northern 
part of the Niger drainage basin. Nevertheless it seems 
more satisfying to suggest the occurrence of intense 
washing of soi1 formations at the onset of the Holocene 
pluvial period. The solid transport of a river can greatly 
Vary between dry and wet seasons. For the Rhone river 
(France) for example the ratio of solid transport is 
200 times higher during the pluvial season (Chamley, 
197 1 ). Moreover the highest quartz concentrations 
occurred just after the maximum dry period between 
11 500 and 14 000 years before the increasing sedi- 
mentation rate. 
In the inner part of gulf of Guinea freshwaters inputs 
rich in organic and particulate matters during humid 
periods have greatly influenced the oceanic conditions 
such as productivity and benthic environment. In the 
surface waters. the fertility decreased, in response to 
high turbidity and decreasing salinity which was in 
average 8 O I ,  lower during Holocene period. Good 
correlations have been shown between scarcity of 
planktonic foraminifera and dilution peaks occurring 
at 23 000 years. 12 000 years and lower part of Holocene. 
Frequencies variations of some species such as Glohi- 
gerinoides ruher, G .  succulijer, Glohoquudrinu dutertrei 
et Glohorotalia scitula can be interpreted only in terms 
of adaptation to environmental conditions. Test fragmen- 
tation interpreted as dissolution related to high organic 
matter content, is present in the entire section (Pastouret 
et al.. 1974). If dissolution had played an important 
role (disappearance of low resistant species) it would 
be difficult to explain the quite constant frequency of 
Glohorotuliu quinqurlohu during isotopic stages 3 and 2 
and on the other hand. its decreasing abundance during 
the Holocene since both low resistant species and 
organic matter inputs became more abundant. Dis- 
solution has probably in that case a minor influence 
only. 

At the bottom. environment conditions are greatly 
influenced by organic and detrital discharges originating 
from Niger. Oxygen isotopes data on benthic fora- 
minifera reflect the deep ocean conditions mainly related 
to ice sheet fluctuations. Carbon isotopes data have 
put in evidence very high organic carbon and benthic 
CO, production at the base of the Holocene (6 000- 
11 500 years). This event appears to be related to massive 
organic matter discharges and has been interpreted as 
a local efTect interesting the outer Niger delta zone. 
These discharges have influenced the benthic fora- 
minifera populations distributions. 

soils. On the other hand the unusual occurrence between 
33 000 and 25 500 years of.irregular illite-smectite and 
illite-vermiculite mixed-layers shows alteration of crys- Acknowledgements 
talline substratum outcropping in the middle-lower 
pan  of the Niger basin (Benin, Nigeria). 

The sedimentation rate is generally high ( 2 30 cm11 000 We wish to express our grateful thanks to R. Kerbrat 
years) except at the beginning of the Holocene who was in charge of the extensive technical laboratory 
when during 600 years at least it was exceptional procedures involved and N. Guillo-Uchard for typing 
( 2  600 cm11 000 years). This event appears to be the manuscript. The clay mineralogical study was made 



possible by the financial support provided by the Centre 
National pour l'Exploitation des Océans and the technical 
assistance of M. Acquaviva and C. H. Froget. The 
quartz and opal analyses were carried out by P. Price 
at the School of Oceanography of Oregon State Uni- 
versity, Corvallis, USA. These analyses and J. Thiede's 
work were effected with the support of CLIMAP 
(US-NSF grant ID0 75-22133). J. Thiede, in particular. 
wishes to acknowledge the hospitality of the Centre 
Océanologique de Bretagne (Cnexo) where this joint 
work was begun in 1973. A. Beauregard, J. Antignac 
and B. Le Coat were in charge of the isotopes analytical 
procedures. G. A. Auffret and G. Pautot read the 
manuscript and made helpful comrnents. 

We greatly acknowledge Professor Richard Reyment 
for his remarks and comments. 

We became acquainted after the manuscript was 
submitted with the existence of Nedeco (Netherlands 

Degens E. G., Hecky R. E., 1974. Paleoclimatic reconstruction 
of late Pleistocene and Holocene based on biogenic sediments 
from the Black Sea and a tropical African lake, in Les méthodes 
quantitatives d'étude des variations du climat au cours du Pléistocéne. 
Cnrs, 13-24. 
Delibrias G., Gasse F., Rognon P., 1973. Existence de lacs importants 
au Pléistocèpe Supérieur (34 000, 23 000 ans BP) dans l'Afar 
méridional (Ethiopie), C.R. Acad. Sc. Paris. 277, série D. 2633-2636. 
Diester-Haass L., Schrader H. J., Thiede J., 1973. Sedimentological 
and paleoclimatological investigations of two pelagic ooze cores off 
Cape Barbas, North-West Africa, "Meteor" Forsch.-Ergebn., R. C., 
16, 19-66. 
Duplessy J. C., 1972. La géochimie des isotopes stables du carbone 
dans la mer, thèse doct. ès Sci. Phys.. Univ. Paris-VI. 196 p. 
Duplessy J. C., 1978. Isotope studies, in Climatic changes, 
Cambridge University Press (in press). 
Duplessy J. C., Chenouard L., Reyss J. L., 1974. Paléotempé- 
ratures isotopiques de l'Atlantique Equatorial, in Les méthodes 
quantitatives d ëtude des variations du climat au cours du Pleisto- 
cène. Cnrs, 25 1-258. 

