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Context  (2-3 lignes)  

El Niño Southern Oscillation (ENSO) is a major source of extreme climatic events at the interannual scale. Its 

response to anthropogenic climate change is not known, nor is the potential range of changes in its variability. 

The Eemian (MIS5e, ~129-116ka) offers an opportunity to observe ENSO under warmer global conditions.  

Objectives / scientific questions (2-3 lignes)   

Our aim has been to reconstruct the amplitude of the seasonal and interannual climate variability related to 

ENSO in during the MIS5e using (1) fossil mollusk shells from the Peruvian coast, (2) laminated marine sediments 

collected off Peru (ODP686), and (3) collect fossil giant clams from the Indo-Pacific warm pool. 

Main results  

The amplitude of ENSO variability (Standard deviation of ENSO anomalies) in Peru was twice larger in the MIS5e 

than in the Holocene or in the modern period. The potential climatic range of ENSO is dramatically increased. 

Seasonal variations of Ti and other terrigenous metals is recorded in laminated sediments from Peru yielding the 

possibility to estimate the relationship between ENSO-related variability and mean oceanographic conditions.  

  

 
Figure 1. Distribution of ENSO anomalies in 

southern Peru reconstructed from M. 

donacium isotopic records 

 
 

Figure 2. Top: alkenon-derived SST (black) and nitrogen isotopes in 

ODP686 sediment core. Bottom: High resolution (0.1mm) XRF record 

of Ti in a laminated section. Seasonal to interannual variability of 

fluvial input is recorded.  
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Fossil bivalves record monthly scale variations of SST in the Peruvian coast. The statistics of ENSO anomalies was 

obtained from a sample of 10 fossil M. donacium shells from an uplifted marine terrace (~130-120ka based on 

isotopic stratigraphy) in southern Peru. The comparison with the distribution obtained from the same species and 

the same area for the modern period and the Holocene indicates a larger seasonal variability of SST in the MIS5e 

and a variance that was 4 times higher than in the modern sample and 5 times higher than in the Holocene 

sample (Figure 1). The large seasonality shows that the upwelling seasonality in Peru is largely driven by the 

circulation in the northern hemisphere where the seasonal insolation contrast was much higher than today. We 

confirm the positive relationship between ENSO and seasonality observed in Holocene records. This interannual 

variability, unprecedented in any instrumental or proxy record, indicates that ENSO has a much larger range of 

variability than previously thought.  

This study is complemented by high resolution XRF records of laminated sediments from Peru. We show that, at a 

0.1mm resolution, seasonal to interannual variability, related in Peru to ENSO, is recorded. 5 out 18 laminated 

sections have been analyzed (the analyses were interrupted for technical reasons) (Figure 2). The relationship 

between the ENSO variability and mean oceanographic conditions (denitrification, Redox conditions, SST, primary 

productivity) are being reconstructed.  

New samples of Giant clam shells of MIS5e reefs were sampled in Sumba Island during a field trip in 2017. These 

samples are undergoing preliminary analyses. We anticipate to submit an independent research proposal which 

will provide funding necessary for the analyses of these samples. Comparison of Giant clam shells from this 

locality will enable to test if ENSO variability was increased during this time interval with effects on surface 

hydrology across the Pacific Ocean and the Indian Ocean. 

 

Future of the project : 

- The unexpected results on ENSO in the MIS5e open new questions about the forcings of ENSO. When only 

forced with insolation, climate models simulate a reduction of ENSO amplitude in increased precession conditions 

such as those of 125ka, in opposition with our record. Other forcings must have influenced ENSO, possibly ice 

sheet melting (the sea level was 2-5m higher than today in the MIS5e), and should be better evaluated.  

- The high-resolution analysis of laminated sediments opens also new possibilities to explore the link between 

high frequency variability and mean conditions at a broad range of time scales.  

- Giant clam shells collected within the scope of this and previous projects in sites across Indonesia (Sumba and 

Sulawesi) will also provide a test for increase interannual variability during this period. 
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