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Abstract. Opal content and diatom assemblages were analdl Introduction
ysed in core GeoB4905-4 to reconstruct siliceous produc-
tivity changes in the eastern Gulf of Guinea during the lastA substantial part of the ocean’s primary productivity is sup-
40000yr. Opal and total diatom accumulation rates pre-ported by diatoms (Eguer et al., 1995). At the global ocean
sented low values over the considered period, except durscale, diatom productivity primarily depends on the avail-
ing the Last Glacial Maximum and between 15000 calendarability of dissolved silica (DSi) as diatoms need DSi to build
years Before Present (15 cal. ka BP) and 5.5 cal. ka BP, theneir frustule. This explains why diatoms are dominant in the
so-called African Humid Period, when accumulation rates of Southern Ocean, the North Pacific, coastal zones, and low-
brackish and freshwater diatoms at the core site were highratitude upwelling systems where high stocks of DSi prevail.
est. Conversely, accumulation rates of windblown diatomsDissolved silica stocks in coastal zones mainly result from
exhibited an opposite pattern with higher values before andsediment remobilisation and riverine input, while DSi stocks
after the African Humid Period and greatest values duringin the North Pacific, Southern Ocean and upwelling systems
Heinrich Events, the Younger Dryas and since 5.5 cal. ka BPare a consequence, at first order, of the marine silica cycle
Our results demonstrate that siliceous productivity in theand global ocean circulation (Ragueneau et al., 2000). Con-
eastern Gulf of Guinea was directly driven by the nutrientversely, diatoms are less competitive in oligotrophic tropi-
load from local rivers, whose discharges were forced bycal gyres where high sea-surface temperatures and low DSi
precipitation changes over western Equatorial Africa and/orstocks limit silica uptake by diatoms (Hildebrand, 2000;
modification of the fluvio-deltaic systems forced by sea level Martin-Jzquel et al., 2000).
changes. Precipitation in this region is controlled by the West  pigtom production and burial in the Gulf of Guinea, de-
African monsoon which is, in turn, partly dependent on thefineq as the part of the Atlantic Ocean northeast of a line
presence and intensity of the Atlantic Cold Tongue (ACT). running from Liberia to Gabon, are relatively low. Abun-
Our results therefore suggest that the ACT was weakenedysnces hardly reach 1.1@iatoms per gram in surface sedi-
warmer trade winds were less vigorous, and cloud conveCy,ents (Romero and Armand, 2010), which is 1-2 order of
tion and precipitation were greater during the AHP thoughmagnitude lower than diatom occurrences in the Southern
centennial-to-millennial timescale dry events were observetysegn (Crosta et al., 1997) and coastal upwellling systems
at~10cal. ka BP~8.5cal. ka BP and-6 cal. ka BP. Con-  (Romero et al., 2002; Abrantes et al., 2007). Diatom abun-
versely, the ACT was more intense, trade winds were morgyances in surface sediments of the Gulf of Guinea addition-
vigorous and African climate was more arid during H1, the 51 gemonstrate a westward decreasing gradient (Pokras and
Younger Dryas and after 5.5 cal. ka BP into the present.  \joifino, 1986), in phase with the westward increasing gra-
dient in salinity (Weldeab et al., 2007a). Such distribution
is related to low mean DSi concentrations in surface waters
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with values of~2.5uM in the western part of the Gulf of tersinto the Gulf of Guinea (Fig. 1). The GC is stronger dur-
Guinea where DSi stocks originate from the nutrient-pooring the boreal summer than the boreal winter. Surface wa-
South Atlantic Central waters transported by the South Equaters exit to the south as the Angola Current (AC). Eventually,
torial Counter Current (Peterson and Stramma, 1991) andhe AC transports southward a mix of warm, nutrient-poor
~8 UM in the eastern part of the Gulf of Guinea where rivers surface waters and cool, upwelled waters from the Equato-
inject nutrient-rich freshwaters (Hughes et al., 2011). Thererial Under-Current (EUC) until the Angola-Benguela Front
is therefore a direct connection between DSi stocks and diwhere it meets, at around 15, the northward surface drift
atom production in surface waters and occurrence in sedifrom the Cape Basin.
ments of the Gulf of Guinea and precipitation regimes over The Niger and Sanaga Rivers are the two main rivers
western Equatorial Africa. flowing in the eastern Gulf of Guinea. They cover a
Past changes in siliceous productivity were reconstructecatchment area of2400000kmyr—1 and drive an an-
on glacial-interglacial timescale in the east Equatorial At-nual riverine freshwater input of277kn? (Weldeab et
lantic and the Congo Fan from the southeast Atlantic. In theal., 2007a). More particularly, the drainage area of the
east Equatorial Atlantic, variations in siliceous productivity Sanaga River is 133 000 Knand the mean annual discharge
and marine diatom assemblages were mainly related to this 62 kn? yr—1(Kossoni et al., 2010). River discharges are
intensity of the equatorial upwelling in response to changesgminimal during the boreal winter—spring (February—April)
in the intensity and direction of the trade winds (Abrantesand maximal during the boreal summer—autumn (July—
et al., 2003). In the southeast Atlantic off the Congo River, November), with peak runoffs in September and October
variations in siliceous productivity and marine diatom assem-(Weldeab et al., 2007a; Kossoni et al., 2010). Annual vari-
blages were related to the interplay of riverine discharges, irations in the Sanaga discharge are determined by the yearly
turn controlled by changes in precipitation in western andcycle of precipitations over Equatorial Africa, controlled by
central Equatorial Africa, and migrations of oceanic fronts, the West African monsoon (WAM). Atmospheric surface cir-
controlled by changes in wind regimes (Uliana et al., 2002;culation in the Gulf of Guinea is dominated all year round
Marret et al., 2008). by southwesterly trade winds (TW), which provide most of
Because of the absence of upwelling (Stramma and Engthe moisture for the WAM (Lebel et al., 2009). The quan-
land, 1999) and proximity to the ITCZ, the eastern Gulf of tity of moisture available for the WAM is partly determined
Guinea may provide more straightforward information on by the sea-surface temperature gradient between tropics and
climate changes in western Equatorial Africa than the eastsubtropics and, thus, the presence and extent of the At-
ern Equatorial Atlantic and the Congo Fan. Past change#antic Cold Tongue (ACT) in the subtropical south Atlantic
in siliceous productivity there have been linked to local (Ruiz-Barradas et al., 2000). Warm sea-surface temperature
river discharges, forced by precipitation regime over westernanomalies in the Gulf of Guinea lead to greater evaporation
Equatorial Africa, though no real evidenced was providedand water vapour in the lower troposphere that, in turn, con-
(Weldeab et al., 2005, 2007b). Indeed, downcore records oflucts to greater precipitation along the Guinean Coast (Toki-
diatom assemblages have never been produced for the eastaga et al., 2011). From a large-scale perspective, the WAM
ern Gulf of Guinea. We here present diatom assemblages igan be described in terms of the annual migration of the
core GeoB4905-4 to compliment the existing record of opallnter-Tropical Convergence Zone (ITCZ). The ITCZ is lo-
content (Weldeab et al., 2007a), located around 115km teated around 5-20N and 15-20N in western Equatorial
the southwest of the Sanaga River mouth, to assess (1) thafrica during the boreal winter and boreal summer, respec-
dependency of diatom productivity to DSi delivered by local tively, in response to the northward migration of the max-
rivers to the ocean and (2) climate changes, i.e. precipitatiodimum of received solar radiation energy. Large precipita-
and wind regimes over the central African continent duringtion over western Equatorial Africa, around 3000 mmyr
the last 40 000 yr at the centennial scale resolution. (Kossoni et al., 2010), support the presence of evergreen
rainforest and savannah (Foley et al., 2003).
Dissolved silica in surface waters of the southwest At-
2 Oceanographic and climatic settings lantic Ocean are around 2.5 uM (World Ocean Atlas, 2001)
and, thus, bring very little nutrient to the eastern Gulf of
The sea-surface circulation in the Equatorial Atlantic, drivenGuinea. Dissolved silica concentrations in surface waters
by the atmospheric surface circulation, is governed by theof the eastern Gulf of Guinea are slightly higher than in
North Equatorial Counter Current (NECC) that transportsthe open ocean with values 6f6—8 UM during the boreal
South Atlantic Central waters (SACW) towards the eastsummer (July—October) ane uM during the boreal winter-
(Stramma and England, 1999). SACW, which are the mainspring (March—June) (World Ocean Atlas, 2001). These vari-
surface to sub-surface water mass in the South Atlantic, arations appear related to the yearly cycle of discharge of lo-
low nutrient and saline waters that extend urti00 m deep  cal rivers that present mean concentrations-&6 mg -1 or
(Peterson and Stramma, 1991). The NECC is relayed by the-230 uM (Boeglin et al., 2003; Hughes et al., 2011). High
Guinea Current (GC) that advects the low nutrient, saline wa-dissolved silica concentrations in African rivers are related to

