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ABSTRACT

The mineralogical and geochemical study of a box-core recovered from the Cape
Verde Abyssal Plain (Tropical North-East Atlantic) has been carried out to identify
the African aeolian fingerprint, mainly in the 2-15 pm grain-size fraction. Together
with mineralogical data, the Ti/Al ratio in this size fraction appears to be an excellent
tracer of windborne particulate flux evolution. Our results indicate that acolian fluxes
have progressively decreased (by a factor of 7) since the last Glacial period, in relation
with the post-Glacial warming. The Lower Holocene is identified as a low-wind
transport period, with probable fluvial inputs, associated with the wet and warm
climatic optimum. The Upper Holocene is marked by a re-activation of wind transport.

Oceanologica Acta, 1989. 11, 2, 177-185.

RESUME

Evolution des flux éoliens sahariens dans la plaine abyssale du Cap
Vert, depuis la derniére période glaciaire

L’étude minéralogique et géochimique d’une carotte de type « boite » prélevée dans la
plaine abyssale du Cap Vert (Atlantique Nord-Est tropical) a été menée afin d’identifier
I’empreinte éolienne africaine, principalement dans la fraction granulométrique typique
des aérosols locaux (2-15 pm). Parallélement aux traceurs minéralogiques, le rapport
Ti/Al est un traceur fiable des flux éoliens particulaires. Les flux éoliens ont diminué
progressivement d’un facteur 7, depuis la derniére période glaciaire, en relation avec
le réchauffement post-glaciaire. L’Holocéne inférieur est caractérisé par un affaiblisse-
ment des apports éoliens, et des apports fluviatiles faibles mais non négligeables.
L’Holocéne supérieur est marqué par une légére ré-activation des apports éoliens.

Oceanologica Acta, 1989. 11, 2, 177-185.

INTRODUCTION

1981; Sarnthein et al., 1981-1982). The present-day
extension of African aeolian dusts reaching the Atlantic
Ocean has been particularly studied, and the origin of

4

Aceolian input to oceanic sedimentation is today a well-
established fact, but it is comprehensively documented
only in oceanic areas at the latitude of major deserts:
Gobi, Sahara, Australia (Chester et al., 1979; Tetzlaff
and Wolter, 1979; Prospero, 1981; Heath and Dymond,

these particles has been determined by using mineralog-
ical and geochemical criteria: the presence of quartz
and clay minerals (Biscaye, 1965); Sr isotope ratios
(Biscaye et al., 1974; Grousset et al., 1986); the abun-
dance of elemental tracers such as Sc, Al, Th (Buat-
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Menard and Chesselet, 1979). Close to Mauritania and
Senegal, these aeolian components were clearly identi-
fied in margin sediments of the Atlantic Ocean by
Sarnthein et al. (1982).

One unanswered question concerns the westward exten-
sion of this atmospheric input fingerprint in the sedi-
ment, since the last Glacial period. There is evidence
that such a fingerprint can be found at distances greater
than 1500 km from the African coasts. Indeed, it has
been shown that quartz particles account for 5% of
the surface sediment terrigenous fraction settling over
the Mid Atlantic Ridge (MAR), close to 20°N (Beltagy
et al., 1972). This suggests that information on aeolian
sediment deposition and atmospheric circulation may
be obtained on the scale of the entire North Atlantic.

In this work, an attempt is made to determine paleo-
aeolian flux variations in deep-sea sediments of the
tropical North-East Atlantic Ocean, over the last
18,000 years B.P. For this purpose, we have selected a
specific area, without any down-slope or bottom cur-
rent transports (Jacobi and Hayes, 1981). In such an
area, detrital sediments should be primarily derived
from the aeolian contribution. Data presented here
were obtained from the “Abyssal Plate” in the Cape
Verde Abyssal Plain, where previous work suggested a
major aeolian contribution to this area (Auffret et al.,
1984; Boust and Mauviel, 1985).

It is still possible, however, that in the past, river-
derived inputs reached this region, either through
down-slope processes (from the Senegal and other
rivers) or {rom remote sources (Niger River), by inter-
mediate water-mass advection. These rivers have drai-
nage basins which are geographically distinct from
areas eroded by both “Trade” and “African Easterly
Jet” winds. Thus, it can be hypothetized that fluvial
and aeolian signatures are geochemically different.

