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Vesta and Ceres: Insights from the Dawn Mission
for the Origin of the Solar System

The NASA Dawn mission, launched in 2007, aimed to visit two of the most massive
protoplanets of the main asteroid belt: Vesta and Ceres. The aim was to further our
understanding of the earliest days of the Solar System, and compare the two bodies to
better understand their formation and evolution. This book summarizes state-of-the-art
results from the mission, and discusses the implications for our understanding not only of
the asteroid belt but of the entire Solar System. It comprises of three parts: Part I provides
an overview of the Main Belt asteroids and provides an introduction to the Dawn mission;
Part II presents key findings from the mission; and Part III discusses how these findings
provide insights into the formation and evolution of the Solar System. This is a definitive
reference for academic researchers and professionals of planetary science, asteroid science,
and space exploration.
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PREFACE

The NASA Dawn spacecraft took off from Cape Canaveral in
September 2007 atop a Delta II rocket starting an ambitious journey
to Vesta and Ceres, the two most massive worlds in the largest
reservoir of asteroids in the Solar System, the Main Belt. The
mission’s name was chosen to testify to a bold intent: execute a
journey in space and time toward the dawn of the Solar System.

Prior to the Dawn launch, Earth-bound observations of Vesta
and Ceres revealed intriguing features – from Vesta’s rugged shape
to Ceres’ tenuous water exosphere – but these objects remained
fuzzy speckles of light, even through the lenses of the most power-
ful telescopes. What we knew, however, was enough to justify a
dedicated space mission to explore Vesta and Ceres. Yet our pre-
existing knowledge turned out to be only the tip of the iceberg of
what Dawn discovered.

Since 2007, the science of Main Belt asteroids has considerably
evolved. Remote telescopic observations have increased in spatial
resolution, leading to detailed views of large Main Belt asteroids,
including Vesta and Ceres. These new developments, along with an
historical recount of how Dawn came to be, are discussed in Part I
of the book.

With Dawn’s exploration of Vesta (2011–2012) and Ceres
(2015–2018), these two worlds came into focus. Breathtaking
details emerged of how large collisions sculpted Vesta, liberating
massive amounts of material in the inner Main Belt and providing
the source of an important family of meteorites recovered on Earth.
Ceres’ complex geology, which may rival that of the Earth and
Mars, showed recent cryovolcanic activity. Part II of this book is

dedicated to these highlights and many more discoveries of the
Dawn mission. The outstanding collection of papers presented in
this part, led by members of the Dawn Science Team, follows a
strong tradition of books showcasing the findings of space mis-
sions. But the present book is more than that.

By the time Dawn completed its mission in 2018, our under-
standing of the formation of the Solar System had greatly evolved
thanks to new theoretical models and to a new trove of meteorite
geochemical data, and Dawn observations of Vesta and Ceres
provide new, vital constraints to synergistically interpret models
and data. The broader implications of the Dawn legacy are dis-
cussed by prominent scientists from various disciplines in Part III
of this book.

The idea for this book was born in the aftermath of the inter-
national workshop “The Main Belt: A Gateway to the Formation
and Early Evolution of the Solar System” held in Sardinia, Italy,
2019 June 4–7. Many of the chapters’ authors attended the meeting
and embraced lively discussions about Dawn, Vesta, and Ceres,
with the Mediterranean Sea in the background, less than 300 miles
away from Palermo Observatory, where Ceres was discovered
in 1801.

The editors hope this book will serve as a solid reference for the
younger generations as well as for more seasoned researchers to
successfully pursue future exploration of the Main Belt. We cer-
tainly have learned a lot thanks to Dawn, and yet we know that we
have barely scratched the surface of what Main Belt asteroids can
tell us about the dawn of our Solar System.
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