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A Primitive Planetary Body

Our solar system is not just planets 
orbiting around a star. There are many 
celestial bodies that we are continually 
discovering and exploring, such as 
asteroids, comets, moons and dwarf 
planets. Dwarf planets are particularly 
interesting objects, which offer scientists 
the opportunity to study worlds very 
different to Earth and provide clues 
about the evolution of our solar system.

The Dawn mission provided an exciting 
opportunity for scientists to study the 
dwarf planet Ceres in much greater 
detail than ever before. Very little is 
known about Ceres, particularly details 
of its internal structure, but scientists 
are very interested in its evolution 
because there is a significant proportion 
of water ice within its crust.

The search for water is closely linked to 
the search for extra-terrestrial life, but 
learning how Ceres evolved also gives 
clues about the early history of our solar 
system. Ceres is a primitive planetary 
body, which formed at a similar time 
to the other planets, but was never 
finished due to its close proximity to 
Jupiter. The pull of Jupiter’s gravity 
was so strong that material could not 
coalesce to continue forming Ceres 
as it did for the other rocky planets. 
Therefore, Ceres provides an exciting 
opportunity to study a planetary body 
that may be similar to the early Earth.
Alongside his collaborators, Dr Scott 

King of Virginia Tech studies images 
and measurements of the surface of 
Ceres taken by the Dawn spacecraft 
during its Ceres orbit between 2015 and 
2018. By combining this with computer 
simulations and models, they have been 
able to explore the internal structure of 
Ceres, and theorise how this mysterious 
world evolved.

Clues on Ceres’s Icy Surface

Ceres lies within the asteroid belt 
between Mars and Jupiter. For many 
years, it was considered to be an 
asteroid, but was re-classified as a dwarf 
planet in 2006, as it is much larger and 
rounder than the rocky asteroids around 
it. Ceres has a radius of 476 kilometres, 
and is thought to have a layered 
internal structure similar to that of the 
rocky inner planets. Early telescopic 
observations by scientists showed that 
up to 25% of its mass is likely to be 
made up of water ice, predominantly 
found in the crust. 

Ceres has a highly cratered surface; 
however, the absence of very large 
craters suggests that some process may 
have reworked the original surface, 
which has intrigued scientists. The 
dwarf planet’s location means that 
many large asteroids would have hit it 
during its lifetime. This has led to the 
suggestion that an icy subsurface could 
be erasing evidence of craters due to its 
slow, viscous flow.

THE DAWN MISSION: 
CASTING NEW LIGHT  
ON CERES 
The dwarf planet Ceres is just a fraction of the size of Pluto, yet it 
holds valuable information about the evolution of our solar system. 
As a member of the Dawn mission team, Dr Scott King at Virginia 
Tech has been using data gathered by NASA’s Dawn spacecraft to 
explore the interior structure of Ceres.

The Dawn spacecraft carried a framing 
camera, and by employing a technique 
known as stereophotogrammetry, the 
Dawn team was able to map the depths 
of the largest craters on Ceres, creating 
a digital terrain model. The researchers 
then applied a numerical simulation 
to discover how much crater walls 
have sunk, or ‘relaxed’, over billion-
year timescales. Dr King describes 
how important computer simulations 
are for understanding the evolution 
of a planetary body. He suggests that 
computer simulations can use the 
observations of planetary bodies 
scientists make in the present, such 
as measuring heat signatures or the 
movement of tectonic plates, to model 
how specific aspects of that planet have 
changed over millions of years.

Ceres as seen by NASA’s Dawn spacecraft. 
The projection is centred on the Occator 

Crater, home to the brightest area on 
Ceres. Occator is centred at 20 degrees 

north latitude, 239 degrees east 
longitude. CREDIT: NASA/JPL-Caltech/

UCLA/MPS/DLR/IDA
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The Dawn team discovered that most 
of the large craters on Ceres are several 
kilometres deep, which would suggest 
that a slow slumping or relaxation of the 
crater walls has not yet occurred. This 
means that the crust on Ceres must be 
made of a material that is at least 1,000 
times more viscous than water ice for 
impact craters to remain this deep over 
millions of years. Dr King suggests that 
there can be no more than 30–40% ice 

in the crust, and that this is mixed with 
rock material, salts, carbonates and 
possibly even clathrates (compounds 
where one molecule is trapped within 
the crystal structure of another). This 
combination would make the surface 
of Ceres much more viscous and 
consistent with the crater shapes the 
team observed.

The team did discover some 
anomalously shallow craters, which 
suggested there could be some areas 
of the surface that are more viscous 
than others. It is possible that the dwarf 
planet’s viscous crust may overlie a 
subsurface that is more deformable, 
containing water ice, or possibly even 
small amounts of liquid water left over 
from an ancient ocean on Ceres. This 
may account for the lack of older impact 
craters.

Understanding the Interior

Dr King and his colleagues used the data 
provided from the Dawn spacecraft’s 
orbit of Ceres to confirm whether there 
is an inner core. The early telescopic 
studies of Ceres provided data from 
which scientists could estimate the 
density of Ceres. These studies indicate 
that the dwarf planet’s interior is likely 
arranged into an outer crust and at 
least one inner layer. By mapping 
the topography and features of the 
surface from images taken by the Dawn 
spacecraft, scientists have started to 
understand how internal layering may 
have evolved. 

