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Angioletta was awarded David Bates
Medal: “In recognition of her important

and wide ranging work in planetary
sciences and Solar System formation, and
her leading role in the development of
space infrared instrumentation for
planetary exploration”

Dawn's goal is to
characterize the conditions

and processes of the solar
system's earliest epoch.

First DAWN meeting: Washington,
11 settembre 2001



* Dawn focuses on two of the first bodies formed in
the solar system, the surviving protoplanets, Ceres

and Vesta

* These bodies are complementary:

— Ceres has a very primitive surface, water-bearing
minerals, and possibly a very weak atmosphere and frost.

— Vesta was supposed to be a dry, differentiated body
(core, mantle and crust) whose surface has been
resurfaced by basaltic lava possibly possessing an early
magma ocean like the Moon.

— Vesta is the oldest body of the solar system
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Two redundant framing cameras

(1024 x 1024 pixels, and 7 color

filters plus clear) provided by = guum i
Germany (MPS and DLR)

A visible and infrared mapping |
spectrometer (UV to 5 microns)
provided by Italy (INAF and ASI) |

A Gamma Ray and Neutron
Detector built by LANL and
operated by PSI

Dawn’s Payload

A Radio Science Package
provides gravity information

Topographic model derived from
off-nadir imaging
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 Dawn acquired Vesta
data from June 2011
to August 2012, at
different altitudes

VIR slit
1 : . GRaND sensitivi AP
* Itis now in its way to sl  footprints
Ceres, where it will
Vesta operations

arrive during the orbits - altitudes
summer 2014 -
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sta VIR data

NATIONAL INSTITUTE
FOR ASTROPHYSICS

Spectral range 0.25-5.1
micron

864 spectral channels

Spatial resolution from
1.3km to70m

>20.000.000 spectra



MAIN RESULTS

6 papers in Science, May 11th, 2012

2 papers in Science, October 16, 2012
1 paper in ApJLett, October 20, 2012
2 papers in Nature, November 1%, 2012



Dawn at Vesta: Testing the
Protoplanetary Paradigm

C. T. Russell,™ C. A Raymond,”® A. Coradini,

M. C. De Sanctis,” R. Jaumann,” A. 5. Konopliv,® F. Preusker,” 5.
R. Gaskell® H. U. Keller,® 5. Mottola,” T. Roats

M. ). Toplis,™® U. R. Christensen,® W. C. Feldman,” D. ].
T. H. Prettyman,” R. C. Reedy,” M. E.

lly," D. E. Smith,* P. Tricarico,”

The Dawn sp 1 a remnant intact prot
rliest epi X d on analyses of he di
body. Dawn observ
as sufficient to produce Vesta-family
lly resolved mineralogy of the
confirming the formation of
parent body. Vesta's mass, volume, and
with a core having an average radius of 107 to
t internal melting to segregate iron. Dawn's results
confirm predictions that Vesta differentiated and support its identification as the parent
body of the HEDs.

21 Lureria

253 Marthilde

351 Gaspra

5535 Annefrank

25143 lrokawa

Dawn observations reveal two
giant basins at Vesta’s south pole,
whose excavation was sufficient to
produce Vesta-family asteroids
(Vestoids) and HED meteorites.

VIR mineralogy of the surface
reflects the composition of the HED
meteorites, confirming the
formation of Vesta’s crust by melting
of a chondritic parent bodly.

Vesta’s mass, volume, and
gravitational field are consistent
with an lron core.

Dawn's results confirm predictions
that Vesta differentiated and
support its identification as the
parent body of the HEDs.
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Vesta's Shape and Morphology

. ]aumann,l’z* D. A. ".J'll.-'illiams,3 D. L. Buczko'.".rski,4 R. A. Yingst,5 F. Preusker,1
. Schmedemann,? T. Kneissl,? ]. B. Vincent,” D. T. Blewett," B. ]. Buratti,® U.

W Denevif M. C. De San(tis,9 W. B. Garry,5 H. U. Keller,m E. I(ersten,1 K. Kr¢
. Marchi,** K. D. Matz," T. B. McCord,™ H. Y. McSween,** S. C. Mest,” D. W. A
. !‘.I'.ottola,1 A. Nathues,_jr G. Neukum,2 D. P. (J'Brien,5 C. M. Pieters,“’ T. H. Pni
. A. Raymond,® T. Roatsch,® C. T. Russell,*” P. Schenk,*® B. E. Schmidt,"® F. S
. Stephan,1 M. V. Sykes,5 P. Tri(arico,5 R. 'lJ'll."agner,1 M. T. Zuber,‘_m H. Sierks’

Vesta's surface is characterized by abundant impact craters, some with preserved ¢
large troughs extending around the equatorial region, enigmatic dark material, an
mass wasting, but as yet an absence of volcanic features. Abundant steep slopes ii
impact-generated surface regolith is underlain by bedrock. Dawn observations con
impact basin (Rheasilvia) at Vesta's south pole and reveal evidence for an earlier,
large basin (Veneneia). Vesta's geology displays morphological features characterig
and terrestrial planets as well as those of other asteroids, underscoring Vesta's un
transitional solar system body.

