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ODP Leg 160 



Climatic  
precession 
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forcing of 
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Insolation control of the 
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Precession influence on African Monsoon 
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Astronomical solution 

  Part 1: Orbital part, solves planetary system, 
used to compute eccentricity 

  Part 2: Earth-Moon part, solves the Earth-
Moon system, used to compute precession 
and obliquity 

  Part 3: Earth part, tidal dissipation and 
dynamical ellipticity, affect precession and 
obliquity 



Astronomical Solution (La90-93) 

 Tidal Dissipation Term 

           w present = 1 

           w ice-age = 0 to 1 

Dynamical ellipticity 

           w present = 1 

           w ice-age < 1 

These parameters both affect precession and obliquity and are 
added as suffix and between brackets to the solution, so La90(1,1) 
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Monte dei Corvi 

Zeeden et al., 2014 



Correlation coefficient and 
obliquity phase 

Zeeden et al., 2014 

~9.5 Ma ~12.0 Ma 



Conclusions 
  Earth’s orbital and inclination cycles have a 
marked effect on climate. 
  Astronomical tuning underlies the standard GTS 
over the last 60-70 million years. 
  The ATS will result in unit stratotypes for stages 
and Milankovitch cycles as chronozones.  
  Climate models are very useful for understand-
ing astronomical climate forcing.  
  Paleoclimate data are needed to constrain the 
Td/dE values in the astronomical solution. 
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Milankovitch on Mars 
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Danian  
Unit Stratotype 
•  Zumaia section 



P/O 
interference 

9.5 Ma 

La93(1,1) 
 

 
 

 
 



Laskar et al., 2004 



Laskar et al., 2004 

•  first time astronomical computations used 
to establish the chronology over a full 
geological period (Neogene, last 23 million 
years) 

•  makes it possible for paleoclimatologists to 
be (much) more precise in dating the 
geological events and understand 
paleoclimate 

•  The next step … is to provide an 
astronomical calibration of the Paleogene 
that covers the past 23-65.5 Myr. 
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