Clim. Past, 8, 415431, 2012 www.clim-past.net/8/415/2012/



X. Crosta et al.: Climatically-controlled siliceous productivity during the last 40 000 yr 417

-10° -5° 0° 5° 10° 15° 20°
10°

Il Evergreen forest
Savanna
1’ I Decideous forest

50

Fig. 1. Bathymetric map of the Gulf of Guinea displaying location of core GeoB4905-4 and other reference sites, along with main surface
(plain black arrows) and subsurface currents (dashed black arrows), main atmospheric circulation (green arrows), position of the boreal
winter ITCZ (red dashed line), main rivers flowing into the Gulf of Guinea and vegetation distribution in western Equatorial Africa (Foley et
al., 2003). The boreal summer ITCZ is located around 13N(hot in figure). GC: Guinea Current; AC: Angola Current; EUC: Equatorial
Undercurrent; TW: Trade Winds.

the prevalence of warm climate conditions that favour chem-calendar ages using CALIB5 (Stuiver et al., 2005). The core
ical weathering of crystalline rocks abundant on this conti- covers the last 45000 calendar years (cal. ka BP) in 1218 cm.
nent (Durr et al., 2011). Monitoring of Sanaga River dis-

charge, dissolved silica content and chlorophyll-a concentra3.2 Diatom analysis

tion in surface waters of the eastern Gulf of Guinea during

the year 2005 evidenced a strong relationship between DSPiatom slides were prepared following the protocol outlined
brought to the ocean by riverine fresh water discharge and” Rathburn et al. (1997). Diatom identification was achieved
local productivity (Weldeab et al., 2007a). on a Nikon 80i phase contrast microscope at a magnifica-

tion of x 1000. A minimum of 300 valves were identified,
whenever possible, following the counting rules described in
Crosta and Kog¢ (2007). Several traverses across the cover-
slip were performed, depending on valve adundances. Three
cover slips per samples were examined. It was not possi-
ble to reach 300 diatom valves in samples between 12.5—

Gravity core GeoB4905-4 was retrieved during the Me-13-3cal.kaBP and 14.8-17.1cal. kaBP.

teor cruise M41/1 in the eastern Gulf of Guinea3@ N, Diatoms were identified to species or species group level,
9°234'E, 1328 m of water depth) around 115km to the and the relative abundance of each species was determined as
southwest of the Sanaga River mouth (Fig. 1). The age moddhe fraction of the diatom species against total diatom abun-

of core GeoB4905-4 was published by Adegbie et al. (zoog)dance in the sample. ldentification of marine diatoms was
and Weldeab et al. (2005). Briefly, it is based on fourteenP@sed on Sundstm (1986), Moreno-Ruiz and Licea (1994),

14C.AMS dates of monospecific samples of the pIanktonicMore”O et al. (1996), Hasle and Syversten (1997), Romero

foraminifer Globigerinoides ruberpink and mixed plank- €t &l (1999), Rivera et al. (2006) and a suite of species-
tonic foraminifers for the upper 9 m of the core. Additional specific references. Identification of brackish and freshwater

tuning points between th&'®0 G. ruber pink record and ~ diatoms was based on Servant-Vildary (1981), Gasse (1986),
GISP25180 record allowed extention of the stratigraphy be- L@nge and Tiffany (2002), Sar et al. (2010) and a suite of
yond the radiocarbon range. Radiocarbon ages were cogPecies-specific references.

rected for the mean marine reservoir age and calibrated to

3 Material and methods

3.1 Stratigraphy

www.clim-past.net/8/415/2012/ Clim. Past, 8, 41831, 2012
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Fig. 2. Age model of core GeoB4905-4. The table details the different steps taken to develop an age-model from raw 14C dates to calibrated
ages. The graph depicts calibrated ages versus depth. The line depicts the linear interpolation between two consecutive ages. Age model
core GeoB4905-4 was previously published in Adegbie et al. (2003) and Weldeab et al. (2005). More details can be found therein. Numbers
associated with the curve represent sedimentation rates in cm.ka-1.

Diatom accumulation rates were calculated with the3.3 Ecological significance of diatoms
following equation
Around 80 diatom species or species groups were identi-
DAR=(Ny x WBD x SR)/2 () fied in core GeoB4905-4. To simplify this large dataset,

Where DAR are the diatom accumulation rates in mil- SP€cies sharing similar ecology were lumped together. Pre-
lionscnt2ka~!, Ny are the number of diatom valves per Vious investigations on diatom distribution in surface wa-

gram of dry sediment, WBD is the wet bulk density in t€r and in surface sediments from low latitude environ-
gcnm3 measured on board and SR are the sedimentatiof€nts have demonstrated that it was indeed possible to com-
rates in cm kal. bine diatom species in several groups, based on habitats
Diatom census counts were performed on the uppe@nd nutrients and SST requirements. Identification of di-
932 cm of core GeoB4905-4 with a resolution of 4 cm from &tom groups in previous investigations were based on simple
top to 372 cm and 8 cm from 372 cm to 932 cm, which pro- comparison of relative abundances or statistical z_approaches
vided a temporal resolution of 150-300yr between 0.14—(Schuette and Schrader, 1981; Pokras et Molfino, 1986;

17 cal. ka BP and 200-400 yr between 1731 cal. ka BP and "eéPpke et al,, 1996; Schrader and Sorknes, 1997; Romero
~500 between 31-40 cal. ka BP. et al., 2002, 2009; Romero and Hebbeln, 2003; Jiang et

al., 2004; Abrantes et al., 2007). We here build on the
publications cited above, summarized in Romero and Ar-
mand (2010), to identify three different marine water groups
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and one benthic/brackish water group. Two additional di- Freshwater diatoms live in rivers and lakes beyond the
atom groups were identified according to diatom distribu-marine influence. Their presence in the marine environ-
tion in African rivers and lakes to account for freshwa- ments can be due to river discharge and/or wind transport,
ter diatoms and windblown diatoms (Servant-Vildary, 1978; the importance of each transport agent been variable between

Gasse, 1980a, b, 1986). regions. This issue had to be assessed before any paleo-
. . interpretation based on the downcore records of freshwater
3.3.1 Marine diatoms diatom assemblages in core GeoB4905-4 could be made.