Fig. 1. Global colorized hill-shaded digital terrain model in Mollweide projection (equal area).

Comparative Planetology: Terrestrial
Planetary Processes

While Vesta is much smaller than
any terrestrial body, it has features
and processes reminiscent of
them.

Some terrain on Vesta resembles
that on Mars and that on Mercury.

Relief of the surface relative to its
radius is greater on Vesta.

Vesta has an older surface in
general.

Can we see past the late heavy
Vesta?

Vesta, Ceres, the Moon, Mercury, and Mars

Vesta’s geology displays
morphological features
characteristic of the Moon and
terrestrial planets as well as those
of other asteroids, underscoring
Vesta’s unique role as a
transitional solar system body.




Vesta Collisional History

Vesta accreted within the first
few million years after the
formation of the earliest solar
system solids.

Results show that Vesta’s
cratering record has a strong
north-south dichotomy

Vesta’s northern heavily
cratered terrains retain much
of their earliest history

 The southern hemisphere
was reset, however, by two
major collisions in more
recent times.
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impact melt, dust levitation and transport, seismic
shaking, or slumping of fine material

Dark material is common on Vg it is lo-
cally concentrated and mostly associated with
impacts (fig. S2). Dark material is either exogenic
in origin because of carbon-rich material from
low-velocity impactors (/8) (i.e., from the impact
of a carbonaceous chondrites) or endogenic be-
cause of freshly exposed mafic material or impact
melt locally mixed into the subsurface and ex-
cavated by later impacts. Dark material on Vesta
can be divided into four major geomorphologic
classes (6): material emanating from the nms or
walls of impact craters or running downslope in
fans into the crater and on the crater floor because
of mass wasting processes; dark material asso-
ciated with crater ejecta patches or continuous
ejecta blankets; material associated with hill flanks

and related to impacts on hills; and clusters of

dark spots and extended linear dark features.
Dark material exposed by impact excavation
often shows fine structures indicating a spotty

admixture within the regolith. Deposits of

dark material are unevenly distributed across
Vesta’s surface. The major regions with dark
material are at about 110°E to 160°E and
10°S to 10°N, 170°E to 225°E and 10°S to

Cumulative number of craters t_I-cm'Z]

—— 109 of geometric saturation

B Vesta HCTs
Vesta HRTs
Vesta RS floor

Lutetia (Achaia Region)

Vesta LDCs

Main Belt crater production
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The Violent Collisional History of

Asteroid 4 Vesta

S. Marchi,>* H. Y. McSween,? D. P. O'Brien,> P. Schenk, M. C. De Sanctis,” R. Gaskell,>
R. Jaumann,® S. Mottola,® F. Preusker,® C. A. Raymr)nd,7 T. Roatsch,® C. T. Russell®

Vesta is a large differentiated rocky body in the main asteroid belt that accreted within the first
few million years after the formation of the earliest solar system solids. The Dawn spacecraft
extensively imaged Vesta's surface, revealing a collision-dominated history. Results show that
Vesta's cratering record has a strong north-south dichotomy. Vesta's northern heavily cratered
terrains retain much of their earliest history. The southern hemisphere was reset, however, by two
major collisions in more recent times. We estimate that the youngest of these impact structures,
about 500 kilometers across, formed about 1 billion years ago, in agreement with estimates

of Vesta asteroid family age based on dynamical and collisional constraints, supporting the

notion that the Vesta asteroid family was formed during this event.

steroid 4 Vesta is the second most mas-
A sive body in the main asteroid belt, and,
according to models (/--3), its early evo-
lution occurred in an environment where col-

lisions with other asteroids were much more
frequent than they are today. One notable fea-

ture emerging from early observations of the
Dawn mission (6) is that the surface of Vesta is
dominated at all scales by impact craters. Dawn’s
framing camera extensively imaged Vesta dur-
ing its survey phase, at an altitude of ~2700 km.
These data have been used to build a global

