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Introduction: Asteroids offer  an unique op-
portunity to study processes of planetesimal accretion 
and differentiation that took place at the dawn of our 
Solar System. The study of these fundamental  aspects 
of planetary formation in terrestrial planets is, howev-
er,  severely  hampered  by  the  subsequent  stages  of 
planetary  accretion  and  geological  evolution.  Fortu-
nately, the current main belt -a reservoir of rocky as-
teroids between the orbit of Mars and Jupiter- contains 
planetesimals that survived the latest stages of plane-
tary accretion [1-4]. Among the multitude of main belt 
asteroids, the 500-km Vesta emerges as one of the best 
bodies to study the early processes of accretion, differ-
entiation, and subsequent collisional evolution of plan-
etesimals.  Indeed,  there  are  several  remarkable  facts 
about Vesta [e.g., 5]: i) it is the largest intact differenti-
ated object in the main belt with a basaltic surface; ii) 
it accreted and differentiated within 1-2 Myr after the 
formation of the first solids in the protoplanetary nebu-
la, iii) it is likely the parent body of a large class of 
achondritic meteorites,  the so-called Howardites,  Eu-
crites and Diogenites (HEDs).

Planetesimal  differentiation  -  The case  of 
Vesta: Much  of  our  ability  to  study  and  constrain 
planetesimals' differentiation models comes from me-
teorites  [e.g.,  6],  and  HEDs  offer  the  possibility  to 
study the internal structure of Vesta. Models of Vesta's 
differentiation can now be more precisely tested thanks 
to the Dawn spacecraft, which spent about one year or-
biting Vesta and acquired geophysical, compositional 
and morphological  data [7].  Pre-Dawn models based 
on HEDs petrology were consistent with both a i) ver-
tically layered body resulting from the solidification of 
a  magma  ocean  having  a  deep  olivine-rich  mantle 
[e.g., 8], or ii) heterogeneous internal structure due to 
serial magmatism resulting in fractional crystallization 
of diogenitic plutons at the base or within the mantle-
crust boundary [e.g., 9]. 

Dawn  at  Vesta: The  Dawn  spacecraft  ac-
quired high-resolution global imaging and spectral and 
elemental mapping from which surface composition is 
derived, which enabled us to narrow down differentia-
tion models. In particular, the global mapping unveiled 
the collisional history of Vesta [10], providing geolog-
ical setting for the HEDs source location and the ob-
served heterogeneity of the surface composition. The 
latter data showed the presence of olivine (~50 %) ad-
mixed with howarditic material distributed on the sur-
face  at  high  northerly  latitudes  [11].  The  geological 

setting of this olivine-rich terrain -apparently not asso-
ciated with the largest Rheasilvia and Veneneia basins- 
precludes  that  it  is  the  result  of  material  excavated 
from  the  mantle  [12],  unless  some  of  the  degraded 
large craters seen on the northern hemisphere were ca-
pable of exposing mantle rocks. The latter possibility 
cannot be ruled out with present data, but it seems un-
likely given the shallow excavation depth of such im-
pact structures.

Conclusions:  Therefore,  these  results  favor 
both classical and recent magma ocean models [e.g., 
13] that predict i) the formation of olivine diogenite in 
the lower crust, and ii) an internal heterogeneous dis-
tribution of lithologies, perhaps due to a non-uniform 
crustal thickness or to the presence of magma cham-
bers. 
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