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Introduction. Levison et al., in a companion ACM
2008 abstract, describe how the dynamical reorganiza-
tion of the outer solar system ∼ 3.9 Gy ago (i.e., the
so-called Nice model) led to the capture of numerous
comets within the Trojan [1], Hilda, and outer main
belt (MB) regions. A problem with this scenario, how-
ever, is that the Nice model predicts that dormant comet-
like objects, referred to here as P/D-type objects [e.g.,
2], should dominate these populations. This is true for
the Trojans and Hildas but not for the outer main belt,
whose P/D-type population is only ∼ 20% of the total
[2]. To probe this discrepancy, we examined a process
missing in the dynamical calculations, namely how the
implanted comets would have been affected by impacts
over the last 3.9 Gy.

Collision Model. To estimate the total number of P/D-
type objects in the aforementioned populations and com-
pare these values to observations, we used CoDDEM, a
self-consistent code capable of following the collisional
evolution and dynamical depletion of multiple interact-
ing size-frequency distributions (SFDs) [3]. We tracked
five populations in our code: (1) indigenous inner MB
(a < 2.82 AU), (2) indigenous outer MB, (3) captured
outer MB, (4) Hildas, and (5) Trojans.

The collision probabilities and impact velocities of
the objects with both themselves and each other were
computed from the observed objects or, in the case of
the Trojans, were taken from the literature [4]. Objects
in pop. 1 and 2, which represent native asteroids, were
given a bulk density (ρ) of 2.7 and 2.0 g cm−3, respec-
tively, and were assumed to follow the same disruption
scaling law of undamaged basalt [5]. We also assumed
that the inner and outer MB SFDs initially had the same
shape 3.9 Gy ago as they do today [3]. The captured
populations (3-5) were assigned ρ = 0.5 g cm−3, the
same as many observed comets/Trojans/KBOs, and a
disruption scaling law consistent with fragmented ice
[6]. Note that this implies that implanted comets are
easier to break up than indigenous asteroids. Their ini-
tial SFDs were determined by scaling the observed Tro-
jan population to the dynamical results of Levison et al.

Results. Fig. 1 shows the initial and final states of the
captured outer MB. Because of our choice of a weak
disruption scaling law, a much larger fraction of the cap-
tured objects are destroyed by impacts than their stronger
indigenous counterparts. As a result, the remaining pop-
ulation only makes up ∼ 15% of the current outer MB
with diameters D > 40 km. This is consistent with the

fraction of D/P-types within the outer MB over the same
size range (∼ 20%; [2]). The model also predicts that
the SFD of the primitive bodies is steeper than that of
the indigenous population for D > 20 km, so that the
fraction of D/P-types should increase for decreasing di-
ameter. Though bias-corrected data at smaller sizes is
limited, this also appears to match observations [2]. Fi-
nally, our model reproduces the Trojan and Hilda SFDs
for D > 40 km objects fairly well given our uncertain-
ties. This match provides a critical consistency check
on our model’s assumptions.

Figure 1: The indigenous and captured component of
the outer main belt (2.8-3.8 AU) both 3.9 Gy ago and
today according to CoDDEM modeling results.

Implications. We find the captured outer MB comets, at
the present epoch, produce 3 times as many micromete-
orites (MMs) as the rest of the main belt, despite the fact
that they are only 20% of the outer MB population. We
believe this explains why the vast majority of unmelted
MMs found in Antarctica are reminiscent of primitive
meteorites like CIs and Tagish Lake. Note that Tag-
ish Lake itself has been spectroscopically linked to low
albedo D-type objects, which as described above, are
excellent candidates to be captured comets. It also helps
explain why some meteorites (e.g., CR chondrites) are
surprisingly similar to the cometary materials returned
by the STARDUST mission [7].
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