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According to the Milankovitch theory, the 100 kyr glacial cycle is caused by changes in 

insolation (solar heating) brought about by variations in the eccentricity of the earth's orbit. 

However there are serious theoretical difficulties. The insolation variations are too small to drive 

the cycles, and a predicted strong 400 kyr modulation is not present. Moreover, there are specific 

disagreements between a strong glacial cycle at both 400 ka and the present, times when the 

eccentricity modulation is near zero; this conflict is also called the "Stage-11 problem." (ref 1). 

In addition, improved measurements have uncovered an apparent causality problem: the sudden 

terminations of the glacial cycles appear to precede the increases in insolation, although this 

interpretation has been disputed. (ref 2) We suggest that a radical solution is necessary to solve 

these problems, and we propose that the 100 kyr glacial cycle is caused not by eccentricity but by 

the previously ignored parameter: the orbital inclination i, the tilt of the earth's orbital plane. 

Ancient climate is recorded in sediment through change in the oxygen isotope ratio, delta(O-18), 

which is believed to reflect the percentage of the Earth's water frozen in ice. The figure shows 

delta(O-18) (dotted line) for the last 600,000 years from the SPECMAP compilation of data from 

five sea-floor cores.(ref 3) The figure also shows the orbital inclination i (solid line), calculated 

by direct integration of planetary perturbations,(ref 4) transformed to the invariable plane (the 

plane of symmetry of the solar system), and shifted to give the best least-squares fit to the 

delta(O-18) data. 

 



Comparison of orbital inclination (solid line, lagged by 33 kyr) and delta(O-18) climate data 

(dotted line) from SPECMAP 

Only three parameters were adjusted, one for the delay, and two for the overall scale.) For the 

best fit, i preceded delta(O-18) by 33 ±3 kyr; since this is positive, there is no causality problem. 

Likewise the presence of a strong variation in i near 400 ka solves the Stage-11 problem. 

The existence of the 100 kyr cycle of orbital inclination does not seem to have been previously 

noticed by climatologists or astronomers. It may have been missed for two reasons. Ever since 

Milankovitch, the implicit assumption has been that insolation is the driving force for climate 

cycles, and insolation is not directly affected by orbital inclination. Secondly, the 100 kyr cycle 

is not evident when i is calculated in the usual reference frame based on the present orbit of the 

earth. Only when transformed to the invariable plane (or a plane near it) does the 100 kyr cycle 

unmix from the obscuring effect of a strong 70 kyr orbital precession cycle. We note that a 70 

kyr cycle has been reported in delta(O-18) data from other sedimentary samples, and we suggest 

that this cycle may be related to orbital precession. 

The only mechanism we have found that could link orbital inclination to climate is 

extraterrestrial accretion of meteoroids or dust. Such material can be detected in ice and 

sedimentary rock through analysis of iridium; Walter Alvarez has pointed out that extraterrestrial 

dust cycles could be detected using He-3. If this mechanism is correct, then a 100 kyr cycle 

should be seen in ice and sediment records of extraterrestrial accretion. 
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