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The Initial States of the Earth’s Mantle
and Moon-Forming Disk

Miki NAKAJIMA

California Institute of Technology, Pasadena, CA
91125

Abstract:  According to the giant impact hypothesis,
the Moon formed from a partially vaporized disk gen-
erated by an impact between the Earth and an impac-
tor about 4.5 billion years ago. The details of this pro-
cess, however, are still debated. Suggested models
include; (a) the standard model: a Mars-sized impac-
tor hit Earth; (b) the fast-spinning Earth model: an
impact between a fast-spinning Earth and a small im-
pactor, (c) the sub-Earth model: a collision between
two half Earth-sized celestial bodies. It has been
shown that models (b) and (c) could explain observed
similarities of the isotopic ratios between Earth and
the Moon, but it is not clear yet if these models are
consistent with other geochemical observations. For
example, Earth’s ancient rocks seem to indicate that
Earth’s mantle was not mixed at least in the first bil-
lion years. This implies that the Moon-forming impact
did not have enough energy to mix the mantle. An-
other observation is that the Moon is depleted in vola-
tiles with respect to Earth. To investigate whether the
impact models are consistent with these observations,
we have performed giant impact simulations and
identified the initial states of the Earth’s mantle and
the Moon-forming disk. We find that the Earth’s man-
tle remains unmixed in (a), but it may be, at least par-
tially, mixed in (b) and (c). This may indicate that (a)
may be more favorable to explain the unmixed man-
tle. We also find that the Moon-forming disks of the
recent models are much hotter than that of the stan-
dard model. Our disk model can be used to estimate
the Moon's volatile contents in our future work.
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