In a recent publication, Dr King and his 
colleagues were able to use computer 
simulations to model the interior of 
Ceres. By using over a hundred billion 
models with varying parameters, they 
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A cutaway view of Ceres’ surface topography (in colour shading) with a superimposed 
temperature isosurface from one of Dr King’s 3D convection models. The hot plume (in 

tan) is shown rising beneath the high plateau (Hanami Planum), and the black lines 
represent the interpreted extensional faults, or Samhain Catenae (pit chains). Occator 

crater sits on the high plateau.
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were able to confirm that Ceres has a high-density core. They 
also discovered that the density of Ceres increases with depth. 
There is still some discussion as to the exact composition of 
the core, but Dr King suggests that it could be a combination 
of dry silicates (rocky minerals containing no water), along with 
heavier metallic minerals.

The Dawn team created a map of the features on the surface of 
Ceres, and identified a series of characteristics called pit chains. 
These are funnel-shaped pits formed by the drainage of impact 
materials into a subsurface void. These linear features, called 
the Samhain Catenae, consist of around six pit chains, totalling 
1,211 kilometres in length. 

The team used the spacing of these features, combined with 
experimental and computer modelling results, to estimate that 
the local thickness of the dwarf planet’s outer layer is at least 
58 kilometres. This is around 14 kilometres greater than the 
previously calculated average thickness of the outermost layer. 
The Samhain Catenae are located close to another region with 
a similar thickness called Hanami Planum. In this location, 
scientists have also discovered a gravity anomaly – a difference 
in density between the outer crust and the underlying rock-rich 
layer.

Evolution of the Interior 

Data from the Dawn spacecraft has been vital to understanding 
the internal structure of Ceres. A core made of denser material 
compared to that found in the outer crust suggests that Ceres 
underwent differentiation soon after the dwarf planet formed. 
Differentiation is a process where materials separate into 
different layers according to how dense they are. This left a 
dense core of dry rock and metallic minerals, surrounded by 
less dense hydrated rock material and a thin crust made of a 
mixture of low-density materials. 

NASA’s Dawn mission confirmed that there is a significant 
amount of water present on Ceres, particularly at the surface, 

locked within icy deposits and rocky minerals with water in 
their crystal structure. This supports the theory that Ceres once 
had a watery ocean, and there are ocean remnants remaining 
within the crust and shallow subsurface.

Dr King and his colleagues also propose that Ceres might be a 
dynamic planetary body – a planet where internal processes 
can affect the surface. There is evidence of convection within 
the dwarf planet’s rocky interior that could have caused some 
of the variation in topography and thickness of the crust. This is 
similar to the process within the Earth where hot mantle slowly 
deforms and over long timescales acts like a viscous liquid even 
though it is solid. 

The small size of Ceres means that unlike the Earth, Mars or 
even the Moon, Ceres did not have enough heat when it formed 
to power this viscous motion. Instead, heat was generated by 
radioactivity over time, gradually warming the interior until 
it became unstable. This could result in a single large area of 
upwelling, called a plume. The team proposes that this plume 
could alter the topography in the outermost crust, resulting 
in the pit chain formations of Samhain Catenae. It would also 
account for the thicker crust at Hanami Planum, along with the 
gravity anomaly that the Dawn spacecraft measured.

The possibility that a dwarf planet such as Ceres might be 
a dynamic body despite being much smaller than other 
geologically active bodies in the solar system is an exciting 
revelation. It was thought that Ceres was too cold for internal 
convection to occur. Evidence of an upwelling plume, along 
with the potential presence of liquid water, will help scientists 
to better understand how early Earth may have evolved. It may 
also suggest new locations to find liquid water in our solar 
system and beyond. Liquid water might be present below the 
surface of Ceres, as the presence of salt lowers the freezing 
temperature of water. The Dawn mission has provided a wealth 
of information that scientists continue to analyse in order to 
further our understanding of the early solar system.

Crustal Thickness map of Ceres. Red/yellow lines are the Samhain Catenae (pit chains). Stars indicate the locations of large domes.
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Meet the researcher

Dr Scott King is Professor of Geophysics at Virginia Tech, 
with a particular research interest in combining numerical 
models with topography, gravity and seismic measurements 
to understand plate tectonics and the internal structure of 
planetary bodies. He was selected as a Guest Investigator for 
NASA’s Dawn mission to Ceres, but has also worked on the 
evolution of Mercury, Venus, Earth, and Mars. Since completing 
his PhD at the California Institute of Technology, Dr King 
has had an extensive research career resulting in over 80 
publications. He is a Fellow of the Geological Society of America 
and in 2009 received the Alexander von Humboldt Research 
Award.
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E: sdk@vt.edu
W: http://scottdking.wordpress.com 
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PARTICIPATING INSTITUTES

The Dawn mission is managed by the Jet Propulsion 
Laboratory for NASA’s Science Mission Directorate in 
Washington. Dawn is a project of the directorate’s Discovery 
Program, which is managed by NASA’s Marshall Space Flight 
Center in Huntsville, Alabama. The University of California at 
Los Angeles (UCLA) is responsible for overall Dawn mission 
science. The German Aerospace Center, the Max Planck 
Institute for Solar System Research, the Italian Space Agency 

and the Italian National Astrophysical Institute are international 
partners on the mission team.
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