Duplessy J. C., Chenouard L., Vila F., 1975. Weyl's theory of 
glaciation supported by isotopic study of Norwegian core K 11, 
Science, 188, 1208-1209. 

Engineering Consultants) reports conceming inves- Duplessy J. C., Lalou C., Vinot A. C., 1970. Differential isotopic 
tigations on the Niger delta area. fractionation in benthic foraminifera and paleotemperatures reas- 

sessed, Science, 168, 250-25 1. 

, . Ellis D. B., 1972. Holocene sediments of the South Atlantic Ocean: 
the calcite compensation depth and concentrations of calcite, opal, 

. .  and quartz, MS Thesis. 77 p., School of Oceanography, Oregon 

REFERENCES State University, Corvallis, Oregon. 
Emery K. O., Niino H., Sullivan B.. 1971. Post-pleistocene levels 
of the East China Sea, in Late Cenozoic Glacial ages, edited by 
K .  K. Turekian, Yale University Press, 381-390. 

Bé A. W. H., Tolderlund D. S., 1971. Distribution and ecology 
of living planktonic foraminifera in surface waters of the Atlantic 
and lndian Oceans. in The Micropaleonrologv of  the Oceans, edited 
by B. M. Funnell and W. R. Riedel, Cambridge University Press, 
105-149. 
Berger W. H., 1976. Biogenous deep-sea sediments: Production, 
preservation and interpretation, in Chemical Oceanography, 5 
(2nd Ed.), edited by J. P. Riley and R. Chester, Academic Press, 
London, 265-388. 
Blanc F.. Blanc-Vernet L., Laurec A., Le Campion J., Pastouret L., 
1975. Application paléoécologique de la méthode d'analyse fac- 
torielle en composantes principales : interprétation des micro- 
faunes de foraminifères planctoniques quaternaires en Médi- 
terranée. II. Étude des espèces de Méditerranée orientale, 
Palaeogeogr., Palaeoclimatol., Palaeoecol., 18, 293-312. 
Bornhold B. D., 1973. Late Quaternary sedimentation in the 
Eastern Angola basin, Techn. Rep., Woods Hole Ocean. Inst., 213 p. 
Burke K., Durotoye A. B., Whiteman A. J., 1971. A dry phase 
south of the Sahara 20 000 years ago, West Afr. J. Archeol., 
Ibadan, 1,  1-8. 
Calvert S. E., 1966. Accumulation of diatomaceous silica in the 
sediments of the Gulf of California, Geol. Soc. Amer. Bull., 77, 
589-596. 

Chamley H., 1971. Recherches sur la sédimentation argileuse 
en Méditerranée, Sc. Géol. Strasbourg, mem. 35, 225 p. 
Chamley H., Diester-Haass L., Lange H., 1977. Terrigenous 
material in East Atlantic sediment cores as an indicator of NW 
African climates, "Meteor" Forsch.-Ergebn., R. C. (in press). 
Chamley H., Durand J. P., Trauth N., 1976. Interstratifiés kaolinite- 
smectite dans le Valdo-Fuvélien au toit de la bauxite des Alpilles 
(Provence), C.R.  Acad. Sc., Paris, 283 série D, 439-442. 
Cita M. B., Vergnaud-Grazzini C., Robert C., Chamley H., 
Ciaranfi N.. D'Onofrio S., 1977. Paleoclimatic record of a long 
deep-sea core from the Eastern Mediterranean, Quaternary Res.. 
8, 205-235. 
CLIMAP Project Members, 1976. The surface of the ice-age 
earth, Science. 191, 1131-1 137. 
Coope G. R., 1975. Climatic fluctuations in northwest Europe 
since the Last Interglacial, indicated by fossil assemblages of 
Coleoptera, In Ice ~ g e s :  Ancient and ~ o d e r n ,  Geol. J . .  sp~issue ,  
6, 153-168. 

Coope G. R., Morgan A., Osborn P. J., 1971. Fossil Coleoptera 
as indicators of climatic fluctuations during the last glaciation in 
Britain, Palaeogeogr., Palaeoclimatol., Palaeoecol., 10, 87- 10 1. 