) ) o ) Investigation of sediment traps and surface sediments in
Oligotrophe diatoms thrive in warm, nutrient-poor surface y,e \estern and eastern Equatorial Atlantic indicated that
oceanic waters where siliceous productivity is low. This pyjacoseira granulatandA. islandica(planktonic diatoms)
group is here dominated by large and highly silicified cen-4re the most abundant freshwater diatoms transported by
tric diatoms such agzpeitiaspp., Planktonellia sol Pseu-  ings while small pennate diatoms (benthic diatoms) are
dosoler_ua calcaravisand Rhizosoleniaspp., Thalassmswa only present as trace (Romero et al., 1999). Similarly, in-
spp. with lesser occurrence of pennate diatoms such a§egiigation of diatom assemblages in a dust collector lo-
Nitzschiaspp. andThalassionema bacillargrable 1). cated at Mbour, Senegal, indicated that granulataand

Mesotrophe diatoms live in nutrient-rich coastal marine 4o 1tzschia amphioxyare the two dominant diatoms in eo-
environments. This group tracks higher dissolved silica lev-j;5 4 qust coming from central and northern Sahara, respec-

els, higher siliceous productivity but low turbulence (no up- tively (Skonieczny et al., 2011). It is worth noting that

welling conditions). This group is here dominated by large |y amphioxyss absent from the diatom assemblages in core

and highly silicified centric diatoms such @gtinocyclus  GeoB4905-4, which agrees well with an origin from the cen-
spp.,Actinoptychuspp. Coscinodiscuspp.,Paraliasulcata a1 sahara of the eolian dust reaching the eastern Gulf of

and the pennate speci€sagilariopsis doliolus(Table 1). 5 inea (Stuut et al., 2005). On the other hand, high abun-

Cyclotellaspecies, dominated here B stylorum/litoralis  y4nces of freshwater diatoms were observed off the mouth of

and C. striata occur both in coastal marine and coastal y,o congo River (Jansen et al., 1989) due to high occurrence
brackish environments (Lange and Syversten, 1989). They ayjacoseiraspp. (Uliana et al., 2002). In core GeoB4905-

record ofCyclotellaspp. in core GeoB4905-4 resembles the 4 \ve observed a strong anti-correlation betwderaco-
record of mesotrophe diatoms (Fig. 3), indicating that theséiraspp. AR and pennate diatom AR & 0,77; 7 = 158)

two groups may share similar ecological preferences in thenerefore suggesting different transport agents for these two
study areaCyclotellaspp. were subsequently added into the o405 Additionally,Aulacoseiraspp. relative abundances

mesotrophe group (Fig. 4). . are much lower than that of pennate diatom (1-2 % and 5—
Eutrophe diatoms are thriving in surface waters with high 7 o, respectively, except during H1 and the YD when rel-
DSi concentrations and/or high rate of nutrient replenishment,s e apundances were not significant due to very few di-

to sustain blpoming conditions. This group is here domi- 4;0m valves present), which is opposite to findings off the
nated by resting sporé&haetoceros Hyalochaesep. (CRS)  congo Riven wherdulacoseiraspp. is the main freshwa-

andThalassionema nitzschioidear. nitzschioideswith ac- o1 gjatom. These results argue against a riverine transport
companying occurrences ofhalassionema nitzschioides agent for the presence @fulacoseirain core GeoB4905-
var. claviformis (Table 1). Such species are very abundant4, especially as this genus is highly silicified and should

in upwglling systems, thoggh they can reach high OCCUMpetter survive dissolution and mechanical break up during
rences in any eutrophe environment where DSi and iron cong, ¢ tansport.

centrations are sufficient (Armand et al., 2008). As modern Raphid pennate diatonfsagilaria spp. andNaviculaspp.

oceanography argues against upwelling of deep waters in th§ominate here the benthic community of freshwater diatoms
eastern Gulf of Guinea (Stramma and England, 1999), Werapje 1). It has been proposed that this group generally
here associate these species to eutrophe surface waters Wh@s& i< river input to the marine environment (Gasse et al.

DSi and iron content depend on the Sanaga River dischargelgsg; Romero and Hebbeln, 2003). In the present study,

it tracks the Sanaga River discharge in the eastern Gulf of
Guinea and, ultimately, represents a record of the continen-

Diatoms of the benthic group attach to a substratum (rockst@' climate. In oppositionAulacoseiraspp., and in lesser
sand, mudflats, macrophytes, etc.) present in shallow, ma2ccurrenceStephanodiscuspp. (Table 1), has been pro-
fine to brackish waters of coastal zones and river mouthsP?S€d to record wind deflation and transport intensity to

This group is here dominated by pennate diatoms and, mori1® €astern Gulf of Guinea (Romero et al., 1999; Gasse,
particularly, by marine species of the gerscconeig(Ta- 2000). It is worth noting thafulacoseiraspp. are extremely

ble 1). This group tracks transport from the coast and/or rivef2Pundant in emerged sediments of the dessicated paleolake
mouth to the core site (Pokras, 1991). Tchad (Servant-Vildary, 1982), which is the main source

of aeolian dust to the eastern Equatorial Atlantic (Gasse et
al., 1989; Stuut et al., 2005). The rather good agreement

3.3.2 Benthic and freshwater diatoms

www.clim-past.net/8/415/2012/ Clim. Past, 8, 41831, 2012
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Table 1. List of diatom species or species groups included in the different groups. Diatom group identification and diatom species assignment

are detailed in the text.

Oligotrophe diatoms Mesotrophe diatoms Eutrophe diatoms Benthic marine/brackish  Raphid freshwater Windblown freshwater
diatoms diatoms diatoms

Alveus marinus Actinocyclspp. Chaetoceros Hyalochaete Achnansgp. Fallacia pygmaea Aulacoseira granulata

Azpeitia africana Actinocyclus curvatulus  resting spores Amphoraspp. Fragilaria construens  Aulacoseira gotzeana

Azpeitia nodulifera Actinocyclus octonarius Thalassionema nizschioides  Catppla Fragilaria parasitica  Stephanodiscispp.

Azpeitia tabularis Actinoptychuspp. var.capitula Cocconeispp. Fragilaria pinnata

Bacteriastrunmspp. Actinoptychus senarius Thalassionema nizschioides  Cocconeis distans Napicula

Chaetoceros Phaeocerspp. Actinoptychus vulgaris var. claviformis Cocconeis fluminensis Rhopalosp.

Nitzschiaspp. Asteromphaluspp. Thalassionema nizschioides ~ Cocconeis placentula Syrspqira

Nitzschia bicapitata Biddulphiapp. var.nitzschioides Cocconeis scutellum

Nitzschia braarudii Coscinodiscispp. Diploneisspp.

Nitzschia interruptestriata Coscinodiscus centralis Eunotograrepma

Nitzschia sicula Coscinodiscus decrescens Gomphosema

Planktonellia sol Coscinodiscus radiatus Opephora marina

Proboscia alata Cyclotellapp. Pleurosigmaspp.

Pseudosolenia calcaravis Cyclotella caspia Suriralpp.

