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Introduction: The 2500 km diameter basin (transient
crater ~2000 km (?)) on the far-side of the Moon (1),
known as South Pole-Aitken, records an impact of an
extraordinarily energetic object near the end of the
period smaller scale saturation cratering that followed
the solidification of the lunar crust.  South Pole-Aitken
is just the most obvious manifestation of possibly four
or five other such huge early impacts, including the
3200 km diameter front-side basin, Procellarum (2).
An even older, third structure or cryptic basin ~3000
km in diameter, centered roughly on Mare Tranquilli-
tatis, is indicated by a partial ring of anomalously high
iron+titanium seen in the Lunar Prospector thermal
neutron data between latitude +30° and -45° and lon-
gitude +60° and +120° (3).  Similarly, a circular albedo
and gravity anomaly about more than 2000 km in di-
ameter, defined by mare basalt exposures comprising
Mare Australe, can be outlined on Clementine images
(4).

On the basis of the degree to which on-going
saturation cratering has affected their impact mor-
phologies, Schmitt (2) estimates that the more highly
degraded Procellarum basin formed at about 4.3 b.y.
Crystallization ages near 4.3 b.y. for some of the
Apollo 14 KREEP-related samples may be related to
the Procellarum event.  In response to such an event,
KREEP-rich basalt intrusions and extrusions might
have been emplaced throughout the Procellarum region
(5).  South Pole-Aitken probably formed at about 4.2
b.y. In this regard, it can be argued that the South Pole-
Aitken event took place near the end of the highlands,
~70 km diameter crater saturation and megaregolith
formation period.  For example, this event removed
most of the insulating megaregolith of the cratered
highlands, also thinning the total crust to about 40-km
thickness (6),  however, little new insulating megare-
golith formed afterward explaining the relative paucity
of mare basalts in South Pole Aitken.  Gravity model-
ing also indicates that the lunar crust has been thick-
ened by ejecta on the highlands surrounding South
Pole-Aitken.  The combination of ejecta of cratered
highlands material from South Pole Aitken and Pro-
cellarum thickened the crust between them to about
100km.

If these formation ages for South Pole Aitken
and Procellarum are about right, impact melts in basins
of this size may have had a role in the formation of the
detrital zircon (ZrSiO4) crystals of about the same ages
recently discovered in very old sedimentary rocks on
Earth (3,4).
Impact melt zircon: Zircon crystallizes from silica-
rich igneous magmas in the late stages of crystalliza-
tion when zirconium concentrations get sufficiently
high due to most other minerals having crystallized.
Late stage crystallization also tends to produce other,

silicate minerals that are characteristic of those that
make up the Earth's continents.  Early impacts on the
continental scale of South Pole-Aitken and Procel-
larum, occurring in water-rich environments such as
the Earth and Mars, would create thick sheets of im-
pact generated rock melt more than a 2500 km across
and many kilometers thick.  As these magma sheets
crystallized, zirconium concentrations may have
reached levels sufficient to produced zircons such as
those recently described.  Erosion of these proto-
continents would release the zircon crystals for inclu-
sion as sand grains in ancient sediments.  As zircons
are extremely hard and durable, they can survive sev-
eral cycles of erosion.  The very old terrestrial zircons
that have been dated and had their oxygen isotopic
ratios determined apparently formed in the presence of
water (3,4) consistent with this hydrous impact melt
sheet hypothesis.
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