Emery K. O.. Lepple F., Toner L., Uchupi E., Rioux R. H., 
Pople W., Hulburt E. M., 1974. Suspended matter and other 
properties of surface waters of the northeastern Atlantic Ocean, 
J. Sedim. Petr., 44, 1087-1 110. 

Emiliani C., 1955. Pleistocene temperatures, J. of Geology, 63, 
538-578. 
Flint R. F., 1971. Glacial and Quaternary Geology, J .  Wiley and 
Sons Inc., New York, 892 p. 
Faure H., Elouard P., 1967. Schéma des variations du niveau 
de l'Océan Atlantique sur la Côte de l'Ouest de l'Afrique depuis 
40 000 ans, C.R. Acad. Sc. Paris, 265, série D, 784-787. 
Gameson A. L. H., Barrett M. J., 1958. Oxidation, reaeration 
and mixing in the Thames estuary, Public Health Service R.A. 
Taft Sanit. Engineering Center, Tech. Rep., W 58-2, 63-93. 

Gardner J. V.. Hays J., 1976. Responses of sea-surface tempe- 
rature and circulation to global climatic change during the past 
200000 years in the Eastern Equatorial Atlantic Ocean, Grol. 
Soc. Amer. Mem.. 145. 221-246. 

Giresse P., Odin G:S., 1973. Nature minéralogique et origine 
des glauconies du plateau continental du Gabon et du Congo, 
Sedimentology, 20, 457-488. 
Goldberg E. D., 1958. Determination of opal in marine sediments, 
J.  Mar. Res., 17, 178-192. 
Goldthwait R. P., Dreimanis A., Forsyth L., Karrow P. F., 
White G. W., 1965. Pleistocene deposits of the Eirie Lobe. in 
The Quaternary of rhe Unired States. edited by H .  E. Wright, 
D. G. Frey, Princeton Univ. Press, 85-98. 
Griffin J. J., Windom H., Goldberg E. ~. , .1968.  The distribution 
of clay minerals in the World Ocean, Deep-Sea Res., 15, 433-459. 
Grove A. T., Street F. A., 1977. Global maps of Late Quaternary 
lake level fluctuations. X INQUA Congress, Birmingham, Abstr. 
vol., 185. 

Heath G. R., Moore T. C., Dauphin J. P., 1976. Late Quaternary 
accumulation of opal, quartz, organic carbon, and calcium 
carbonate in the Cascadia Basin area, Northeast Pacific, Geol. 
Soc. Amer. Mem., 145, 393-409. 
Heath, G. R., Moore T. C., Roberts G. L., 1974. Mineralogy of 
surface sediments from the Panama Basin, Eastern Equatorial 
Pacific, J. Geol.. 82, 145-160. 
Hecht A. D., 1976. An ecological model for test size variation 
in recent planktonic foraminifera: applications to the fossil record. 
J. of Foram. Res., 6, 4, 295-311. 
Klingebiel A., Boltenhaguen C., Caratini C., Debyser Y.. Delteil J .  R., 
Durand B., Étienne J., Huc A., Latouche C., Millepieds P., Parra M., 



Pujol C., Sauvan P., Sommer F.. 1975. Études stratigraphiques, 
sédimentologi<lues et géochimiqiies de sédiments carottés dans le 
golfe de Guinée au cours de la campagne Benin 1971, Bull. Inst. 
Geol. Bass. Aquit., 17, 101-232. 

Labeyrie J.. Duplessy J. C., Delibrias G.. Letolle R., 1967. Étude 
des temperatures des climats anciens par la mesure de l'oxygène 18 
d u  carbone 13 et du carbone 14 dans les concrétions des cavernes. 
in Radioactive duting and meihods of low level counting. IAEA, 
153- 160. 

Lemke R. W., Laird W. M., Tipton M. J., Lindvall R. M.. 1965. 
Quaternary geology of northern Great Planes, in The Quurernary 
of the C'nited S t u t e ~ .  edited by H. E. Wright, D. Ci. Frey, Princeton 
IJniv. Press, 15-28. 

Maley J., 1977. Paleoclimates of Central Sahara during the early 
HoIocene, Nature. 269, 573-577. 

Manabe S., Hahn D. G., 1977. Simulation of the tropical climate 
of an Ice Age, J. Geophys. Res., 82, 27, 3889-391 1. 

Millot G., 1953. Minéraux argileux et leurs relations avec la 
géologie, Rev. Inst. Franc. Pétr., 8, no spéc., 75-86. 

Millot G., 1964. Gkologie des Argiles. Masson, Paris. 499 p. 