Rhizosoleniapp. Cyclotella striata Trachyneis aspera

Rhizosolenia acuminata Cyclotella litoralis/stylorum

Rhizosolenia bergonii Cymatothespp.

Rhizosolenia clevei Fragilariopsis doliolus

Rhizosolenia setigera Hemidiscus cuneiformis

Roperia tessalata Paralia sulcata

Thalassionema bacillare Pseudo-Nitzschimp.

Thalassionema frauenfeldii Trigoniuspp.

Thalassionema nitzschioides

var.parva

Thalassiosiraspp.
Thalassiosira eccentrica
Thalassiosira leptopus
Thalassiosira oestrupii
Thalassiothrixspp.

betweenAulacoseiraspp. AR and phytoliths AR records cur dominantly in the Panicoideae grass subfamily, the Sad-
(R =0.33; n =158), the latter ones mainly transported in dle type mainly occur in the Chloridoieae grass subfamily,

the eastern Equatorial Atlantic by winds (Jansen et al., 1989the Rondel and Trapezoiform polylobate types are mainly
Romero et al., 1999; Abrantes et al., 2003; and referenceproduced by the Pooideae grass subfamily (Bremond et al.,
therein), further argue for an atmospheric transport agent fo2008). The Cross, Bilobate and Saddle types are precipi-

Aulacoseiraspp. tated in G grasses while Trapezoiform types are formed in
Cs3 grasses. In core GeoB4905-4, the opal phytolith assem-
3.4 Opal phytoliths analysis blages are dominated by Cross and Bilobate types with minor

occurrences of Saddle and Trapezoiform types.
Opal Phytoliths were fixed on permanent slides concomi- Basically, opal phytoliths presence in marine sediments
tantly to diatoms. Phytoliths were counted congruently to di-can be due to transport by rivers and winds. Phytoliths and
atom census counts, andspecimens (0 minimum-13 max- freshwater diatoms in surface sediments in the Zaire fan re-
imum) were identified until diatom counts were completed. gion do not present the same temporal distribution. Phy-
As such, the total number of phytoliths is dependent on thetoliths AR are maximal 700 km offshore, while freshwater
abundances of diatoms, as well as the abundances of opaiatom AR are maximal at the river mouth and decrease off-
phytoliths. Opal phytolith AR were calculated using the shore (Jansen et al., 1989). This suggests a significant aeo-
same formula than for diatoms. lian transport of opal phytoliths from the Namib desert to the
Taxonomic identification of opal phytoliths followed the ocean by southeast trade winds. Phytoliths were also found
nomenclature of Bukry (1980) and Bremond et al. (2008). in aeolian dust collected at Mbour, Senegal (Skonieczny et
al., 2011) along withAulacoseiraspp. andHantzschia am-
3.5 Ecological significance of phytoliths phioxysand in sediment traps off western Africa (Romero
et al., 1999). This information and the good agreement be-
Different shapes of opal phytoliths, formed inside the shortyween the phytolith and thaulacoseiragp records in core
cells of grass epidermis, prevail in different grass subfami-GeoB4905-4 (Fig. 3) argue for an aeolian origin of opal
lies. As such, phytoliths can be used to infer changes in langhytoliths in the eastern Gulf of Guinea.
vegetation cover. The Cross and Bilobate short cell types oc-
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Fig. 3. Accumulation rates of diatoms and opal in core GeoB4905-4 versus calendafAgéstal diatom accumulation rates (black line)

and opal accumulation rates (red lingd) accumulation rates of oligotrophe diator(S) accumulation rates of mesotrophe diatoms (yellow
line) andCyclotellaspp. (grey line){D) accumulation rates of eutrophe diatortis) accumulation rates of freshwater diatoms (light blue
line) and benthic diatoms (dark blue line) aiiifl) accumulation rates diulacoseiraspp. (green line) and opal phytoliths (grey line). Blue
and yellow shading represents periods of inferred high precipitations and low precipitations over western Africa, respectively.

3.6 Biogenic opal analysis 4 Results
Opal was determined with the sequential leaching techniquel.1  Biogenic opal

developed by Miller and Schneider (1993). Reproducibility _ . o
of the data is below 2 %. Biogenic opal accumulation ratesBiogenic opal AR varied between a minimum value of

were calculated with the following equation ~0.2gcnT?ka ! at 15-16 cal. ka BP and a maximum value
of 3.5gcnm?ka ! at 8-9cal. ka BP (Fig. 3a, red line).
OpalAR= (O x WBD x SR), (2)  Values were~1.5gcnr2ka lduring the period between

40 cal. ka BP and 22 cal. ka BP ane g cn?ka tduring

. . . _1

where Opal AR is the opal accumulatlon rate n gerha the Last Glacial Maximum (LGM). Opal AR subsequently

O is the opal content of the sediment, WBD is the wet bulk 21

density in g cn® measured on board and SR is the sedimen-dropped to reach lowest values-0.2 g cn* ka ™ between
ying 17 cal. ka BP and 15cal. ka BP, when they started to in-

tation rate in cm ka”. crease again. The increasing pattern between 15 cal. ka BP
Part of the biogenic opal record (0-22cal. ka BP) that gain. ; ap )
. and 8cal. ka BP was interrupted by two lows centred at
has been used here to calculate opal AR was previously L K L K I |
ublished by Weldeab et al. (2007) ~13cal. ka BP and-10 cal. ka BP. Opal AR subsequently

P ' ' decreased slightly between 8cal. ka BP and 6 cal. ka BP,

when they abruptly dropped to values-©0.8gcnr?ka !

that persisted during the last 5 cal. ka BP.
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Fig. 4. Cumulative relative abundance of the five diatom groups in core GeoB4905-4 versus calendar ages.

4.2 Diatom and phytolith accumulation rates ability of higher amplitude during the 40-18cal. ka BP
period than observed for total DAR and tropical diatom AR.

Total diatom accumulation rates (DAR) present the Acc_umulation rates of pennate fres.hwat.er (Fig. 3e, light
same temporal pattern as opal AR during the |astt_)lue I|r_1e) and pennate marine benthic (Fig. 3e, dark blue
40cal. ka (Fig. 3a, black line). Values oscillated aroundine) diatoms co-vary during the last 40cal. ka BP. They

200.16 cm—2ka-! between 40cal. ka BP and 22cal. ka Present low values until the LGM when they abruptly in-
BP. Diatom AR increased to~500.16¢ cm—2ka—! dur-  creased. A short-lived drop in AR of freshwater and ben-

ing the LGM. Lowest diatom accumulation rates of thic diatoms occurred at20 cal. ka BP. Accumulation rate
~10.16 cm2ka~! were observed during the 17-15cal. ka values were low again between 18 cal. ka BP and 15cal. ka
BP period. Diatom AR increased again at 15cal. ka BP when they started to increase to reach maximum val-
BP to reach a maximum o£850.16¢ cm—2ka—! centred Ues at~7.5cal. ka BP. Centennial-scale events of low occur-
at 7.5cal. ka BP. High DAR values were recorded until "énces centred at13 cal. ka BP,~10 cal. ka BP~8.5 cal. ka

5.7 cal. ka BP when they abruptly dropped to reach low val-BP and~6cal. ka BP interrupted the period of highest
ues of~150.16 cm~2ka~! that persisted during the last freshwater and benthic diatom AR.