For the area studied, information is available concern-
ing the present-day mineral dust input from the atmos-
phere. Two aerosol sampling cruises (“Gate” and
“Midlante), permitted the chemical characterization
of the African aerosol input (Buat-Menard, 1979).
However, calculated atmospheric fluxes during these
cruises were shown to vary by one order of magnitude
between two stations separated by only =600 miles of
latitude. Because of their limited representativity, it is
not possible to use such data to assess quantitatively
the aeolian contribution to the Post-Glacial sedimen-
tation in this region. Moreover, aeolian fluxes are sub-
mitted to short-period fluctuations (Savoie and Pro-
spero, 1977), and may in the course of a single year,
fluctuate by a factor of 30 (Prospero and Nees, 1977)
from one week to another.

The only way to obtain the long-term trend is to study
a sedimentary core, in which paleo-aerosol signals are
integrated and short-term variations smoothed. We
investigate with various techniques (grain-size, minera-
logy, geochemistry) some specific acolian parameters,
and use them as paleo-input tracers. They include, for
example, the Ti/Al ratio, already described by Boyle
(1983) as a good aeolian tracer, or some elements which
are enriched in Saharan dusts (Glaccum, 1978), such
as: Cr, Cu, Ti, Sc or P.
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Figure 1

MA-3 core location.
Localisation de la carotte MA-3.

SAMPLING AND METHODOLOGY

Core MA-3 was sampled during the “Dialante” cruise,
aboard the R/V ‘“Marion Dufresne”, in the position
19°24'N and 29°44'W, at a depth of 4910 m (Fig. 1).
This core is located on the top of a small seamount,
rising to about a300 m, above the surrounding Cape
Verde abyssal plain. The area is located half-way
between the continent and the MAR (&~ 1500 km from
each). The distance from the continent restricts poten-
tial advective inputs, as confirmed by the low nepheloid
layer context (Biscaye and Eittreim, 1976) and echo-
facies patterns (Jacobi and Hayes, 1981; Sarnthein
et al., 1982). Moreover, this core is located in an area
known to be quartz-enriched (Johnson, 1979), or rich
in terrigenous silts (@ > 6 um) (Sarnthein and
Koopmann, 1980), interpreted as windborne com-
ponents. According to Mauviel et al. (1982), 2!°Pb
measurements made in one neighboring core KG-40
(just 1 km distant), suggest that the mean bioturbation
mixing depth is about 1 cm. Although this evaluation
may be underestimated, it is nevertheless assumed that
the sediments are not greatly disturbed and, conse-
quently, that the paleo-aerosol imprint sequence must
be preserved in the studied core.

Core MA3 was sampled with an undisturbing box-
corer (interface-core sampler), which permits proper
sampling of the first millimetre of the water/sediment
interface (Veron et al, 1987). The core length was
about 32 cm, with a section of ~7.5x 10 cm. Layers
2 cm thick were sliced on board and stored at tempera-
ture of 4°C.

The following analyses were carried out:

— interstitial water content, gravimetrically measured
before and after drying at 60°C;

— carbonate content (%,CaCOj;), measured with a gas-
volumetric method;

— grain-size of the detrital fraction;

-- mineralogical study (X-ray diffractometry) of major
minerals (powder method) and of clay minerals (orient-
ed-paste method);

— major element (Si, Al, Fe, Mn, Mg, Ti, K, P) and
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trace element (Cu, Zn, Ni, Zr, Rb, S, Cr, Co, Nb) ana-
lyses were carried out by X-ray fluorescence, on bulk-
dried and crushed samples. The biogenic silica contents
were graphically-deduced from Sivs. Al plots. The
detrital carbonate contents were graphically-deduced
from CaCQOj; vs. total CaO plots. The oxidizing condi-
tions which prevail in those sediments (Boust and
Mauviel, 1985) allow us to consider that the chemical
behaviour of some elements (Ti, Al, etc.) is not affected
by diagenesis. Such elements may thus be considered
as source tracers.

Lastly, we analyzed the same elements in six different
grain-size fractions (0-2 pm, 2-6 pm, 6-10 um, 10-
15 um, 15-63 um and = 63 pm) after a gentle 0.1 N-
HCl-leaching of the carbonate content. We checked
with a microprobe that this attack was gentle enough
to avoid any clay mineral deterioration. These grain-
size fractions were broken up by sieving and decanta-
tion, followed by a Sedigraph Coultronics Analyzer
control (Baudel, 1985).

