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They show different shapes, sizes and 
morphologies.

152830 Dinkineshand its
satellite Selamas 
photographedby the NASA 
Lucy mission. Thesetiny
asteroidsof the main 
asteroidbeltare about 700 
m and 200 m in diameter. 

calledmeteorsor fallingstars. If the object
survives throughthe atmosphereand hits the 
ground,  it iscalleda meteorite.

Images of 
asteroids 
visited by 
space 
missions. 

Asteroids
encounteringthe 
Earth's
atmosphereleavea 
visible trail in the 
sky.  Theseare



Asteroids are small bodies of the Solar 
System formed by accretion from 
planetesimals (the first macroscopic 
objects to appear in a protoplanetary 
disk) about 4.6 billion years ago. They 
range in size from a few meters up to 
1,000 km. They are generally 
composed of rock and metal, and some 
contain ice.

Whenasteroidspassnearthe Sun they
heat up.  If an asteroid contains ices, 
these will vaporize, creating a glowing
coma and a tail and consequently the 
asteroid is said to  ‘show activity’ and 
is classified as a comet.

Transneptunian objects (at the far 
edges of our Solar System) are 
classified as asteroids because when
they are discovered they do not show 
activity, even though they contain ices
and are the source of comets.
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What are asteroids ?



C-type (carbonacious) 
asteroids are darkand 
containcarbonmolecules. 
Theyare the most
primitive (similarto 
primordial matterthat
formedthe Solar 
System). About 75% of  
knownasteroidsbelongto 
thisclass. 101955 
Bennuisa C-type.

The second mostcommon
asteroidclass isthe S 
type (silicates) formedof 
stonymaterials. 433 
Eros, visitedby the NEAR 
NASA mission,  isan S-
type asteroid. 

Bennu

Eros

Lutetia

The M type (metallic) 
asteroidclass contains
objects formedmostlyof 
metallic ironand nickel. 
The asteroid21 Lutetia, 
observedby the ESA 
Rosetta mission duringa 
flybyin 2010,  isprobably
a mixture of  metallicand 
carbonaceousmaterial.



The composition of asteroids can be 
determined by spectroscopy. Sunlight 
is absorbed in particular wavelengths
depending on the minerals present on 
the surface. Reflected light carries a 
spectral signature of the mineral
composition of the asteroid’s surface. 

The composition can alsobedetermined
fromsamplesreturnedto Earth.  This 
wasthe case for 101955 Bennu
(OSIRIS-REx mission) and 162173 
Ryugu (Hayabusa2 mission ).

Depending on their composition, 
asteroids are classified into several
groups, : C type (carbonaceous) , S 
type (silicates), and M type 
(metallic).

Knowledge of asteroid composition is
important to determine where they
formed, and gives insight into their
evolution.

Composition
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162173 Ryuguisalsoa 
Near-EarthObject and 
potentiallyhazardous
asteroid.  It wasthe 
targetof JAXA’s
Hayabusa2  mission, 
whichsuccessfully
returnedsamples to 
Earth. 

diameterof 490 m. It has a roughlyspherical
shapewitha ridgealongthe equator. Several
craters are presenton itssurface as wellmany
boulders (more than200  are larger than10 m). 

Ryuguhas a similar aspect, withitsridge
shapedby centrifugalforces. Ryuguis likewise 
verydarkand resemblescarbonaceous
meteorites.

101955 Bennuisa 
Near-EarthObject 
and a potentially
hazardousasteroid.  
It wasthe  targetof 
NASA'sOSIRIS-REx
mission, which
successfullyreturned
samples to Earth. 
Bennuhasa mean

Bennu

Ryugu



Why are asteroids so important ?
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Studingasteroidsprovidesinformation 
on the originof life on Earth. Current
scenarios for the originof life invokean 
exogenousdeliveryof organicmatterto 
the earlyEarth. It has been proposed
thatcarbonaceouschondrite matter, in 
the formof planetesimalsdown to cosmic
dust, couldhave importedvastamounts
of complexorganicmoleculesand water 
thatbroughtlife on Earth. 

For example, the analysisof samples
fromRyugushowedthatwater lockedin 
the asteroid’srocks issimilarto water 
foundin Earth’soceans. 

