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Context  (2-3 lignes)  

In 1990, A. Bakun hypothesized that the increase of greenhouse gases in the atmosphere and related global 
warming during the 20th century could be responsible for an intensification of upwelling and thus cooling of sea 
surface waters in these regions due to enhanced favorable winds along the coast. Since then, this hypothesis 
continues to be an important debate within the scientific community.  

Objectives / scientific questions (2-3 lignes)   

The aim of RECCORDS project is to test Bakun’s theory in order to get a more accurate view of global upwelling 
patterns. Proxies of SSTs, surface productivity (TOC) and sediment grain-size measured in multi-tube cores were 
combined to characterize spatial and temporal trends in coastal upwelling off Peru, NW Africa and California.  

Main results  

Cores from major upwelling regions were analyzed for biomarkers, organic matter and sediment grain size 
distributions to investigate Sea Surface Temperature (SST) trends and variability and associated dynamical 
changes.  Reconstructions of SSTs, surface productivity (TOC from rock eval) and grain size parameters, specially 
sortable silt in three upwelling systems over the past century were generated from three multi-core sediments: 
core ST11 off Pisco (Peru), core 11S off Mauritania (Canary system) and core C33 from off California.  In addition, 
SSTs derived from alkenones were determined in three cores collected along a N-S transect in NW Africa: core 2S 
(19°N), 11S (21°N) and 24 S (26°N). Dating of all cores was performed using 210Pb. 

Our first task was to evaluate the performance of sortable silt as a proxy of near bottom current intensity in 
upwelling systems, for the first time. As it is the case in bottom current that has been studied in contourites at 
depths >1000 m (McCave et al., 1995), hydrodynamic modeling experiments off Namibia have shown that the 
upwelling circulation enables the transport of particles of different grain-sizes up to the sand size but most 
transport on the upper slope (i.e. upwelled waters) is restricted to silt grain-size (Huhn et al. 2007) implying that 
upwelling variability should thus be captured by SS.  

SS and percentage of the sortable silt fraction? (SS%) for these cores are shown in figure 1. Correlations between 
these two parameters were calculated to evaluate the ability of SS to reflect the flow speed history at each site 
(McCave and Andrews, 2019). The SS-SS% relationships show a strong Pearson coefficient (r>0.69), which 
indicates that the sediments are well sorted by bottom currents. However, wind transport can act in a similar way 
as bottom current and induces sediment sorting. 

First results in the Peru, California and NW Africa upwelling systems indicate distinct trends (Figure 2). The impact 
of changes in upwelling indices was estimated in the form of linear relationship.  In core ST11, off Peru, all our 
upwelling proxies suggest an intensification of the upwelling over the past 150 yrs and a notable increase since 
1940. The SST cooling (about 1°C) and co-eval increasing TOC and SS suggest enhanced upwelling circulation. 
Similar results were found in core DIPAL C33 off California. 

In core 11S, off Mauritania (NW Africa), the SST proxy shows a 1°C increase. Due to the fact that the core was 
collected at 1200 m water depth, the SS of core 11S is probably related to eolian transport. However, higher grain 
size was associated with a warming of surface waters and no significant change in surface productivity.  Previous 
work off NW Africa over the 1981-2011 period indicates the wind actually intensified but sea surface warmed 
(Benazzouz et al. 2015).  
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Future of the project : 

New funding from LEFE (RECCORDS2) for the years 2020-2021 was obtained for the analyses of new cores. This 
has enabled to better understand the link between grain-size in sediments and upwelling circulation and confirm 
our result off West Africa.  
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 Figure 2 

Figure 1: Relationship between sortable silt grain-size mean (SS) and percentage (SS%). 

Figure 2: Downcore profile of alkenone SSTs, total organic carbon (TOC) and sortable silt mean grain size (SS) at the 11S site, 
off Mauritania and at ST11, off Peru since 1850. 
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