— The study of planktonic foraminifera species
(method in Pujol (1980)), and 430 and 9'3C measure-
ments on G. Trilobus, gives us a preliminary strati-
graphic scale. From these data, it was then possible to
evaluate carbonate-free fraction sedimentation rates.
For a given period, fluxes (in g.cm™2.ky!) are calcu-
lated from the corresponding sediment thickness, the
pore-water content, and by assuming a mean density
for the terrigenous particles of about ~2.65g.cm™3.

RESULT

The sediment is very homogeneous, and consists of a
fine-grained brown ooze, mainly composed of plank-
tonic foraminifera and calcareous nannoflora. We did
not observe any structure. The terrigenous silty fraction
(=2 pm — 63 um) does not exceed ~ 6%, and the terri-
genous sand fraction (& > 63 um) was found to be
negligible.

o The biostratigraphic analysis of planktonic forami-
nifera led us to distinguish three different units, bound-
aries of which are inferred from 6'®0/*°0 data (Fig. 2):

— the level 15,000 yrs B.P. is located close to the core
bottom (=& —30 cm); the “termination IA” (13,000 yrs
B.P.; after Pujol, 1980) could be located around
~ —28 cm; and the “Termination IB” (9,000 yrs B.P.)
close to ~—10cm. According to these three dated
events, it is possible to propose the following main
stratigraphic unit ages:

— the “Late Glacial” period (15,000 to ~11,000 yrs
B.P.): unit A. In this area, we know that Globorotalia
Menardii appeared close to 11,000 yrs. B.P. (Pujol,
1980);

— the “Lower Holocene” (211,000 to ~6,000 yrs
B.P.): unit B. Tropical planktonic species reach their
largest amount for this period,;

— the “Upper Holocene” (~6,000yrs B.P.-today):
unit C.

- It is thus possible to evaluate the mean accumulation

rate: ~1cm.ky ™, for the entire Holocene period. This
value is in good agreement with previous evaluations
proposed for this region: 0.93 cm.ky~! (Peterson
et al., 1972) or 0.9 cm. ky ! (Mauviel et al., 1982). The
Late Glacial accumulation rate (unit A) is four times
the Holocene one: ~4.5cm.ky 1.

Table 1

Mineralogy of the clay-size (& < 2 um) detrital fraction (S =smectite,
K=kaolinite, C=chlorite, I=illite, A= attapulgite).

Minéralogie de la fraction détritique argileuse (J < 2 pm) (S =smec-
tite, K =kaolinite, C=chlorite, I=illite, A =attapulgite).

Levels Kaolinite Illite Smectite Chlorite Attapulgite
(em) (%) (%) (7) (VA] VA]

0 41 20 20 11 8

1 39 24 18 9 9

3 40 22 19 11 8

5 41 24 18 10 9

7 40 25 19 10 7

9 40 23 22 9 6
1 44 22 20 9 6
13 49 19 21 7 5
15 56 17 16 7 5
17 43 20 23 9 6
19 47 23 14 11 5
21 45 23 17 10 5
23 46 23 14 12 5
25 44 24 16 12 5
27 40 22 21 11 5
29 38 25 22 9 6
31 37 22 26 12 3

® Main minerals are : carbonate (58-81%;), clay min-
erals (16-38%;) and quartz (3-9%;). Allochtonous detrital
carbonates account for less than 4%, of the bulk sedi-
ment (Tian, 1984). The small biogenic opal con-
tent —diatoms and radiolarians —decreases from 3.6%
(unit A) down to 0.8% (unit C). Clay minerals are:
kaolinite (37-56%), illite (17-25%), smectite (14-26%)
and chlorite (7-12%;; Tab. 1). Palygorskite (attapulgite)
seems to be a minor mineral (3-9%,). Whereas units A
and C have a quite similar mineralogical composition,
unit B is comparatively poorer in illite (and poorer
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Table 2

Major element concentrations ($;) in every 2 cm core segment of bulk sediment.
Evolution verticale des teneurs pondérales de quelques éléments majeurs dans le sédiment total (7).

