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Alternative hypotheses for making the Moon

‘ he article “Making the Moon” by

Dave Stevenson (PHYSICS TODAY,
November 2014, page 32) is an in-
teresting one. It provides a nice sum-
mary of the history of that puzzle to-
gether with a clear explanation of the
seemingly contradictory observations
that must be reconciled in order for us
to understand how the Moon was
formed. And, as the article acknowl-
edges, the puzzle remains as unsolved
today as it ever was.

A paper by Edward Belbruno and
J. Richard Gott III, which Stevenson did
not cite, provides a truly compelling
case for the low-energy, Mars-sized im-
pactor scenario for the formation of the
Moon.! Belbruno and Gott posit that a
large body could have formed at one of
the two stable Lagrange points (dubbed
L4 and L5) that are co-orbital with
Earth, grown to a substantial size, and
eventually gotten kicked loose by inter-
actions with other planetesimals. Thus
that large body could have been put in
a so-called horseshoe orbit in conjunc-
tion with Earth and eventually gotten
perturbed to the point that it impacted
Earth.

The scenario above makes it easy to
reconcile the angular momentum,
Earth-matching oxygen-isotope abun-
dance, and lack of iron core in the
Moon. Also, Lagrange and horseshoe
orbits are common. Jupiter has large
agglomerations of asteroids at its two
stable Lagrange points. Saturn’s moons
Janus and Epimetheus are in a horse-
shoe orbit around the planet. And even
Earth has an asteroid (AA29) in a horse-
shoe orbit with it.

The scenario put forward by Bel-
bruno and Gott explains all the hard-to-
reconcile observations.
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B Dave Stevenson, in his article “Mak-
ing the Moon,” suggests that the giant-
impact hypothesis is an appealing one.
I see some truth in that, yet it invokes a
hypothetical Mars-like planet, “Theia,”
for which there is no current evidence.

Advocates of the giant-impact hy-
pothesis also have to get around the
problem that the Moon and Earth are
isotopic twins having, to high precision,
the same oxygen and titanium finger-
prints. Theia is thought to have formed
at roughly the same distance from
the Sun as Earth did, but it is still likely
to have had a different composition
because of variations in solar system
nebulae.

So the theory lacks a mechanism
for the Moon and Earth to have identi-
cal isotopic compositions.! A novel
equilibrium-of-oxygen-isotopes hypoth-
esis has been proposed,? but the finding
that titanium, which is highly refractive
and would not easily equilibrate, also
exhibits identical isotopic compositions
is clearly a challenge for the giant-
impact view.?

Numerical simulations can achieve
Earth and Moon isotope compositions
that are similar to each other, but cur-
rently only with proto-Earth spinning
every 2.7 hours, close to the rotational
instability limit. That spin period
means the angular momentum of the
Earth-Moon system would have been
much higher before collision than
today. “Evection resonance,” described
in Stevenson’s article, was recently pro-
posed to address the problem of having
to remove excess angular momentum.*

In view of the current problems of the
giant-impact hypothesis (contamination
by Theia, problem of excess angular
momentum, presence of lunar water), I
propose an alternative hypothesis: ex-
plosive fission, in which the mantle of
an initially fast-spinning proto-Earth is
fragmented and the Moon is thrown off
as a spinning cannonball. Explosive fis-
sion might explain the Moon’s anom-
alously high orbital angular momentum.

The new Earth would recoil with explo-
sive torque as the Moon took up a non-
equatorial orbit.

In this scenario, the Moon is initially
close to Earth and would be subject to
strong tidal disruption—a potential
problem, but total disruption is not
necessarily a certainty. So in principle,
survival of an ejected Moon into orbit
cannot yet be ruled out.

Explosive fission requires no excess
momentum. An explosion assumes no
external torques and so conserves the
vector angular momentum. Therefore,
if proto-Earth had the same angular
momentum as the current Earth-Moon
system, it would have had a spin period
of approximately four hours, well be-
yond the instability period. An explo-
sion could also account for the change
in Earth’s axial tilt from its initial 9° to
today’s 23.4°.

Heterogeneous cold accretion is pre-
ferred since, by proto-Earth forming
under low temperatures, water is re-
tained along with the other metallic and
nonmetallic volatiles in addition to the
nonvolatiles. Proto-Earth’s iron core
could have been built at a low temper-
ature from iron particles that collided
and stuck.® Gravitational differentia-
tion and the explosion would provide
an additional main heat source lacking
in other cold-accretion models.

Explosive fission could have been
fueled by the combustion of hydrogen
released from water stored inside
proto-Earth, but originally sourced
from a cold solar-system nebula. This
scenario is consistent with the presence
of Earth’s water (oceans and within the
mantle) and the discovery of lunar
water.

A mechanism is needed to split
primordial water into the required hy-
drogen and oxygen. One mechanistic
model for the hydrogen explosion is
a spherical shell of water and other
solar gas-cloud components trapped
between proto-Earth’s core and the
overlying mantle. The mantle, in gravi-
tational collapse, would have adia-
batically compressed and heated the
aqueous shell to effect the thermal de-
composition of water (typically efficient
at 3000-4000 °C) and the explosion that
quickly followed.

The ignition and combustion of the
hydrogen shell would have created a
high-temperature and high-pressure
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