5 cal. ka. Millennial-scale events of low occurrences centred Accumulation rates of windblown diatoms, represented
at13cal. ka BP, 10 cal. ka BP, 8.5 cal. ka BP and 6 cal. ka BAY A. granulataand A. gotzeana(Fig. 3f, green line) and
interrupted the period of highest DAR. opal phytoliths (Fig. 3f, grey line) present a similar evolu-

. . tion between 40 cal. ka BP and 4 cal. ka BP. Low AR val-
Oligotrophe diatoms presented very low AR between ues were generally observed throughout this period except
40cal. ka BP and 12.5cal. ka BP, although a small in- 9 y 9 P P

crease occurred during the earliest phase of the I_GMdurlng Heinrich Events (HE), a short-lived event centred at

: ) . ~20cal. ka BP and the Younger Dryas (YD). Low values
91%031%crg—“gg—olpgeetvszaagzTZASchlrekzegtF?ir\}/glcj;zls li:)ovewere also observed during the 13-5 cal. ka BP period when

BP. Highest DAR around 350.8@m~2ka~* were recorded highest DAR and opal AR were recorded. After 5cal. ka
] BP, AR of windblown diatoms and phytoliths differ, with

at ~7.5¢al. ka NP. Centennial-scale events of low occur-hi h occurrences of windblown diatoms and continuousl

rences centred at-10cal. ka BP,~8.5cal. ka BP and g y

~6 cal. ka BP interrupted the period of high accumulation low occurrences of opal phytoliths.
rates of tropical diatoms. Very low AR values were again 4 3 piatom relative abundances
recorded since-5 cal. ka BP.

Accumulation rates of mesotrophe diatoms (Fig. 3c, or-The relative contribution of each group to total diatom as-
ange line),Cyclotella spp. (Fig. 3c, grey line) and eutro- semblages is depicted in Fig. 4. During the 40-35cal. ka
phe diatoms (Fig. 3d, yellow line) present a similar tem- BP period, oligotrophe diatoms, mesotrophe diatoms and
poral pattern during the last 40 cal. ka BP as observed foeutrophe diatoms amounted te95% of the diatom as-
total DAR (Fig. 3a, black line). It is worth noting that semblages, while freshwater and marine benthic diatoms
Cyclotella spp. are here dominated by marine-to-brackishaccounted for~5%. Windblown diatoms were absent
C. stylorum/litoralisand C. striata (Table 1). Centennial- except for a short-lived occurrence at36cal. ka BP.
scale events of low AR centred-aR0 cal. ka BP~13cal. ka  After 35cal. ka BP, the contribution of oligotrophe di-
BP, ~10cal. ka BP~8.5cal. ka BP and-6cal. ka BP are atoms decreased slightly, the contribution of mesotrophe
similarly apparent. Accumulation rates of mesotrophe di-diatoms decreased sharply (mainly because of less abun-
atoms,Cyclotellaspp. and eutrophe diatoms presented vari-dantCyclotella littoralis/styloruny, while the contribution of
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eutrophe diatoms increased. Freshwater and benthic diaton#g variations in siliceous productivity over the last 40 cal. ka
were still present at low percentages, while windblown di- follow closely the variations in AR of freshwater (Fig. 3e,
atoms occurred episodically at percentages below 2 %. light blue line) and benthic (Fig. 3e, dark blue line) di-
An increase in both oligotrophe and mesotrophe diatomsatoms. The positive relationship between opal AR and fresh-
was recorded between 22 cal. ka BP and 17.5 cal. ka BP at theater/benthic diatom AR, and the fact that highest DAR and
expense of eutrophe diatoms. A very abrupt and pronouncedpal AR occurred during the AHP, suggest that diatom pro-
decrease in marine diatoms occurred subsequently betwegtuctivity in the eastern Gulf of Guinea was supported by
17.5cal. ka BP and 15 cal. ka BP. During this period marinestrong DSi input through local rivers rather than due to a
diatoms, produced locally, accounted for less than 50 % ofmarine source. This agrees well with modern data demon-
the assemblage. The other fraction of the diatom assemblaggirating very low DSi content in the SACW-@.5 uM) that
was mainly represented by windblown diatoms with accom-are transported into the eastern Gulf of Guinea by the GC
panying freshwater and benthic diatoms. However, the conand EUC (World Ocean Atlas, 2001) and high DSi content
tribution of freshwater/benthic diatoms and windblown di- in local rivers (Boeglin et al., 2003; Hughes et al., 2011).
atoms were out-of-phase during this event, as identified i : .
the AR records (Fig. 3e and f). It is worth noting that Iessl’\:)'l'1 The Last Glacial Maximum
than 50 diatom valves per sample could be counted duringPiatom productivity was relatively high during the LGM,
this period and relative abundances are thus less significative@bout half of the maximum siliceous productivity recorded
A second similar event, though much less pronounced, wasluring the early Holocene (Fig. 3). Diatom preservation was
observed between 12.5cal. ka BP and 13.5cal. ka BP. Heralso good during the LGM. Mesotrophe and eutrophe di-
again, highest contribution of freshwater and benthic diatomsatoms dominated (Fig. 3c, orange line; Fig. 3d), while fresh-
occurred just before and immediately after the peak abunwater and benthic diatoms were half as abundant as during
dance of windblown diatoms. Around 50-80 diatom valvesthe early Holocene (Fig. 3e). Taken together, these results
per sample could be counted during this period. suggest that DSi input through local rivers was greater dur-
Between 12.5cal. ka BP and 5cal. ka BP, the period ofing the LGM than the rest of the last glacial and the early
highest DAR in core GeoB4905-4, oligotrophe diatoms in- deglaciation. Greater DSi input could result from enhanced
creased to account for40% of the diatom assemblages. river discharges as a consequence of enhanced precipitation
Mesotrophe diatoms accounted forl0-15%, while eu- over the African continent or from a shift of the river mouths
trophe diatoms decreased 630 % of the diatom assem- towards the core site during glacials due to sea level low
blage. Freshwater and benthic diatoms concomitantly repstand. The extra pool of DSi was used by mesotrophe and
resented~5—10 % of the assemblages, while windblown di- eutrophe coastal diatoms. The cool SST (Fig. 5b) probably
atoms were totally absent. After5cal. ka BP, both olig- limited the development of oligotrophe subtropical diatoms
otrophe and mesotrophe diatom abundances dropped, whilespite large availability of DSi. The large peak in eutrophe
abundances of eutrophe diatoms increased46 % of the  diatoms, CRS and. nitzschioidewar. nitzschioidesgener-
assemblages. Freshwater and benthic diatoms almost disaply dominant in coastal upwelling systems (Romero and Ar-

peared, while windblown diatoms congruently increased tomand, 2011), may argue for the resurgence of subsurface wa-
~3 % of the diatom assemblages. ters during the LGM when the ITCZ migrated southwards,

therefore strengthening northeast trade winds (Gasse et al.,
2008). However, other windy but arid periods of the last