Levels Si Al Fe Mn Mg Ti K P Ti/Al
(cm) (%) %) () (%) (%) (%) (%) %)
0 22.5 1.5 34 0.092 4.28 0.26 0.17 0.21 0.035
1 21.9 7.2 3.6 0.1 4.49 0.28 0.18 0.22 0.039
3 24 8.1 3.6 0.1 4.9 0.28 0.17 0.24 0.035
5 22.4 7.7 33 0.092 5.38 0.24 0.1 0.23 0.031
7 30.3 8.5 3.75 0.1 6.19 0.27 0.13 0.32 0.032
9 28.9 9.8 3.9 0.123 7.6 0.27 0.04 0.405 0.028
11 30.5 9.5 4.2 0.131 7.29 0.31 0.08 0.4 0.033
13 + 27,6 9.1 3.7 0.115 6.14 0.28 0.17 0.475 0.031
15 24.3 7.6 3.6 0.108 4.52 0.29 0.37 0.26 0.038
17 25.1 9 4.3 0.123 4.72 0.36 0.415 0.2 0.040
19 25.2 9.2 4.55 0.146 4.2 0.38 0.48 0.21 0.041
21 26.7 8.5 4.1 0.131 4.66 0.33 0.35 0.24 0.039
23 25.7 7.8 38 0.123 4.15 0.31 0.35 0.23 0.040
25 23 8.6 3.55 0.123 4.42 0.29 0.34 0.22 0.034
27 27.9 9.5 4.3 0.154 4.88 0.35 0.42 0.22 0.037
29 24.3 8.9 4.1 0.139 2.84 0.33 0.41 0.27 0.037
31 27 9.7 S 0.162 4.57 0.41 0.58 0.2 0.042
Table 3

Trace element concentrations (ug.g~!) in every 2 cm core segment of bulk sediment.
Evolution verticale des teneurs pondérales de quelques éléments traces dans le sédiment total

(ng.g™ Y.
Levels
(cm) Nb Cu Zn Ni Zr Rb Cr
0 81 190 105 53 130 176 58
1 62 198 105 73 136 193 46
3 58 205 107 70 154 202 66
5 . 69 209 89 65 138 205 66
7 75 269 104 72 162 242 62
9 115 323 109 90 200 269 54
11 94 352 144 9 196 282 55
13 82 252 121 74 186 239 46
15 70 213 105 105 164 191 56
17 69 204 111 181 185 194 59
19 70 192 114 91 190 200 73
21 72 211 122 82 180 207 61
23 61 196 118 97 174 191 53
25 66 180 109 76 154 157 53
27 71 215 123 91 176 218 49
29 65 203 108 81 168 183 68
31 62 234 121 109 191 218 69

still in chlorite) and richer in kaolinite; however, this
anomaly is slightly shifted downcore, starting before
the end of unit A. Lastly, smectite and kaolinite are
mostly located in fine fractions, and illite is more abun-
dant in the silty fraction.

® Major elements are nearly constant over the entire
core length (Tab. 2). However, their relative propor-
tions differ from one period to another. This is the
case of Ti/Al and Si/Al. Some enrichments are also
observed in unit B: & +25% for Si, or ~ +100% for
P. Moreover, Si, K and Ti are more abundant in the
2-15 pm grain-size fraction.

e Trace elements display too little variability (Tab. 3),
except perhaps for Rb, Nb and Cu-—which appear
enriched during unit B if they are expressed on a
carbonate-free basis. Chemical analyses performed on
the decarbonated grain-size fractions (Tab. 4), indicate
that Al, Fe and Th are more abundant in the clay-size
fraction, Cs in the 2-6 um fraction (unit B), Ti in the
10-15 um fraction, and Si, K, Ti, Rb, Cu, Zr, Nb, and
Th in the 2-15 pm grain-size fraction. In the discussion,
we shall exclude some labile elements such as Fe, Mn,
K, which seem to be enriched in the bottom core
and cannot therefore be used as source tracers (Boust
et al., 1988).

e 87Sr/85Sr ratio measured in the detrital (carbonate-
free) fraction of the top centimetre of the core, is about
0.72125 (Grousset et al., 1986).

e Terrigenous (®,) and biogenic (®,) fluxes
(Tab. 5): Terrigenous fluxes are approximately
~1.75g.cm™%.ky" ! during unit A; they decrease
down to 0.45 g.cm~2.ky ! during unit B, and do not
exceed 0.26 g.cm~2.ky™! during unit C. Since the
Late Glacial period, these fluxes have therefore de-
creased by a factor of 7. Carbonate fluxes decrease
in the same way (from ~3g.cm 2.ky ! down to
~0.45g.cm™2.ky™!), except for unit B, where ®,/®,
is almost twice as low as during the two other periods.