Analysisof samplesof Bennurevealed
thousandsof organiccompounds, 
includingaminoacids (moleculesthat
makeup proteins) alongwithnucleo-
basesof DNA/RNA.   This supports the 
theorythatasteroidsdeliveredthese
vital life ingredientsto Earthwhenthey
impactedourplanetbillions of yearsago.
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Most asteroids
are located in 
orbits between
Mars and Jupiter, a 
zone calledthe 
‘main asteroid belt’ 
and  representedin 
white in the figure.  
But manyothers
are close to the 
Earth(Near-Earth

Credit: NASA/WMAP 

This 
diagram
shows the 
orbitsof 
2,200 
potentially
hazardous
objectsas 
calculated

Objects) or co-orbital withplanets; for example
Jupiter Trojans (in green). 

by the Jet Propulsion LaboratoryCenter for 
Near EarthObject Studies. The orbitof Earth
isshownin white.  Alsoshownis the orbitof 
the double asteroidDidymos, visitedby the 
PlanetaryDefenseDART mission (see pp. 9 and 

10).



Near-Earth Objects
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Near EarthObjects(NEO) are asteroids
or cometsorbitingthe Sun whoseclosest
approachto the Sun islessthan1.3 times 
the Earth-Sun distance. If an NEO’sorbit
crosses the Earth’sorbit, itpresentsa 
collision danger  and if  the diameteris
larger than140 m, itisconsidereda 
PotentiallyHazardousobject. Someof 
thesepasssoclose to Earththatthey
are easytargetsfor spacemissions. 
The best wayto protectthe Earthfrom
collisions isto discoverall  the potentially
hazardousasteroidsand characterize
theirorbits. For this many programs are 
financed by NASA and ESA. Several
deflection methods have been 
proposed, in the event that a collison
with Earth seems likely.  The simplest 
one is the ‘kinetic impactor’, which was
tested by NASA’s DART mission.  In 
2022, the spacecraft was crashed
into Dimorphos, the moon of the 
Didimos asteroid, altering its orbit .
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Images taken by LICIA Cube nanosat just a few 
minutes after the impact of  the DART 
spacecraft on the Dimorphos moon.  The impact 
changed the moon’s orbit and also produced  a 
cloud of dust and boulders around the moon and 
asteroid.

Global distribution of confirmed impact craters



Collisions
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All solar system planets have 
undergone continuous bombardement 
since their formation. 

A major impact probably formed the 
Earth-Moon system (see tuimp 027). 

Some prebiotic molecules may have 
been imported by the impacting bodies,  
giving rise to proto-life forms.

Earth suffered a mass extinction event
some 65 million years ago,  when
dinosaurs, along with 90% of all other
living species, became extinct in a short 
period of time.  There is evidence that
this extinction  was caused by a collision 
with an asteroid that provoked an 
abrupt climate change and affected the 
global enviroment of Earth (seetuimp21).

More than 190 craters have been 
found on Earth with impact structures 
similar to the Meteor Crater in Arizona.
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The robot SCAR-E, developed by the 
Asteroid Mining Corporation,  designed 
for lunar crater exploration and asteroid 
prospecting.

An artistic view of the Hayabusa2 
spacecraft on the surface of Ryugu.



Asteroid mining
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Asteroids can contain precious
metals such as gold, cobalt, iron, 
manganese, nickel, platinum, rhodium, 
tungsten and iridium, among others. 
From the 1990s onwards, NASA and 
various private companies have 
considered mining asteroids with the 
idea of extracting metals and 
volatiles. 

Recently, billionaire entrepreneurs 
proposed to split water from the 
asteroids into hydrogen and oxygen
and thus create propellent depots in 
space.

Many companies from the USA, 
Europe and China showed interest in 
this ambitious venture. The cost of 
extraction and returning material to 
the Earth is under evaluation to 
determine if asteroid mining is a viable 
possibility or just speculation.



Answer on overleaf

Which of these 
objects is not an 
asteroid?



All the objects shown 
here are asteroids 
described in this 
booklet ...

...except this one 
which is a meteorite.

Bennu

152830 Dinkinesh

Lutecia

Ryugu

Eros



Translation: Stan Kurtz
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Cover image : Artist picture of asteroids: 
probably more than a million in the Asteroid 
belt between Mars and Jupiter.   Credit: 
1: NASA/JPL – Caltech, 2: NASA, 4.1 NASA, 
4.2 NASA, 4.3: ESA, 6.1: NASA, 6.2: JAXA, 
8.1: Wikipedia, 8.2: NASA, 10.1:
(http://www.unb.ca/passc/ImpactDatabase), 10.2: 
NASA DART & LICIACube, 12.1: Akihiro
Ikeshita, 12.2: AsteroidMining Corporation
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