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ABSTRACT
The evidence for intense cratering early in the history of the moon is presented. This early cratering rate, averaged over

the first seventh of lunar history, was about two hundred times the average post-mare rate, and may have had a peak still much
higher. Surface crater densities are thus not proportional to surface age. The large, circular mare basins fit the diameter dis
tribution of the early continental craters and are therefore identified with pre-mare cratering. This cratering is assumed to be
due to a high early bombardment rate by objects of uncertain origin. Mars shows no such early intense cratering. Some con
siderations on the origin of the objects are given.

T'he evidence for an early intense cratering of themoon comes from the very high density of pre-
mare craters in continental or upland regions and
the probability that the formation of the maria
occurred quite early. Kuiper (1954) proposed early
intense bombardment both on the above grounds
and on the basis of visual observations of smooth,
intercrater upland regions, which he took to be parts
of an original, accreted, uncratered crust. This raises
the important possibility that the original surface was
not marred by major impact features. More recently,
the possibility has been raised that smooth upland
areas might result from other causes, such as vol
canic activity, overlapping ejecta blankets, or early
flooding overlain by thin opaque ejecta layers. In
1963, Alter also found evidence that ancient upland
features predate the craters, suggesting that the gen
eral background has not been due to impact.

During the last fifteen years, Urey has assumed
an early intense bombardment for a different reason:
that the maria are a mixture of dust and lava flows
produced by fusion at the time of impact. This would
require that all basin-forming impacts occurred
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within a time less than the cooling time of the lava
fills, i.e., as short as "some thousands of years." The
high density of "Archimedian" or post-basin, pre-
mare craters, however, testifies that the interval
between impact and flooding was appreciable.

Others hold that there is no evidence for early
intense bombardment. Disregarding theoretical and
meteoritic indications that the mare-forming period
was confined to early lunar history, they choose the
simplest possible interpretation of the data: the age
of any surface is directly proportional to the crater
density. This ad hoc assumption led Fielder in 1963
to conclude that no major mare is older than 7 x 108
years, thus confining mare formation to the last 15
percent of lunar history. This appears unacceptably
recent, in view of the early melting of other planetary
bodies.

Figure 1 shows a comparison of crater densities
averaged over mare surfaces with crater densities in
selected "pure continental" regions. The basins of
the large, circular maria fit perfectly onto the con
tinental crater curve, indicating that they are simply
the large-diameter extension of continental craters
and presumably were formed by the same basic
process.
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