DISCUSSION

From these data, a series of questions arise: Why have
fluxes decreased since the Last Glacial maximum? why
are units A and C quite similar and why is unit B
different from the other two? Is there an alternation in
particle sources, in transport mechanisms (wind, river,
currents), or an aeolian input weakening? In the follow-
ing discussion, flux evolution as well as geochemical
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and rnineralogical criteria will be used to explain tem-
poral patterns observed.

Hypothesis on flux temporal evolution

Is it possible to evaluate the aeolian flux evolution
from the detrital flux values? Detrital flux values
(Tab. 5) display a decreasing trend since the last Glacial
period. This terrigenous flux decrease may be explained
by two different processes:

e First hypothesis: the flux decrease is mainly induced
by a diminishing shelf (and fluvial) input. In this case,

Table 4

.

On the other hand, rivers were active during unit B:
climate was much wetter than today and the Senegal
River detrital output was certainly higher
(Sarnthein et al., 1981). Thus, the continent at that
latitude was probably covered by more vegetation,
which is a limiting factor for aeolian erosion.

But in none of the three units do we observe any
turbiditic or current transport-derived structure which
could have been induced by similar advective inputs,
This implies that only the distal extremity of turbidity
currents could have reached the studied area: such
particles have too small a grain-size (J < 10 pm) to

Major (%) and trace element (ug.g~ ') contents in five decarbonated grain size fractions (0-2 pm, 2-6 um, 6-10 pm, 10-
15 pm, 15-63 um). Analyses were carried out on three different core sections corresponding to the three units.

Teneurs en éléments majeurs (%) et traces (ug. g~ 1) dans cing fractions granulométriques décarbonatées de la phase
terrigéne (0-2 um, 2-6 um, 6-10 um, 10-15 pm, 15-63 um); les analyses ont été réalisées sur les trois segments de carotte

correspondant aux trois unités.

Si Al Fe Mn Mg Ti K P
(%) (%) %) (V] %) (VA] %) (%)
Unit C:
0-2 pm 23.6 10.4 7.6 0.048 1.58 0.74 2.47 0.092
2-6 pm 26.9 9.7 5.7 0.046 1.61 0.8 2.51 0.07
6-10 pm 31.6 7.2 4.6 0.042 1.02 0.83 22 0.066
10-15 pm 34.4 5.9 3.8 0.046 0.64 0.85 1.87 0.07
15-63 pm 33 6.5 4 0.043 1.05 0.51 1.88 0.062
Unit B:
0-2 pm 222 11.4 8.2 0.044 1.97 0.77 2.51 0.092
2-6 pm 26.8 9.6 6.3 0.043 1.49 0.84 2.56 0.07
6-10 pm 32.2 7 44 0.044 1.03 0.77 2.03 0.066
10-15 pm 35.1 5.3 3.9 0.054 0.55 0.93 1.72 0.066
15-63 pm 329 6.5 42 0.041 1.24 0.46 2.03 0.066
Unit A:
0-2 pm 22.7 11.2 8.4 0.049 1.51 0.83 242 0.084
2-6 pm 28.1 9.1 5.6 0.05 1.36 0.76 2.27 0.07
6-10 pm 324 6.9 45 0.049 0.8 0.77 2.11 0.07
10-15 pm 349 5.4 4.1 0.059 0.55 0.86 1.75 0.066
15-63 pm 33.3 7.3 3.5 0.035 0.85 0.53 1.82 0.066
Nb Cu Ba Zn Ni Zr S Cs Ca Cr Rb
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Unit C:
0-2 pm 49 109 393 124 58 107 721 14 5.3 112 163
2-6 pm 47 100 629 113 62 117 528 0.1 6.5 96 156
6-10 pm 52 96 555 96 47 177 331 4.6 6 65 148
10-15 pm 56 90 462 76 34 331 315 0.1 114 67 127
15-63 pm 36 93 502 85 3 109 263 8.2 1.1 49 144
Unit B:
0-2 pm 52 124 578 128 65 111 711 0.1 14.8 116 164
2-6 pm 56 105 819 118 60 120 551 12.3 12.4 106 167
6-10 pm 56 101 728 97 45 176 394 5.4 43 66 140
10-15 pm 60 92 536 67 34 381 356 12 0.1 74 121
15-63 ym 37 103 534 85 41 139 312 0.1 0.1 48 146
Unit A:
0-2 pm 58 118 909 116 59 117 727 0.1 12.3 104 158
2-6 um 50 142 1246 119 57 126 571 3.9 3.8 77 160
6-10 pm 49 92 832 88 41 169 403 0.1 10.2 63 136
10-15 pm 52 86 732 69 30 338 320 3.2 4.1 61 124
15-63 ym 31 90 542 69 34 150 297 0.1 5 49 120
Table 5

