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ABSTRACT

Recent geochemical analyses of returned Itokawa samples have
yielded important age estimations. For example, the cosmic ray
exposure ages are less than 10 Myr (Nagao et al, 2011, Meier et al,
2014), and Ar4/Ar3? age is ~1 Gyr (Park et al, 2014). The geologic
meaning of these radioisotope ages, however, is not fully
understood. One of the obstacles against such geologic
interpretation of these radiometric ages is the great ambiguity in
the resurfacing processes; resurfacing processes on Itokawa is
still highly unknown. Hayabusa imaging observations revealed a
number of unfamiliar circular features on Itokawa surface, which
is possibly impact craters (Hirata et al, 2009). If those features
are 1impact craters, the crater retention age would be 75Myr -
1Gyr assuming strength scaling (Michel et al, 2009). This large
uncertainty in retention age estimates comes from that in crater
size scaling. Two kinds of crater size scaling are commonly used:
the gravity scaling and the strength scaling (e.g., Holsapple,
1993). Previously a few cratering experiments on coarse-grained
targets have been conducted (Giittler et al., 2012, Holsapple and
Housen, 2014), however there is no unified explanation yet.
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Moreover, crater size is controlled by the mechanical properties of
both surface and near-surface layer. Itokawa possibly has a
boulder-rich layer on a finer regolith-rich substrate.
Observationally some of the circular depressions show their floors
are filled with fine regolith. Such structure may also be formed
via so-called Brazilian-nuts effect (e.g., Rosato, 1987).

Additionally, impact experiments on asteroid 1999JU3 will be
carried out in the upcoming Hayabusa-2 mission. The spacecraft
are designed to acquire the samples of the asteroid by launching
impactors to the surface. While 1999JU3 may have
coarse-grained surface, our experimental data are also important
for estimating the penetration depth of the impact samplers.

In this study, we experimentally investigate the crater scaling
on layered structures with boulder-rich layer and regolith
substrate. We used the sintered-glass beads blocks as boulder
simulants and 200um glass beads as regolith simulant. We
employed three types of targets: (1) a 20-mm-thick block layer on
a regolith substrate, (2) a 40-mm-thick block layer on a regolith
substrate, and (3) a uniform regolith layer. Polycarbonate
projectiles 10 mm in diameter (0.76g) were launched at ~70 - 190
m/s.

When impact energy is low, the sizes of craters on the layered
structures turned out to be smaller by ~20 - 40% than gravity
scaling. However as impact energy increases, crater sizes on such
surface goes to gravity scaling rapidly. When the projectiles pass
completely through the pebble layer, crater size coincides with the
gravity scaling.

Our experimental results, however, indicate that the crater
scaling on layered targets is rather close to the gravity scaling
than the strength scaling. This result i1s consistent with a
prediction on impact experiments with much large impact energy
on uniformly coarse-grained targets (Holsapple and Housen,
2014). Then, the crater retention age of Itokawa would be
estimated to be < 10Myr. This age is comparable to CRE age and
much shorter than the Ar49/Ar39 age.
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