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Abstract

The Dawn mission will determine the topography,
gravity, and rotational state of Vesta, allowing the in-
direct study of its interior structure. We explore the
extent to which we will be able to determine the char-
acteristics of the interior features, using a Monte Carlo
approach. The shape and density of core, mantle, and
crust are parametrized and independently sampled, in
order to generate a gravity solution that can be com-
pared directly with the data. This method is particu-
larly suited to explore the full extent of physical solu-
tions that are compatible with the data. Several scenar-
ios for the interior structure of Vesta (strongly differen-
tiated, weakly differentiated, almost uniform density)
will be assumed and tested, in order to assess to which
level of detail each one can be reconstructed.

Introduction

Vesta is most likely a differentiated body. Mineralog-
ical and isotopic data suggests that heating, melting,
formation of a metal core, a mantle, and a basaltic
crust took place in the first few million years of solar
system history [1]. Thermal modeling by [2] suggests
that heating by 26Al would keep the mantle of Vesta
hot for ~ 100 My. It is possible that the mantle expe-
rienced a substantial if not complete melting that re-
sulted in the formation of a metal core [1]. Results by
[3] on the excess '82W measured on eucrites samples
suggests that accretion, differentiation, and core for-
mation on Vesta took place in the first 5-15 My. [4] es-
timated the radius of the core using mass balance from
the density of Vesta and a variable fraction of silicates,
with their best estimate of a core radius smaller than
130 km, an olivine-rich mantle with thickness ~ 65—
220 km, and a crust with thickness ~ 40-85 km. By
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Figure 1: Section of Vesta displaying its interior struc-
ture and density distribution. This model, used for the
test study presented here, has only two components:
core and mantle. Models with three components (core,
mantle, crust) will be presented at the meeting. The
shape of Vesta is from [5].

studying the interior structure of Vesta, we will pro-
vide constraints to accretion and differentiation mod-
els of Vesta, and look into the effects of the large im-
pact in the southern hemisphere.

Method

A mass density is assigned to every point interior to
Vesta’s shape, using a smooth function that models the
shape and density of core, mantle, and crust, and the
transition between layers. The gravity field generated
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Figure 2: Left: diagram showing the matching between the gravity field resulting from the Monte Carlo sampling,
and the nominal gravity field. Data is displayed in the mantle density vs. core mass variables, and the color scale, in
arbitrary units, represents the discrepancy between sampled and nominal gravity. The lower left triangular region
is forbidden due to total mass conservation. Right: identical data, projected in each of the two variables separately.

The red dots mark the nominal value of the parameters.

by any given choice of parameters is then computed
using Monte Carlo sampling, and the result is com-
pared to a nominal gravity field chosen as reference, a
proxy of Dawn’s data. The measure of the discrepancy
between the two gravity fields is based on the covari-
ance matrix of the reference gravity field.

Preliminary Results

In Figure 1 we show the mass density distribution of
a test, using only two components, chosen as refer-
ence. Figure 2 shows the result of the Monte Carlo
approach, trying to reconstruct Vesta’s interior. The
minimum in each variable is the best fit value, but
more importantly, a range of solutions nearby the min-
imum can also be considered in good agreement with
the data, depending on the error model used and the
confidence level chosen for the study. In the case dis-
played, an error model for the High Altitude Mapping
Orbit (HAMO) was used. We plan to present simula-
tions with an error model for the Low Altitude Map-
ping Orbit (LAMO) phase at the meeting, with much
improved sensitivity and better uncertainties in the co-
efficients of the gravity field. Several nominal config-
urations for the interior structure of Vesta will be also
tested, varying the characteristics of core, mantle, and

crust, in order to assess to which level of detail each
one can be reconstructed.
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