ltokawa’s cratering record

as observed by Hayabusa -
Implications for its age
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1. Introduction
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2. Distribution of craters on ltokawa
observed by the Hayabusa mission
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Fg. 1. R-plot of the size-frequency distributions of craters and boulders on lkokaesra

overlain on the crater counts for Eros from Chapman et al. (20021 The diameters
are the mean diameters of the craters, hased on the major/minor axes given in
Hirata et al. {20:09],
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3. Model of crater accumulation

on ltokawas surface

3.1. Scaling laws for crater formation
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Crater vs. Projectile Diameter for Itokawa
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Fg. 2. Comparison of the scaling laws used in this modeling for comverting impactor
diameter into crater diameter on ltokawa, The crater diameters given here are the
final rim-to-rim diameters. The “Strength-A" line s based on ydrocode simulations
by Molan et al. (1996) and the “Strength-B” line is based on impact experiments
and explosions in hard rock, from Holsapple (1993). The “Gravity™ line is the max-
imum size of a crater that can be formed in the gravity regime in competent rock,
from Holsapple [1993). As the stremgth-scaled limit is always lower than the gravity-
scaled limit for the impactor size range shown here, the strength-scaled limit will
determine the finale crater size.



3.2. Model projectile population
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3.3. Crater erasure processes
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34. Seismic shaking erasure
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Fig. 4. Plot of the seismic diffusion constant per impact (K;) for Eros, determined

by Richardson et al. (2004), and the estimated form of the relation for [tokawa (see
testt For details), O ’r I\jj Ij . Dp —_ %,‘J 5 mim



5. Discussion about seismic shaking
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Fg 9. Seismic shaking parameter K;j used for the ltokawa and Eros simulations,
with the curve calculated for Eros by Richardson et al. (2004) shown for com-
parison. Here, the curves for [tokawa are those that match craters of Classes 1-4
of Hirata et al. (2009). If only the Classes 1-3 were considered, as in Fig. 7, the
K; curves should be raised by a factor of 2. A mobile regolith thickness k of 0.1 m
is assumed for all simulations, Doubling R for a given asteroid would result in the
respective K; curves being shifted down by a factor of 2, in order to give the same
degree of seismic shaking erasure. For Itokawa, a “family” of curves with different
small-size cutoff diameters is given, all of which give the same amount of seismic
shaking erasure and hence the same final crater population. The [tokawa curves only
extend to -~ 10 m because that is roughly the largest size impactor that hits [tokawa
over its history in our simulations, The lowermost K; curves for ltokawa in eac

plot are the one that were actually used to generate the model crater populations
in Figs. 5 and &



4. Modeling the crater history on
ltokawa and comparison with Eros
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Fig. 5. Comparison of our model fits to the liokawa crater population using the BAL

(top) and 0BG [bottom ) impacting populations, and the Strength-A scaling law. Solid
lines are the model results, In the plot on the top, the exposure times represented
are 23, 75 and 150 Myr (the gray dots are placed to help discriminate between
the different curves). The best fit occurs after ~75 Myr. However, given the small
number statistics for the few largest craters, any exposure time in the range 25-
150 Myr is actually plausible. In the plot on the bottom, the exposure times are 20,
&0 and 120 Myr. In both cases, the model predicts significantly more craters smaller

than 10 m in diamete

T than are actually observed.
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BAL%# + Strength—-BX 4 — ) 78]
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Fig. 6. Comparison of our model fits to the ltokawa crater population using the BAL
impacting population and the Strength-B scaling law. Solid lines are the model re-
sults (the gray dots are placed to help discriminate between the different curves),
and the times represented by the different lines are 300, 200 (best fit), and
1300 Myr. This implies 2 minimum surface age of ~~300 Myr for this scaling law,
about a factor of 10 larger than the estimate wsing the Strength-A scaling law.

~A4A P T~

EZE10m UL EDIL—2—0H%
BT 501 ELEHE

- " il - " PEEE——
1 é’nlatﬂr I:ll'ialrnlsrtﬂr1’r‘:'1l:::I . — %{J 900 Myr

A X DIEE K 2.7

X Strength-A&YH$ 3 B/INSLHEREZTFTAILTLS

—M L Strength-AD ES D UL —2—4
S2KVYI0DT7IZ—DEWNTES,

FEnD RELY E
X 327 =19




BALZ% % + (Strength-A ,-B) T7 4 v b (Fig.8)
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Fig. 8. Comparison of model fits to the Eros crater population using the BAL im-
pacting population and the Strength-A and Strength-B scaling laws. Solid lines are
the model results, and the times represented by the different lines, from bottom
to bop, are 50, 100, 200 and 400 Myr in the top plot, and 500, 1000, 2000 and
4000 Myr in the bottom plot, After ~100-200 Myr with the Strength-A scaling law,
the model population is a2 good match to the observed population, while it takes
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6. The origin of the deficiency of the
smallest craters on [tokawa
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/. Conclusions
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