5 Discussion 40 cal. ka BP, such as H1 and the YD (Multiza et al., 2008),
conversely demonstrated lowest DAR in core GeoB4905-4
5.1 Diatom productivity during the last 40 cal. ka BP (Fig. 3). Subsurface waters transported into the eastern Gulf

of Guinea are DSi-depleted (World Ocean Atlas, 2001) and
The low variability range of sedimentation rates and sedi-resurgence of these waters could not support high diatom
ment density values in core GeoB4905-4 (Fig. 2) indicatesproductivity during the LGM. This information supports our
that variations in biogenic opal and total DAR reflect changesinterpretation of a riverine origin of the DSi along the coast
in siliceous productivity. Biogenic opal AR and DAR records of Guinea.
demonstrated relatively low siliceous productivity during the : . .
40-22 cal. ka BP period, high productivity during the LGM, 5.1.2 The African Humid Period
low productivity during the 19-15cal. ka BP period, high We here use the generic term AHP despite that it might be
productivity during the 15-5.5cal. ka BP and, eventually, inappropriate to properly describe the spatio-temporal het-
low productivity since 5.5cal. ka BP (Fig. 5a). Siliceous erogeneity of the timing of the onset and termination across
productivity was highest during the African Humid Period the African continent (Kipeling et al., 2008)
(AHP) as identified previously off Mauritania (deMenocal et  Diatom productivity started to increase-al5 cal. ka BP
al., 2000; Adkins et al., 2006) though processes driving pro-but was highest during-12cal. ka BP and~5.5cal. ka
ductivity changes were there different. In core GeoB4905-BP (Fig. 3). During this period, the AR of all diatom
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Fig. 5. Comparison of diatom and biogenic silica accumulation rates recorded in core GeoB4905-4 with climate proxies from Equatorial
Africa. (A) Total diatom accumulation rates (black curve) and freshwater + marine/brackish benthic diatom accumulation rates (blue curve),
(B) eastern Equatorial Atlantic sea-surface temperatures in core GeoB4905-4 (black line, Weldeab et al., 2007a) and in core MD03-2707
(grey line, Weldeab et al., 2007¢);) eastern Gulf of Guinea sea-surface salinities in core GeoB4905-4 (black line, Weldeab et al., 2005)
and in core MD03-2707 (grey line, Weldeab et al., 2007D), BIT index tracing the input of continental organic carbon to the eastern
equatorial Atlantic (black line, Weijers et al., 2009) and relative changes in central African humidity bafiediaies of plant wax-Cog

alkanes (grey line, Schefuss et al., 20@E), proportion of lowland rainforest pollens in cores T89-16 and GeoB1007-4 (Marret et al., 2008),

(F) elemental Fe/K ratio in core GeoB9508-5 off Senegal River (Mulitza et al., 20G8)lake level height above present level in Lake

Abhe (1705 N-41°50 E, black curve) and Bar-El-Ghazal @B 17° E, red curve) (Gasse, 2000) and relative humidity inferred from Lake
Bosumtwi (green curve; Peck et al., 2008).inferred precipitations over western Equatorial Africa.

groups increased except for windblown diatoms and phy- Greater availability of DSi during the AHP particularly
toliths. Again, the strong correlation between AR of fresh- favoured oligotrophe diatoms that increased by 20 % (Fig. 4)
water diatoms and marine diatoms argue for a control of theand from~0.1¢ cm~2ka ! to ~400.16 cm—?ka ! since
siliceous productivity in the eastern Gulf of Guinea by in- H1 (Fig. 3b). Conversely, relative abundances of eutrophe
jection of DSi by local rivers. During the AHP, enhanced diatoms decreased during AHP though their AR increased
precipitation over western Africa was the main driver of DSi from ~0.5.1¢ cm2ka ! to ~300.1¢ cm~2ka ! since H1
input as deglacial sea level rise (Yokoyama et al., 2000)(Fig. 3d). Eutrophe diatoms are fast blooming diatoms
moved away river mouths from the core site. As such, di-(Hargraves, 1972) thriving in coastal, nutrient-rich waters
atoms in core GeoB4905-4 evidenced wettest conditions durfRomero and Armand, 2010), while oligotrophe diatoms are
ing ~12 cal. ka BP and-5.5 cal. ka BP. This finding agrees slow-developing, large and heavily silicified diatoms thriving
well with previous studies carried out along the northwesternin warm surface waters (Romero et al., 1999). Today, the de-
African coast (deMenocal et al., 2000; Adkins et al., 2006). creasing gradient in diatom abundances towards the western
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Gulf of Guinea may indicate that marine coastal diatoms out-5.2 Precipitation changes in western Equatorial Africa
compete oligotrophe diatoms and uptake most of the DSi in- during the last 40 cal. ka BP

jected by rivers in the eastern Gulf of Guinea, thus preventing

development of oligotrophe diatoms (Pokras and Molfino, Given modern oceanography (Peterson and Stramma, 1991),
1986). Warmer SST during the early Holocene (Fig. 5b) modern relationship between chlorophyll-a standing stocks
may have been more favourable to oligotrophe subtropicabnd the Sanaga River discharge (Weldeab et al., 2007a) and
diatoms that could extend their distribution and could makerelationship between diatom distribution in core-top samples

use of the higher DSi stocks. and riverine discharge in the eastern Gulf of Guinea (Jansen
etal., 1989), diatom production is there mainly driven by DSi
5.1.3 The late Holocene brought to the ocean by riverine freshwater discharge, which

. - ) o is dependent on precipitation changes in western Equatorial
Diatom productivity was low again after the termination of africa. The diatom records from core GeoB4905-4 indi-
the AHP at 5.5cal. ka BP (Fig. 3). Since then, AR of cate that this scenario prevailed during the last 40 cal. ka,
all diatom groups decreased drastically, except for wind-nq that AR of raphid pennate diatoms (freshwater and ma-
blown diatoms, and relative abundances of eutrophe diatomgne/prackish benthic diatoms) can be used to infer past pre-
increased again (Fig. 4). Given Holocene sea level highgipitation variations. The diatom records (Fig. 5a) demon-
stand, diatom counts suggest a reduction in the Sanaga Rivefrate highest precipitation over western Equatorial Africa
discharge, in agreement with drier and cooler COﬂdItIOhSduring the AHP, low precipitation during MIS3 and since
recorded elsewhere in sub-tropical North Africa (de Meno-5 5 ca|. ka BP and lowest precipitation during H1 and the YD.
cal et al., 2000; Adkins et al., 2006). The reduced pool of gport-lived dry spells occurred10 cal. ka BP~8.5 cal. ka
DSi injected by local rivers may have been readily used bygp ang~6 cal. ka BP. interrupting wettest conditions of the
marine coastal diatoms limiting westward diffusion, while App, The freshwater/benthic diatom signal might not track
lower SST (Fig. 5b) was unfavourable to oligotrophe sub-gqely precipitation changes during the LGM because of the

tropical diatoms. As a result, the relative abundances of euprogradation of regional fluvio-deltaic systems during the
trophe diatoms increased while that of oligotrophe diatoms;5g¢ glacial as sea level dropped.

decreased. Total diatom AR and assemblages did not show
drastic changes since 5.5 cal. ka BP into the late Holocenes 2 1  The Last Glacial Maximum
though a more detailed investigation of the last centuries

would help to document how the recent warming of the ACT The diatom records in core GeoB4905-4 indicated that di-
and greater precipitation over the coast of the Gulf of Guineaatom productivity was relatively high during the LGM in re-
might have impacted diatom communities. lation to large input of DSi by local rivers. Both the shift of
local river mouths towards the core site and/or the increase in
precipitation could result in greater injection of DSi into the

Short lived drops in siliceous productivity, superimposed to eastern GUIf,Of Guinea. : ) :
the long trend, occurred during H1 and the YD;@0 cal. ka Large Pleistocene sediment deposits, created during the
BP during thé LGM.~10cal. ka BP~8.5 cal 'ka BP and LCGM lowest sea level stand, were observed at the modern