11 MAY 2012 VOL 336 SCIENCE www.sciencemag.org




The Geologically Recent Giant Impact
Basins at Vesta's South Pole

Panll Schenk,* David P. 0'Brien,® Simone Marchi? Robert Gxlell ? Fonk Preusher
Thomas Roatsch,” Ralf jsumann,” Debm Bockowski,” Thomas Scford” Harry Y. McSween,”
Dawid Williams," Afleen Yingst® Caml Raymond,” Chris Russell ™
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Both basins are unexpectedly
young, roughly 1 to 2 billion years,

and their formation substantially
reset Vestan geology

Olympus Mons
They excavated older

compositionally
heterogeneous crustal
material that created
the Vestoids and HED
meteorites

South Polar
Mountain




- T The lithologic distribution indicates a
Spectroscopic Characterization of 2
deeper diogenitic crust, exposed after

Mineralogy and Its Diversity excavation by the impact that formed
Across Vesta Rheasilvia, and an upper eucritic crust.

M. C. De Sanctis,** E. Ammannito,> M. T. Capria,* F. Tosi,* F. Capaccioni,> F. Zambon,*

F. Carraro,’ S. Fonte, A. Frigeri,' R. Jaumann,” G. Magni,* S. Marchi,’ T. B. McCord," This is broadly consistent with magma-
L. A. McFadden,” H. Y. McSween,® D. W. Mittlefehldt,” A. Nathues,® E. Palomba,*

C. M. Pieters,” C. A. Raymond,*® C. T. Russell,** M. ]. Toplis,*? D. Turrini® ocean mOdEIS’ but Spectral Variability
The mineralogy of Vesta, based on data obtained by the Dawn spacecraft’s visible and infrared hlghllghts Iocal Varlatlons, WhICh
spectrometer, is consistent with howardite-eucrite-diogenite meteorites. There are considerable Suggests that the crust can be a

regional and local variations across the asteroid: Spectrally distinct regions include the south-pol:

Rheasilvia basin, which displays a higher diogenitic component, and equatorial regions, which Complex assemblage Of eucritic basalts

show a higher eucritic component. The lithologic distribution indicates a deeper diogenitic crust

exposed after excavation by the impact that formed Rheasilvia, and an upper eucritic crust.

Evidence for mineralogical stratigraphic layering is observed on crater walls and in ejecta. This and pyroxene cumUIates'
broadly consistent with magma-ocean models, but spectral variability highlights local variations,  and scrial magmatism (7/—I4). The spatial dis-
which suggests that the crust can be a complex assemblage &
cumulates. Overall, Vesta mineralogy indicates a complex mj ‘ - B: 550 nm B: 550 nm 3 B: 1020 nm

differentiated crust and mantle. " G: 650 nm ' ) G: 750 nm G:780 nm
' R:750nm  [ERERNN R:930 nm

troscopy shows that the asteroid Vesta has  malized at

a basaltic surface dominated by the spec-  and B indi
tral signature of pyroxene. Vesta spectra show  age. (Top1
many similarities to those of howardite-cucrite-  posite (red
diogenite (HED) meteorites (/), leading to the  0.62um, b
consensus that Vesta is differentiated and is the ~ tial resoluti
parent body of the HED achondrites (2—4). Nu-  indicates tht
Average \

Listituto di Astrofisica e Planetologia Spaziali, Istituto Nazionale 1 SD of
di Astrofisica, Rome, Italy. “Institute of Planetary Research,  hetween 2|
German Aerospace Center (DLR), Berlin, Germany. INASA Lunar been rema
Science Institute, Boulder, CO, USA. Bear Fight Institute,
Winthrop, WA, USA. SNASA, Goddard Space Flight Center, .
Greenbelt, MD, USA. ®Department of Earth and Planetary ~ '€gion. A
Sciences, University of Tennessee, Knoxville, TN,USA. "NASA

Tclcscopic visible and near-infrared spec-  Fig. 1. (T¢

not yet ful




SREILE] 1.9 um band center distribution "® =

Blue diogenite — Yellow eucrite

Vesta mineralogy indicates a complex magmatic evolution
that led to a differentiated crust and mantle.

