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•  What are millennial oscillations? 

•  How do millennial oscillation during interglacial compared 
to those during glacial periods? 

Millennial Changes: δ18O in Ice Sheets  
Ch. 14, p. 251-269 

•  What evidence of millennial changes do we find in 
Greenland ice cores?	


•  How do the processes that control δ18O changes measured in 
ice sheets differ from those measured in ocean cores?	






Oscillations Recorded in Greenland Ice Cores 

Focused on oxygen isotope ratios and dust Early studies in the 
1970s Rapid, large fluctuations mask slower orbital changes 

Minimizing the ice flow impacts on deeper ice layers 
Millennial oscillations throughout the last glaciation 

Recent studies since 
early 1990s 

















•  What initiates these oscillations? 
•  How are they transmitted to those parts of the climate system where 
they have been observed? 

Causes of Millennial Changes 
Ch. 14, p. 261-268 

•  Why are they stronger during glaciations than during interglaciations? 

•  Why would the climate system oscillate in such a way? 

•  H1. The natural oscillations inherent in the internal behavior of 
northern hemisphere ice sheets.	

•  H2. The result of internal interactions among several parts of the 
climate system.	

•  H3. A response to solar variations external to the climate system.	














•  What are millennial oscillations? 

•  How do millennial oscillation during interglacial compared 
to those during glacial periods? 

Summary-Discussion: 

•  What evidence of millennial changes do we find in 
Greenland ice cores?	


•  How do the processes that control δ18O changes measured in 
ice sheets differ from those measured in ocean cores?	