we have to assume that the inputs reached the studied
area via down-slope processes, and were not determi-
ned by surface water primary productivity. Indeed,
such down-slope processes took place along the margin:
Sarnthein and Diester-Hass (1977) determined that dur-
ing the Last Glacial maximum, Senegal slopes were fed
by aeolian silty and sandy turbidites, originating on
the outershelf. Close to 18,000 yrs B.P., this boundary
was the shoreline and aeolian sand dunes were built
along the shelf. This process may explain why the unit
A flux is seven times larger than that of unit C (Tab. 5).

Terrigenous (J,) and biogenic carbonate (,) fluxes for the three
main units. Fluxes are derived from water-content-free accumulation
rates, and expressed in g.cm™2,10% yrs~ 1.

Flux terrigénes (0,) et flux biogénes carbonatés (0,) dans les trois
unités majeures (les flux sont calculés 4 partir des taux de sédimen-
tation corrigés de la temeur en eau, et sont exprimés en
g.cm™2,10% yrs™ ).

Terrigenous Biogenic
Units Fluxes (J,) Fluxes (J,) BB,
(& 0.26 0.45 0,578
B 0.45 1.25 0,360
A 1.75 3.00 0,583
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be able to build any structure. In any case, down-slope
inputs could alone explain the detrital flux evolution.
Unit B only may have been concerned by a slight
fluvial component, but we cannot evaluate the fluvial/a-
eolian detrital flux proportions.

e Second hypothesis: the main transport mechanism for
detrital particles was wind transport, even 1,500 km off
continental coasts. At least for unit C, a windborne
signature is confirmed by isotopic tracers: the 87Sr/26Sr
ratio measured in the carbonate-free fraction of the
top centimetre of the core (&0.72125), is consistent
with the Saharan aerosol isotopic signature:
~0.717/~0.721 (Biscaye et al., 1974), and very dif-
ferent from the present-day Senegal River sediment
value: 0.72858 (Biscaye et al., in prep.). Consistent
results were obtained with neodymium isotopes (Grous-
set et al., 1988).

In this hypothesis, aeolian particles have to pass
through surface watermasses where biological primary
productivity takes place. As the primary productivity
is relatively high in this area: ~60 mg.C.m™2.day !
(Berger et al., 1986), these particles are immediatly
incorporated into large particles —fecal pellets and bio-
aggregates (Honjo, 1982). The residence time of large
particles is certainly short (Bruland and Coale, 1986).
This rapid sinking is a limiting factor for potential
watermass re-advection and scattering. Then, we may
assume that sedimentary flux patterns reflect faithfully
aerosol patterns and that the ®, evolution is mainly
controlled by primary productivity evolution. Thus, the
observed flux decrease should be induced by a wind-
borne particle flux decrease. This is supported by data
reported eastward by Muller and Suess (1979): produc-
tivity decreased progressively from the Last Glacial
period (£200g.C.m™2,yr™1), throughout the lower
Holocene (=~150g.C.m 2.yr™!), and down to
~75g.C.m~2,yr!, today. This is also consistent
with the CaCO, flux evolution (Tab. 5): this biogenic
flux decreased from ~3 g.cm~2.ky~! during the late
Glacial, down to 0.45 g.cm™2.ky ! during the Upper
Holocene. The possibility of a CaCO; dissolution is
rejected: Boust and Mauviel (1985) demonstrated that
this process is extremely weak in this area.

Now, we have to understand why we observe such a
terrigenous flux depletion in unit B, compared to
unit A. We must assume that wind transport decreased
strongly during unit B (lower Holocene), 1,500 km off
the Senegal coast. This is probably a remote echo of
the slowing down of the “African Easterly Jet” wind
regime which occurred during this period. On the basis
of a pollen analysis, Rossignol and Duzer (1979) have
already reported the existence of such an event close
to the Senegal coast, between =~12,000 and
~ 5,500 yrs B.P. Moreover, African “Melosira” (lacu-
strine diatoms) were studied in a neighbouring (18°N-
21°W) core: V30-49 (Pokras and Mix, 1985). These
authors report a similar abundance curve, displaying
depletion during unit B. These diatoms are mainly
transported by wind from Africa (Folger, 1970). Their
size is smaller than ~20 pm: this is consistent with
the detrital particle size range that we found in core
MA-3. Thus, biological tracer evolutions are in agree-

ment with mineralogical and geochemical information
and would reflect the paleo-aeolian input fluctuation
since the last Glacial period.