Band Il center

1.936 1.952 1.968 1.984
m
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Local stratigraphy

* Clear different material exposed on
the slopes

* Lithological differences in the
stratigraphy

* The scale of spectral variation
indicates that Vesta’s crust is
compositionally variable at scales
from a few hundred meters to tens
of km

'_ RheaSilvia rim
Violet: deeper band depths

Green : shallower band
depths
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1z
Water plays a key role in the evolution of terrestr©
However, the mechanism by which water has be
extensively debated. Here we report the detection (-
the asteroid Vesta by the VIR imaging spectrometeZ
is fully differentiated with a basaltic surface. The 2
shows areas enriched and depleted in hydrated mal
unexpected and indicates ancient processes that diffigy . g :
boc!les. like the Moon. The origin of_Vestan OH pre— e 0.25 0.3 0.35 0.4
main belt and may offer new scenarios on the deliy A
processes that may have played a role in the formati
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DETECTION OF WIDESPREAD HYDRATED MATERIALS ON VESTA BY THE
VIR IMAGING SPECTROMETER ON BOARD THE DAWN MISSION

e The Vestan OH distribution reveals that an important
primordial process played a role in the terrestrial
e The uneven distribution planets evolution in the early stages of the solar

of hydrated mineral system.

phases is unexpected This process could have also provided a way to
and indicates ancient transport organic compounds and water to main belt
processes that differ asteroids and terrestrial planets.

from those responsible

for OH on the Moon. 90° 120° 150° 180° 210° 240° 270° 300° 330° 360°

* The origin of most of
the OH on Vesta is
likely primordial
material due to OH-
bearing low-velocity

impactor

VIR data can be used to constraln
when water was delivered on Earth




Pitted Terrain on Vesta and Implications
for the Presence of Volatiles

B. W. Denevi,** D. T. Blewett,® D. L. Buczkowski,* F. Capacr:ioni,z M. T. Capﬁa,2 M. C. De Sanctis,?
W. B. Garry,r,3 R. W. Gaskell,® L. Le Corre,* ].-Y. Li,>® S. Marchi,® T. . McCoy,7 A. Nathues,*

D. P. O'Brien,® N. E. Petro,® C. M. Pieters,’ F. Preusker,1® C. A. Ra)rmond,]"l V. Redl:iyr,"'12

C. T. Russell,®® P. Schenk,** ]. E. C. Sculh‘r,13 1. M. Sunshine,” F. Tosi,2 D. A. Williams,* D. Wyrick“

We investigated the origin of unusual pitted terrain on asteroid Vesta, revealed in images from the
Dawn spacecraft. Pitted terrain is characterized by irregular rimless depressions found in and around
several impact craters, with a distinct morphology not observed on other airless bodies. Similar terrain
is associated with numerous martian craters, where pits are thought to form thmugh degasang of
volatile-bearing material heated by the impact. Pitted terrain on Ve :

manner which 1nd1cate5 that portmns of the surface cc-ntam a relat

suggesting that 1mpactor materials are preserved locally in relatively
that impactor composition has played an important role in shaping {

orbit around Vesta, the second-most ma.“m
asteroid in the solar syste
ey and High-Altitude orbm Dawn ~,p1
down to its ~210-km Low-Altitude M apping Or-
bit (LAMO) ([), allowing for acquisition of
Framing Camera (FC) images (2) at pixel scales

In July 2011, the Dawn spacecraft entered into

diameter, Fig
recent large in
of Marchi ef
~T70 million vg
of the surface (latitudes above wise smooth
were in shadow). In this data set, we identified

Other evidences
for the presence
of volatiles on
Vesta

race, and within
blanket. Pits lacl
they range in siz§
resolution at 17

diameter (Fig. 1, g

the slump te
(largest siz
where ejec

F). On the floor,
crater walls apy
several areas; in
slump deposits (
floor where the
increase in size,
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Distinctive space weathering on Vesta from regolith
mixing processes

C. M. Pietersl_,‘ E. Ammannito’, D. T. Blewett’, B. W. Denevi’, M. C. De Sanctis®, M. J. Gaffey®, L. Le Corre®, J.-Y. Li®, S. Marchi’,
T. B. McCord®, L. A. McFadden’, D. W. Mittlefehldt'’, A. Nathues®, E. Palmer'!, V. Reddy®, C. A. Raymond" & C. T. Russell"

Vesta is the only known airless body in our
Solar System that doesn’t experience
traditional space weathering

“Distinctive space weathering on Vesta from
| regolith mixing processes” has been scheduled for

DAwN e Nasa UCLA @ wmbs
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t Dark Material actors Brighter Material

=" 7 : >

“Dark material on Vesta from the infall of
carbonaceous volatile-rich material”’ has
been scheduled for publication in

Nature on 01 November 2012
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Dawn at Vesta revealed a unique world
that we have only begun to discover

Dawn is on its way to Ceres!
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