~6 cal. ka BP during the AHP (Fig. 3). These drops prob- shelf break, half way between core site and present day coast-

ably represented short-term events of reduced DSi availabillme (Giresse et gl., 1995).' These_ depogits indicated the pres-
ity and, thus, sub-millennial periods of more arid conditions ence of progradient fluvio-deltaic bodies towards the core

over western Equatorial Africa. Events of reduced diatomSite during the Iast'glacial. During the LGM onvest sea level
productivity were accompanied by large drops in oligotro- stand, the Ntem River appeared to be the main source of the

phe diatoms (Fig. 3b), again indicating that most of the Dsiterrigenous sediment deposited at the twin core MD03-2707

may have been used by marine coastal diatoms. Diatom prc,s_ite (Weldeab et al., 2011), as the distance between the core

ductivity was lowest during H1 and the YD. Diatom valves site and the Ntem River outflow was greatly shortened. As

were greatly fragmented and dissolved, and diatom count§UChh' hngthl\e/lrfreslréwaterldflatomhARrT core 6628:935'4 dur-
are not statistically significant. The poor preservation of di- g the could result from the shortening of the distance

atom valves during H1 and YD further supports very low between their source and their deposition site. The Ntem
siliceous productivity in the eastern Gulf of Guinea during er\]/er COﬂtII’IbUt|IOI’1 decree_lse_d rahp|dly s!nhceh19d8 ca!. ka BF;
windy and arid periods identified in equatorial and tropical WN€N S€a IEVE1 TOSE€ again, in phase with the drop in AR o

Africa (Gasse, 2000; Multiza et al., 2008). freshwater apd benthic diatoms. .
The LGM is generally understood as a very dry period

in western Equatorial Africa due to cold SST and atmo-
spheric temperatures (Gasse et al., 2000; Lezine et al., 2005).
However, few marine and terrestrial records from the Equa-
torial band studies indicated that the LGM may have been

5.1.4 Millennial-scale events
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wetter than MIS3 and H1 concomitant to greater with DAR by both the WAM and the East African Monsoon (Gasse,
in core GeoB4905-4 (Fig. 5a). SST records from GeoB4905-2000; Tierney et al., 2011), while the Sanaga drainage basin
4 core (Weldeab et al., 2007a) and the twin core MDO03-is essentially influenced by the WAM. Second, southeast-
2707 (Weldeab et al., 2007c) showed-a4°C surface wa- ern trade winds promote a seasonal upwelling off the Congo
ter warming during the LGM compared to conditions pre- River (Uliana et al., 2002; Marret et al., 2008) that does not
vailing just before and after (Fig. 5b). Reconstructed sea-occur in the eastern Gulf of Guinea. Enhanced upwelling
surface salinities in core GeoB4905-4 (Weldeab et al., 2005Huring times of stronger trade winds generally intensified
were ~2 %o lower during the LGM than during H1. How- marine paleoproductivity in the Congo fan area during cold
ever, reconstructed sea-surface salinities in the twin corestages, but strongest river discharges also yield to upwelling
(Weldeab et al., 2007c) do not show any significant vari- of nutrient rich sub-surface waters during warm stages (Kim
ations between 40cal. ka BP and 17 cal. ka BP (Fig. 5c)et al., 2010).
Record of fluvial delivery in core GeoB6518-1 (Weijers et
al., 2009), located at the mouth of the Congo River south 0f5.2.2 The African Humid Period
core GeoB4905-4, showed a small rebound during the LGM
(Fig. 5d). Similarly, the Fe/K record in core GeoB9508-5 The diatom records from core GeoB4905-4 suggest an initi-
off Senegal (Mulitza et al., 2008) indicated moderate fluvial ation of the AHP in western Equatorial Africa at 15 cal. ka
delivery during the LGM (Fig. 5f). Conversely, low reso- BP (Fig. 5a) in phase with the first significant rise in SST in
lution pollen records from two cores situated at the mouththe eastern Gulf of Guinea (Fig. 5b) and early studies off
of the Congo River (Marret et al., 2008) did not evidence Mauritania (deMenocal et al., 2000; Adkins et al., 2006).
any precipitation change during the 30-16 cal. ka BP periodDiatom records also argue for a very gradual intensification
(Fig. 5e). Records from Lake Bosumtwi in Ghana evidencedof WAM rainfall between 15 cal. ka BP and 8 cal. ka BP, in
lower dust load and higher organic content during the LGM agreement with the trend in local SST (Fig. 5b) butin opposi-
than during H1 and the YD (Peck et al., 2004), arguing fortion to a very abrupt onset of rainy conditions in subtropical
wetter and less windy conditions during the LGM. A pollen North Africa (deMenocal et al., 2000; Adkins et al., 2006;
record from Lake Barombi Mbo (western Cameroon) sug-Mulitza et al., 2008; Fig. 5f). The latter studies based their
gested a cloud-forest environment around the lake with anterpretations on terrigenous proxies tracking dust availabil-
density comparable to the present during the period betweeily in the desert region of subtropical North Africa, which
25cal. ka BP and 20 cal. ka BP (Giresse et al., 1994). Lakemay respond faster to precipitation changes than DSi stocks
Abhé (Ethiopia) depicted a drop in lake level during the mid- and river discharge in Equatorial woodland regions. Our re-
dle part of the LGM (Gasse et al., 2008; Fig. 5g black line), sults also agree with a previous reconstruction, basedNdn
while Lake Tila (northern Nigeria) suggested an increase indata in core MD03-2707, identifying that the rainfall front
lake level at around 178&6Cyr BP, i.e. 20.5cal. ka BP of the WAM crossed the Sanaga drainage basin at 15 cal. ka
(Salzmann et al., 2002), though radiocarbon date inversion8P (Weldeab et al., 2011). Between 11.5cal. ka BP and
preclude a precise age assignment. Finally, a high-resolutiof cal. ka BP, sea-surface salinities in eastern Gulf of Guinea
climate simulation (precipitation minus evaporation) at the were lowest (Fig. 5b), riverine discharges by western Equa-
LGM compared to the present showed a patch of increasetbrial African rivers were greatest (Fig. 5d and f), rain for-
effective moisture above the Sanaga drainage basin (Kim eg¢st was more extended (Fig. 5e) and lake levels in Equato-
al., 2008). rial and northern subtropical Africa were highest (Fig. 50).
It is difficult to assess the respective impact of fluvio- These results demonstrate that the WAM was not only more
deltaic system progradation and precipitation changes from éntense during the AHP but also reached its northernmost
single record. However, our diatom data combined with ex-latitudinal position.
isting paleo-records from Equatorial Africa suggestthatland The termination of the AHP appears gradual in core
precipitations during the LGM may have been higher thanGeoB4905-4, with a two-step reduction in precipitation from
during the MIS 3 and the early deglaciation until 12 cal. ka 7.5cal. ka BP to 6.5cal. ka BP and a final weakening of
BP, and hence sufficient to promote moderate diatom pro+ainfall at ~5.5 cal. ka BP, while termination of high pre-
duction in the eastern Gulf of Guinea. Discrepancies be-cipitation conditions was much more abrupt, though syn-
tween paleo-records from the southern part of the Gulf ofchronous, off Mauritania (deMenocal et al., 2000; Adkins
Guinea, tracking precipitation changes in the Congo Riveret al., 2006). Our result may indicate a weakening of the
drainage basin, and records from the northern part of the GulfNAM since 7.5 cal. ka BP, though the latitudinal range of the
of Guinea and western north Africa, tracking precipitation rain belt was probably the same until 5.5 cal. ka BP when the
changes in the Sanaga and Niger drainage basins, suggestset of the southward movement of the rainfall front began.
different precipitation dynamics over the basins drained byAs recorded by the total DAR, the termination of the AHP
the Congo and the Sanaga during the LGM or different im-was in phase with the cooling of surface waters in the east-
pacts of Sanaga and Congo rivers discharges onto the marirexn Gulf of Guinea (Fig. 5b), increase of sea-surface salin-
environment. First, the Congo drainage basin is influencedty (Fig. 5c), decrease of riverine input (Fig. 5d) and large
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drop in lake levels (Fig. 5g). Such dynamics for a gradualthe SST gradient between tropics and subtropics and, thus,
strengthening of the AHP between 15 cal. ka BP and 8 cal. kahe presence and extent of the Atlantic Cold Tongue (ACT) in
BP, maximum intensity and extent of the WAM during the the subtropical south Atlantic (Thorncrof et al., 2011). Warm
early Holocene and a gradual termination of the WAM be- sea-surface temperature anomalies in the Gulf of Guinea lead
tween 7.5 cal. ka BP and 5.5 cal. ka BP is also supported byo greater evaporation and water vapour in the lower tropo-

