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When attempting to match oxygen isotope records to orbital forcing a la 
Milankovitch, it is soon discovered that there is something amiss: Stage 
11 stands out like a sore thumb. Presumably the ice ages integrate the 
forcing and they oscillate while being forced (that is, there is lagged 
negative feedback in the system: big ice sheets promote further growth, 
but become unstable with time). Stage 11 reflects internal oscillation.

Note the 
glaring 
mismatch 
for Stage 11.

Comparison 
of tuned 
record and 
presumed 
forcing.

Data for isotope record: Berger et al. 1993, ODP Leg 130 
orbital data: A. Berger and Loutre, 1991



Nature of the Mid-Pleistocene Revolution (MPR) in the ZLR template (standardized units of 
oxygen isotopes for the last 2 million years). Upper panel, template. Middle panel, 96-kyr cycle 
synthesized from Fourier elements (bandwidth 83.3 to 114.3). Lower panel, similarly 
synthesized 41-kyr cycle (38.1 to 44.9).

The Stage 11 paradox flags a problem: the response to forcing, if 
any,  is not as expected.

In addition, there is a 
major change in 
response at the MPR 
near 900,000 years 
ago: long cycles 
become dominant 
over 41-kyr cycles 
(although the latter 
persist).

Isotope data Zachos et al. 2001, Lisiecki and Raymo, 2005, combined.