Now, in order to choose between these two hypotheses,
we have to take into consideration information pro-
vided by both mineralogical and geochemical para-
meters.

Information provided by mineralogical parameters

In Saharan dusts settling today over the Cape Verde
Basin, the main minerals are kaolinite (~25%), illite
(~22%) and smectite (~19%) (Prospero et al., 1970;
Glaccum, 1978). Illite is abundant in the “Trade” dusts
and kaolinite and smectite are the main components
of the “African Easterly Jet” aerosols (Prospero, 1981;
Sarnthein et al., 1981). In the sediment, we found these
minerals in the same proportions (Tab. 1), except for
kaolinite, which is too abundant (&44%) compared to
present-day aerosol data, mainly during unit B. On the
time-scale covered by this study, we may exclude the
possible effect of diagenesis on the clay minerals and
consider them as ‘‘quasi-conservative” tracers
(Biscaye, 1965). We may explain this excess by a wind
trajectory shift, inducing aerosol deflation over a dif-
ferent source area. But it is still possible that a slight
complementary advective input came from African
rivers: e.g. the Senegal River, in where the kaolinite
content is today about 399, (Gac and Kane, 1986).
Some authors even suggested a possible Niger River
contribution (Biscaye, 1965; Lange, 1982).

Finally, we used the graphic-method from Windom
(1969), which involves deducing the aeolian contribu-
tion through the present-day aerosol mineralogy and
sediment mineralogical composition. Here, the authi-
genic attapulgite (Bonté et al., 1980; Tian, 1984) is con-
sidered as the non-aeolian parameter. We obtain the
following evaluation: ~80% of the carbonate-free frac-
tion would be transported by wind during units A and
C, but only =60% during unit B. These results are
consistent with the interpretation proposed above.

Information provided by geochemical tracers

First, we have attempted to recognize, in the sediment,
some specific aeolian geochemical tracers. These tracers
were sought mainly in the same grain-size range as in
the Saharan aerosol.

The mean grain-size of the aerosol settling over Cape
Verde Islands is about a10-20 pm, and decreases to
~2-4 pm over the MAR (Gac et Travi, 1984). Our
core is located between these two areas: thus, the grain
size fraction which must contain the major aeolian
contribution ranges between ~2 um and &~ 15 pm, This
is much coarser than the local fluvial contribution:
indeed, ~90%; of the present-day Senegal River parti-
cles are smaller than 2 pm (Gac and Kane, 1986).
Moreover, in terms of fluxes, the present-day Saharan
aeolian flux is about 70.10° tons/year (Gannor and
Maname, 1982), when the Senegal River suspended
matter flux is currently about 2. 10° tons/year (Gac and
Kane, 1986). Thus, most of the 2 to 15 pm particles are
in all likelihood windborne.
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In core MA3, the Ti/Al ratio reaches its maximum
value in the 6-15 pm fraction (up to ~0.17). This size
range is very similar to the present-day aerosol grain-
size range over this region. In these aerosols, Ti/Al
reach values as high as 0.07 (after Prospero, 1981).
High during unit A (0.038+/—0.001), the Ti/Al ratio
decreased during unit B (0.031+/—0.001) and rose
again during unit C (0.035+/—0.002; Fig. 3). Ti/Al
ratios in units A and C are very similar to the tropical
aerosol ratio: 0.073 (Tiand Al values from
Prospero, 1981). We must refer to the African lacu-
strine diatom abundance curves reported by Pokras
and Mix (1985) in the Tropical North-East Atlantic,
which are extremely similar to our Ti/Al curve. This is
an independent parameter which supports the aeolian
significance that we claim for the Ti/Al ratio. More-
over, this evolution is also observed with other ratios:
Nb/Al or Cu/Al (Fig. 3). For this last ratio (Cu/Al),
for example, units C and A display “high” values
(~10.107%) similar to aerosol ratios: ~14.5.107%
(after Prospero, 1981); conversely, unit B displays
“low” values (x6.5.10"4) close to the present-day
suspended particulate matter of the Senegal River:
~4.107* (after Gac and Kane, 1986). This event can-
not be explained by diagenetic processes: there is no
typical redox anomaly at that depth (Tian, 1984; Boust
and Mauviel, 1985).

