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(1) Heinrich events 
(2) Meltwater pulse 1A (MWP-1A)  
(3) Dansgaard-Oeschger (D-O) events 
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Two modes: Heinrich and D-O 



Heinrich Layers  

Ice-Rafted Debris 

Heinrich Events 



Heinrich events and climate 

1993 

1994 



70 60 50 40 30 20 10 0
Age (ka)

-44

-40

-36

δ1
8 O

 (p
er

 m
il)

-40
-38
-36
-34
-32

δ1
8 O

 (p
er

 m
il)

H6 H5 H5a H4 H3 H2 H1 H0 

The iceberg discharges…appear to have been 
triggered by climate or a climate-related mechanism 
rather than vice versa.  

1995 



Heinrich events – cold in N, warm in S 
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Subsurface warming with reduced AMOC. 
Basal melting of ice shelves and/or G.L.’s 

“oceanic lowblows” 

Liu et al. (2009) 



Heinrich events – response to climate 



(2) MWP-1A 

Deschamps et al. (2012) 





Iceberg Alley 

Probability of presence of small icebergs (0.1 to 3 km) 
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AID 6 = 14.8 – 14.4 ka 
Tahiti = 14.65 – 14.31 ka 

Weber et al. (2014) 



Golledge et al. (2014) 



Weber et al. (2014) 

Responses to FW forcing: surface cooling, sea-ice  
expansion, halocline formation, reduced AABW,  
poleward migration of CDW, subsurface warming. 



Surface air temperature 485-700 m water depth 

Golledge et al. (2014) 
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(2) D-O events and IRD 

Petersen et al. (2013) 



Canonical D-O event 

Li et al. (2005, 2010) 



Canonical D-O event – two timescales 

Conceptual model 

Petersen et al. (2013) 

(b) Shelf collapse, 
sea-ice retreat 

(c) Shelf growth 
(d) Sea-ice advance 
(e) Cold climate, 

reduced AMOC 

(a) Cold climate, 
reduced AMOC 
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Primary geological archive: 
Iceberg-rafted debris (IRD) 
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