model output (Timm et al., 2010). sphere that, in turn, conducts to greater precipitations along
the Guinean Coast (Lebel et al., 2009). Historical observa-
5.2.3 Millennial-scale events tions of meteorological measurements along ships lanes in

the Equatorial Atlantic have shown that the ACT weakened

The diatom records from core GeoB4905-4 and other ma-and warmed by 1.5C over the last sixty years (Tokinaga
rine and terrestrial records from the Equatorial band demonet al., 2011). This recent SST warming reduced southwest-
strate that H1 was the driest period in western Africa dur-erly trade winds intensity and enhanced marine cloud cover
ing the last 40 cal. ka BP (Fig. 5). Increase in AR of wind- over Equatorial Atlantic and land precipitation over western
blown diatoms and opal phytoliths between 17 cal. ka BPEquatorial Africa during the boreal summer season.
and 15ka BP (Fig. 3f) indicated concomitant windy condi-  As it is difficult to unravel the impact of hydrographic
tions in agreement with the high dust loads recorded in Lakemodifications occasioned by glacial sea level drop and pre-
Tila during H2, H1 and the YD (Peck et al., 2004). The cipitation changes in western Equatorial Africa during the
YD was the second driest period of the last 40 cal. ka BPLGM, we here restrict the subsequent discussion to the last
(Fig. 5a). Dry conditions and low Sanaga River discharge20000yr. Based on the modern observations summarized
are also reflected by the 4 %o increase in sea-surface salirabove, we expect a causal relationship between SST in the
ity records from cores GeoB4905-4 (Weldeab et al., 2005)eastern Equatorial Atlantic and precipitation regimes in west-
and MD03-2707 (Weldeab et al., 2007c) (Fig. 5¢) and the deern Equatorial Africa during the last 20 cal. ka BP (Fig. 5).
crease in Congo River delivery (Weijers et al., 2009; Fig. 5d).We also expect a positive correlation between the SST record
A phase lag of-500 yr is present between records from core in core GeoB4905-4/MD03-2707 (Weldeab et al., 2007a, c)
GeoB4905-4 and records from cores located at the mouth oand our records of raphid freshwater and benthic/brackish di-
the Congo River. Disregarding dating uncertaintie2Q0yr  atom AR, and a negative correlation between the SST record
in each core during the deglaciation), this phase lag mayand the records of windblown microfossils (Fig. 3). The
again indicate different precipitation dynamics over the two SST records in core GeoB4905-4 and MD03-2707 (Fig. 5b)
drainage basins during southward and northward migrationgiemonstrate a similar temporal evolution to DAR and fresh-
of the WAM and associated rainfall belt (Weldeab et al., water/benthic diatom AR (Fig. 5a) over the last 20cal. ka
2011). Age model constrains do not allow, however, pre-BP. Ocean temperatures were slightly higher during the LGM
senting a more accurate comparison and a further discussiothan the surrounding H2 and H1 and subsequently increased
on this issue. gradually to reach a maximum during 10cal. ka BP and

The diatom records indicate that the AHP was interrupted5.5 cal. ka BP when they started dropping again. Varia-
by three prominent desiccation events centredHi cal. ka  tions in SST and intensity/extent of the ACT in the eastern
BP, ~8.5 cal. ka BP and 6.5 cal. ka BP (Fig. 5a). Except for Gulf of Guinea, forced by insolation changes at northern
the 8.2 cal. ka BP event, these millennial scale events are ndow latitudes (Weldeab et al., 2007c), may have been piv-
well expressed in the SST and SSS records from the eastemtal to drive precipitation changes on the Guinean coast. At
Gulf of Guinea (Fig. 3c and d), but are evident in records of a larger scale, additional processes are needed to explain the
African lake levels (Fig. 3g). Low AR of windblown diatoms amplitude/extent and dynamics of the WAM since the LGM.
and phytoliths during these rapid events (Fig. 3f) suggest thaClimate-vegetation models identified Northern Hemisphere
trade winds intensity did not change congruently. Within deglaciation and vegetation-albedo-precipitation feedbacks
dating accuracy, the 8.5cal. ka BP event evidenced in theéo enhance the intensity/extent of the monsoon and dictate
diatom records of core Geob4905-4 may represent the welthe precessional evolution of the WAM over the last 20 cal. ka
known 8.2 cal. ka BP event recognized worldwide (Alley and BP: a rapid onset between 14.5 cal. ka BP and 11 cal. ka BP,

Agustsdbttir, 2005). a gradual increase until 9 cal. ka BP, a maximum in inten-
sity/extent between 9 cal. ka BP and 7 cal. ka BP and a grad-
5.3 Forcing of precipitation changes in Equatorial ual reduction of moisture transport and a southward migra-
Africa during the last 40 cal. ka BP tion of the ITCZ since then (Timm et al., 2010), in agreement

with the diatom records in core GeoB4905-4.
5.3.1 Long-term evolution
5.3.2 Millennial-scale events
Precipitation changes over western Equatorial Africa at the
precessional scale are controlled by the WAM. The quantityMillennial-scale events identified in the diatom records from
of moisture available for the WAM is partly determined by core GeoB4905-4 and other records from Equatorial Atlantic
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and Equatorial Africa occurred under different mean climatevals. Precipitation changes were linked to variations in the

states but may have rather similar origin. west African monsoon regime, forced locally by variations
The dry events identified during the LGM, H1 and the YD in intensity and extent of the Atlantic cold Tongue and dis-

(Fig. 5a) were concomitant to pronounced sea-surface cooltally by changes in Northern Hemisphere climate. Warmer

ing in the eastern Gulf of Guinea (Fig. 5b; Weldeab et al.,sea-surface temperatures and greater discharge of dissolved

2007a), which reduced moisture availability to the WAM. silica during the early Holocene promoted the development

High AR of windblown diatoms during these periods arguesof oligotrophe subtropical diatoms at the expense of eutrophe

for more intense atmospheric circulation that could allow for coastal diatoms. Oligotrophe diatoms are large and highly

the spreading of the ACT. Climate modeling suggested thasilicified, and their export to the sediment resulted in the high

such temperature cooling, enhanced atmospheric circulaepal accumulation during the African Humid Period.

tion and precipitation reduction was induced by a southward
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