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COUPLED THERMAL-DYNAMIC EVOLUTION OF THE EARTH-MOON SYSTEM; M.N. 
Ross and G. Schubert, Department of Earth and Space Sciences, University of 
California, Los Angeles, CA 90024 

Despite the uncertainty in the mechanism of lunar origin, several aspects 
of the evolution of the lunar orbit seem clear (1,2): 1) the Moon formed near 
the Earth 4.6 Gyr ago, 2) oceanic dissipation (Q = 11) presently dominates 
the solid Earth dissipation (Q = 250), 3) as recently as about 1 Gyr ago the 
oceans could not have been as dissipative as they are now or the Moon would 
have moved beyond 60 Earth radii. 

Shortly after accretion, the Earth and Moon were nearly molten (3); solid 
planet Q would have been about 10 at this time. Therefore, solid planet 
dissipation likely dominated the Earth's total tidal dissipation for some 
time, until the Earth cooled and its solid Q approached the present value. 
Several issues are raised by these points. When did solid Earth dissipation 
become less important than oceanic dissipation? Given that lunar Q was also 
about 10 shortly after accretion, was lunar dissipation ever important in the 
Moon's dynamic or thermal evolution? How do the details of the thermal 
evolution of the Earth and Moon affect the evolution of the lunar orbit? 

The coupled thermal-dynamical evolution of the Earth-Moon system is 
simulated. The lunar orbit is assumed noncircular and inclined to the 
Earth's equatorial plane. Dissipation in the Moon occurs by solid friction, 
represented by a temperature and frequency dependent Q. Dissipation in the 
Earth is by temperature and frequency dependent Q and by oceanic dissipation, 
modelled as an equilibrium ellipsoid with constant phase lag. Subsolidus 
convection removes primordial and radioactive heat and cools the Earth and 
Moon (4). Simulations without oceanic dissipation show that the Moon moves 
out to about 50 Earth radii in only about 500 million years. Dynamic 
evolution essentially stops after this because the Earth cools and becomes 
less dissipative. A simulation that includes oceanic dissipation, and is 
consistent with interpretations of geologic and biologic indications of the 
lunar distance in the ancient past, has oceanic dissipation 'turn on' at 650 
Myr ago with equivalent Q-11, the present value. In this model about 90% of 
the lunar angular momentum received from the Earth is the result of solid 
friction, and the Moon spends about 60% of its lifetime near 50 Earth radii. 
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