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Introduction: Vesta is the only intact primordial as-
teroid in the Solar System showing an internal differen-
tiated structure as the one of the Moon and Mars and for
which we have rock samples. The evidence of the dif-
ferentiation is given by the spectral connection between
Vesta and HED meteorites ([9,14]) recently confirmed
by DAWN. The energy for the differentiation is sup-
plied by the decay of short lived radionuclides, in par-
ticular the 26Al (the primary source of energy [8]) and
the 60Fe. Recent results [11], however, indicate a faster
cooling of the interior of Vesta than previously thought.
If confirmed, this would imply that the thermal history
of Vesta diverges from the generally accepted picture
[1]. In this work we constrain the time scale of accretion
and differentiation of Vesta, by developing several ther-
mal and structural scenarios based on radiogenic heat-
ing (26Al and 60Fe). The scenarios differ for the delay
∆td in the injection of 26Al by the Solar Nebula. We
take in account also the contribution of long-lived ra-
dionuclides, such as 40K, 232Th, 235U and 238U . We
observe the differentiation of the asteroid leading to the
formation of a metallic core (mainly iron) and a silicatic
crust. The model does not include any cooling mecha-
nisms other than heat conduction and thermal irradiation
at the surface. To provide a theoretical support to NASA
Dawn team for the data analysis and interpretation, we
started the project to study the thermal evolution of pri-
mordial Vesta.

Thermal Model: We consider primordial Vesta as
a sphere of radius of 270 Km [11] and total mass 2.70
×1020 kg [12]. The initial temperature is fixed to 200 K
[6]. The initial composition is a homogeneous mixture
of silicatic (77%) and metallic (23%) material. When
the melting temperature of Fe-FeS is reached, the per-
colation of the iron into the silicatic matrix takes place
while when the the melting temperature of silicate is
reached the differentiation and subsequent core forma-
tion occur [4]. During the differentiation, the molten
layer is topped by a solid conductive layer whose thick-
ness is a function of the temperature of the molten ma-
terial and of the efficiency of the conduction. The solid
layer thickness is identified by the intersection between
the temperature profile and the horizontal line for the
melting temperature solidus (cyan) for the silicatic com-
ponent, as we can see in Fig.1, in which we show the
temperature profile as a function of the radial distance,
after 20 Ma, for the models with a delay ∆td > 1 Ma
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Temperature Profile of Vesta at t = 20.0 Ma

Mod 6: �td =3.0 TAl
1/2, max(T) = 1231.71 K

Mod 5: �td =2.5 TAl
1/2, max(T) = 1358.02 K

Mod 4: �td =2.0 TAl
1/2, max(T) = 1471.60 K

Mod 3: �td =1.5 TAl
1/2, max(T) = 1703.45 K

Figure 1: Temperature profile of Vesta a t = 20 Ma. The cyan
(red) and magenta (green) lines are the starting and ending
temperature for silicatic (metallic) component following [1].

We solve numerically the following coupled set of dif-
ferential equations [7], by using a finite-difference 1D
method direction with a donor-cell scheme:

(ρc)m
∂T

∂t
+ (ρc)f v⃗ · ∇⃗T = ∇⃗ · (Km∇⃗T ) +H (1)

∂C

∂t
+ v⃗ · ∇C = ∇ · (Dm∇C). (2)

In Eq.1 H represents the source term which is the heat
provided by the decay of 26Al expressed as [2]:

HAl = ρC[26Al]0H
∗e−λt, (3)

in which ρ is the density of the silicate component, λ
is the decay constant and H∗ is the specific power pro-
duction. The heat provided by the decay of 60Fe and
long-lived radionuclides is treated similarly. In Eq.1 it is
assumed the local thermal equilibrium (so Ts = Tf = T
in which s stands for solid and f for fluid), taking av-
erages over an elemental volume. The terms (ρc)m and
Km represent the overall heat capacity and thermal con-
ductivity respectively. Eq.2 is the mass transfer equa-
tion in a porous medium [3], in which C represents the
concentration of metallic component and Dm is the dif-
fusion coefficient. The heat provided by the decay of
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ScenariosDelay [Ma]Delay [T 26
1/2Al]

0 0 0
1 0.36 0.5
2 0.72 1.0
3 1.08 1.5
4 1.43 2.0
5 1.79 2.5
6 2.15 3.0

Table 1: Delay time ∆td expressed in Ma and half-life
of 26Al for the different scenarios we considered.

60Fe and long-lived radionuclides is treated similarly.
Tab.1 shows the developed scenarios: the intensity of
the source of energy depends on parameter ∆td

The spatial resolution of our grid is 100 m and the time
step is adaptive following the stability condition in [5].
In Fig.2 we show an example of thermal evolution of
the radial temperature profile of Vesta for the scenario
characterized by ∆td = 1.08 Ma, in which we can dis-
tinguish the starting point of the differentiation and the
solid layer thickness.

0

5

10

15

20

0 50 100 150 200 250

T
im

e
 [

M
a

]

Vesta Radius [Km]

Vesta Thermal History Model 3

 0

 200

 400

 600

 800

 1000

 1200

 1400

T
e

m
p

e
ra

tu
re

 [
K

]

Figure 2: Temporal evolution of the radial temperature
profile of Vesta for the scenario with ∆td = 1.08 Ma
after 20 Ma.

Since our model does not take into account heat re-
moval mechanisms other than conduction and irradia-
tion at the surface, our results supply a reliable picture
of the thermal history of Vesta up until the onset of the
differentiation. As a consequence the scenarios charac-
terized by ∆td < 1 Ma reach unrealistic temperatures
exceeding 2000K (see Fig.3)

Summary and Conclusions: When compared to
the data provided by HED meteorites, our results sug-
gest short accretion and differentiation times of Vesta
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Maximum Temperature vs Time
Mod.0, Tmax = 5038.342
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Figure 3: Maximum temperatures inside Vesta as a function
of the time.

after CAIs. The scenarios characterized by ∆td > 2 Ma
show temperature not reaching the melting temperature
of silicate and for this reason they are incompatible with
the basaltic magmatism suggest by HEDs ([9,10]). In
the scenarios with 1.5 Ma < ∆td < 2 Ma, silicate melt-
ing occurs at about t = 6 Ma: this is incompatible with
the crystallization ages of the oldest HEDs ([10,11]).
Finally, values of ∆td < 1 Ma are the most compati-
ble with the geologic history of Vesta as suggested by
HEDs, but we stress the fact that our model does not
consider any heat removal mechanisms and the convec-
tion. Our present model, however, allows us to delin-
eate the heating history of Vesta, putting important con-
straints on time scales of accretion and differentiation of
the asteroid.
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