As reported by Glaccum (1978) in Saharan dusts,
Ti, Cr, Cu, Sc and P are enriched in the =~2-15pum
fraction. Moreover, this author reports a Si/Al ratio
equal to ~2.95, and we find in the sediment, values
from ~2.7 to 3.5 (Tab. 2), while this ratio is only
about 1.86 in the Senegal River (after Gac and
Kane, 1986). On the other hand, we observe a negative
correlation between Ti/Al and Si/Al. Obviously, biog-
enic silica is excluded in this comparison. Si appears
to be associated with the fine grain-sized fraction, pre-
ferentially carried out by rivers: here, perhaps, the
Senegal River (Sarnthein et al., 1981). Among the only
elements in the aerosols with soil-like enrichment fac-
tors is Ti, when elements with rock-like enrichment
factors include Si (Rahn, 1976). Thus, Ti tends to char-
acterize the aeolian input inherited from a petrographi-
cally more “basaltic” province, enriched in Ti-rich soil
minerals (ilmenite) and located in the central and sou-
thern part of Sahara, compared to more “acidic” rocks
which are drained by rivers in the western part of
Sahara.

Together with this explanation, it is still possible that,
during unit C, the African lateric soil pattern shifted
latitudinaly, inducing a slight change in the aerosol
geochemical signature. At the same time, the vegetal
cover spread northwards, probably inibiting the aeolian
deflation. Further investigation on the continent will
be necessary to clarify this matter.

For these numerous reasons, we prefer the second of
the hypotheses proposed above. Thus, we propose that
aeolian fluxes were really high during unit A (seven
times the present-day value). On one hand, this discrep-
ancy was predicted by theoretical models
(Joussaume, 1983); on the other, Petit et al. (1981)
reported that Glacial aeolian fluxes in the South Pole
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Ti/A.l, Cu/Al and Nb/Al ratios: down-core evolutions.
Evolution verticale des rapports pondéraux : Ti/Al, Cu/Al et Nb/AL

ice-cap were 10 times greater than today, and Thomp-
son and Mosley-Thompson (1981) reported an enrich-
ment factor of 12 in the Greenland ice-cap. Conversely,
B unit corresponds to a highly wet event —the climatic
optimum —, occurring shortly after the extremely dry
Glacial maximum period (Sarnthein et al., 1981).
Moreover, pollen analysis of some Senegal shelf and
slope cores allowed Rossignol and Duzer (1979), to
identify a strong decrease in aeolian fluxes, and a
Senegal river input enhancement. In the same way,
Pokras and Mix (1985) observed a strong windborne
lacustrine diatom decrease in core V30-49, induced by
a rising African lake level. We observe the same evolu-
tion in a more remote part of the Ocean.

CONCLUSION

e 1500 km from the African continent, deep sediments
of the Cape Verde abyssal plain received windborne
particles emitted by the Saharan desert area. The geo-
chemical signature of this aeolian input has been
recognized in sediments, mainly in the grain-size range
corresponding to that of the present-day regional aero-
sol (~2 um-15 um). The Ti/Al ratio can be used as an
aeolian input index. In this regime, it was not possible
to distinguish any aeolian fluctuation with only litho-
logy, structure, facies or other classical observations.

e We recognized three main periods:

— the Late Glacial period (~15,000-
211,000 yrs B.P.) characterized by an aeolian flux
which was 7 times the present-day flux. As suggested
eastward by Diester-Hass (1976), atmospheric input
may explain entirely the unit A detrital flux;

— the Lower Holocene (=11,000-= 6,000 yrs B.P.),
during which the aeolian input decreased, while a flu-
vial component occurred;
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— the Upper Holocene (26,000-~today), marked by
a wind transport activation, without any riverine input.
The Upper Holocene detrital flux was about
~260 mg.cm~2.ky~!. This is consistent with present-
day acolian fluxes, which are situated within a range
of ~140 and 700 mg.cm~2.ky~! (Ku et al., 1968).

e The paleo-aerosol imprint memorized in such a
remote abyssal plain has only a latitudinal significance,
and cannot be extended to the entire Ocean. For
instance, during the Lower Holocene, we observed that
wind transport over the Atlantic Ocean was weak at the
trade latitudes (& 10°-30°N), whereas in the westerlies
(~40°-60°N), it was enhanced both in the North Atlan-
tic (Grousset and Chesselet, 1986) and in the North
Pacific (Janecek and Rea, 1986).
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