Molina Cruz A., Price P.. 1977. Distribution of «pal and quartz 
on the ocean floor of the subtropical southeastern Pacific, Geulogy. 
5, 81-84, 

Moore T. C., Heath G. R., Kowsmann R. O., 1973. Biogenic 
sediments in the Panama Basin, J. Grol..  81, 458-472. 

Ninkovich D., Shackleton N., 1975. Distribution. stratigraphic 
position and age of ash layer "L" in the Panama basin region, 
Eurth Plunet. Sc. Lett. ,  27, 20-34. 

Paquet H., 1969. Évolution géochimique des minéraux argileux 
dans les altérations et les sols des climats méditerranéens et 
tropicaux à saisons contrastées, Mém. Serv. Carre Géol. AIS.- 
Lorr . ,  30, 212 p. 

Pastouret L., 1970. Étude sédimentologique et paléoclimatique de  
carottes prélevées en Méditerranée orientale, Tethys, 2, 1, 227-266. 

Pastouret L.. Melguen M.. Thiede J.. 1974. Sedimentation pléisto- 
cène dans le golte de  Guinke. Comparaison des données micro- 
paléontologiques et sédimentologiques. V I e  Colloque Africain de 
Micropuleontologie. Tunis (21 mars-3 avril 1974). in press. 

Porrenga D. H., 1966. Clay minerals in recent sediments of the 
Niger delta, Clays und Clay min., 14, 221-233. 

Richards F. A., 1965. Anoxic basins and fjords. in Chemical 
Oceunogruphy. 1, edited by Riley and  Skirrow. Academic Press. 

Ruddiman W. F., 1971. Pleistocene sedimentation in the Equatorial 

Atlantic: stratigraphy and faunal paleoclimatology. Geol. Soc. 
Amer. Bull.. 82, 283-302. 

Ryan W. B. F.. 1972. Stratigraphy of late Quaternary sediments 
in thc Eastern Mediterranean, in T/ic Merliterraneun Suu. u nuturul 
sedimrntution 1uhorutor.v. edited by D. J .  Stanley. I)owden, 
Hutchinson and Ross Inc.. Stroudsburg. USA, 149-170. 
Ryan W. B. F., Hsü K .  J. et ul . .  1973. In i t~u l  Reports of thç I k e p  
Seci I)rilling Proje<,t. 13, 1-2. US Ciovernment Printing Office. 
Washington IIC. 1-1447. 

Sarnthein M.. 1977. The sand deserts in peak glacial and inter- 
glacial. Science (in press). 

Sarnthein M.. Diester-Haass L.. 1977. Eolian sand turbiditcs, 
J. Sedrm. Perrol. (in press). 

Schott W., 1966. Foraminiferen Sauna und Stratigraphie der 
Tiefsee-sedimente in nordatlantischen Ozcan. Report Swedish Beep- 
Sru Exp.. VII, 8. 357-469. 

Schrader H. J., 1971. Ursache und Ergebnis der Auflosung von 
Kieselskeletten in den oberen Sedimentbereichen am Bcispiel 
zweier Kern-Profile vor Marokko und Portugal, Proc. 2nd Plunkt. 
C'onf. (Rome).  2, 1149-1 155. 

Servant M.. 1973. Séquencebconiinentaleset variationsclimatiques : 
évolution du bas\in du Tcliiid a u  ( 'énoroique supérieur. thcsr 
d 'É ta t .  Paris, 348 p. 

Servant M., Servant S.. Delibrias G., 1069. C'hronologie dii 
Quaternaire récent des babaeh regions du Tchad. ( ' . R .  Atrrd. S(-. 
Puris. 269, série D. 1603-1606. 

Shackleton N. J.. Opdyke N. D., 1973. Oxygen isotope and 
palaeomagnetic stratigraphy of Equatorial Pacific core V 28-238: 
oxygen isotope temperatures and ice volumes on a 10" year 
and 10" year scale. Quurernury Res., 3, 39-55. 

Siefermann G., Jehl Ç., Millot Ci.. 1968. AlIophanes et minéraux 
argileux des altérations récentes des basaltes du inont Cameroun. 
Bull. Gr .  ,frunq. Arg.. 20, 109-1 29. 

Street F. A.. Grove A. T., 1976. Environmental and climatic 
implications of Late Quaternary lake level fluctuations in Africa. 
.l'uture, 261. 385-390. 

Thiede J.. Pastouret L., Melguen M.. 1974. Sédimentation profonde 
au large d u  delta du Niger (golfe de Guinèe). C.R.  Atud. Sc. 
Paris. 278, série D. 987-990. 

Till R., Spears D. A., 1969. The determination of quartz in 
sedimentary rocks using an X-ray diffraction method. C'1~i.v.v und 
C'1a.y min., 17, 323-327. 

Weyl P. K., 1968. Theory of  ice ages, Meteorological monogruphs, 
8, 37-62. 


