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I.  Introduction: Discovery of H20-ice and organic 
molecules on asteroids 
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IV. Conclusions  
 n  H2O-ice and organic molecules discovered on two 

asteroids 
n  These results support views that asteroids and 

comets contributed water and organics to the pre-
biotic Earth 

n  Relevant to sample-return and other missions to 
asteroids by ESA, JAXA & NASA 



Ice and Organics on Asteroids:  
24 Themis & 65 Cybele 



La sonda 

 I. Introduction.  
I.  Most Asteroids are rubble-piles 

Asteroid Itokawa, visited by the 
Japanese Spacecraft Hayabusa 



 I. Introduction.  
  Collisional Evolution of Asteroids 
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Asteroid Main Belt and Jupiter Trojans 



l   Largest fragment of a family  
l   Orbiting near 3.2 AU 
l   Diameter ~ 200 km     
l   Geometric Albedo of 0.07 
l   Rotational period: 8.4 h   

I. Introduction: 24 Themis 



l   Largest of dynamical group between 3.3 & 3.7 AU 
l   Orbiting near 3.4 AU 
l   Diameter ~ 300 km     
l   Geometric Albedo of 0.07 
l   Rotational period: 4.0 h   

I. Introduction: 65 Cybele 



Infrared spectra of Asteroids 24 Themis and 65 Cybele 



Ice 

Infrared spectra of Asteroids 24 Themis and 65 Cybele 



Ice 

Infrared spectra of Asteroids 24 Themis and 65 Cybele 

Solid lines: ice model spectrum  



Something is missing! 

Infrared light from Asteroids 24 Themis and 65 Cybele 



Something is missing !!! 

Hogwarts 
School of 
Astronomical 
Potions 



Organics! 

Infrared light from Asteroids 24 Themis and 65 Cybele 



ORGANICS: the missing ingredient !!! 
A 5% of “Ice Tholin” added to the mixture of 
water ice and anhydrous silicate works best! 

Campins et al. 2010a 



•  We obtained spectra of both asteroids as 
they rotated and there was no change in the 
spectral features 
  
•  This means: ice and organics are 

 widespread on both asteroids 

Rotationally Resolved Observations:  



II. Implications on Origin of Earth’s Water  
and Organic Molecules 
Water in Meteorites 
•  Most meteorites come from asteroids 

•  The contents of H2O in meteorites indicates a 
decrease in water abundance in the asteroid belt 
with decreasing distance from Sun   

•  Meteorites believed to have originated in the 
innermost part of the asteroid belt are the driest 
known material in the solar system 

•  This suggests that the building blocks that 
formed Earth & Mars should have had an 
even lower water content   



Water in Meteorites  

Wet 

Dry 

Suggestive of very low availability of 
water for accretion at heliocentric 

distances for Mars and Earth 



 
•  Why is Earth rich in H2O? Where did it come from? 
•  It has been suggested that most of Earth’s water 

came from impacts with asteroids and comets 
•  For example, Morbidelli et al. (2000) suggested 

Earth’s water could have come from a single impact 
with an object formed in the outer asteroid belt   

•  Asteroids 24 Themis and 65 Cybele are in the outer 
asteroid belt 

 

II. Implications on Origin of Earth’s Water  
and Organic Molecules (Cont.) 



 
•  The composition Earth’s water is consistent with an 

asteroidal and cometary contribution to Earth’s 
volatiles 

•  Main evidence from Deuterium to Hydrogen 
isotopic ratios (D/H) 

II. Implications on Origin of Earth’s Water  
and Organic Molecules (Cont.) 
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•   Water-rich meteorites have the appropriate D/H 
ratio to be a source of Earth’s Water 

•  The few comets properly observed have D/H 
ratios higher or same as Earth, so comets may 
have contributed to raise the D/H from the Solar 
Nebula value 

II. Implications on Origin of Earth’s Water  
and Organic Molecules (Cont.) 
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•  Magma Oceans 
destroyed any 
primordial organics 
on Earth 

•  i.e.,  Earth sterilized 
itself when it formed 

II. (cont.)  
 
 

•  Meteorites and Comets have significant amounts 
of organic molecules:  
–  the most primitive meteorites, are rich in 

amino acids, and  
–  about half of the cometary dust is organic 



•  Meteorites and Comets have significant 
amounts of organic molecules:  
–  For example, the Murchison meteorite 

contains a large assemblage of amino acids 
including many of the amino acids 
incorporated into Earth's living systems 

Murchison CM2  
Carbonaceous Chondrite Meteorite 



•  Hence, impacts with asteroids and comets, may 
have also contributed significantly to the organic 
molecule inventory of early Earth 

•  The discovery of water ice and organics 
on 24 Themis and 65 Cybele supports 
an asteroidal origin of at least some of 
Earth’s water and organic molecules 

II. (cont.) 
 



1.  24 Themis may be related to near-Earth Asteroid 
(NEA) 101955 Bennu, target of NASA’s asteroid 
sample return mission: OSIRIS-REx 

3.  Same for NEA 1999 JU3,  target of JAXA’s 
Hayabusa-2 asteroid sample return mission  

  

III. Relevance to Space Missions 
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ABSTRACT

Context. Near-Earth asteroid 162173 (1999 JU3) is the primary target of the Japanese Aerospace Exploration Agency (JAXA)
Hayabusa-2 sample return mission, and is also on the list of potential targets for the European Space Agency (ESA) Marco Polo
sample return mission. Earth-based studies of this object are fundamental to these missions.
Aims. Our aim is to provide new constraints on the surface properties of this asteroid.
Methods. We present a mid-infrared spectrum (5–38 µm) obtained with NASA’s Spitzer Space Telescope in May 2008 and results
from the application of thermal models.
Results. These observations place new constraints on the surface properties of this asteroid. To fit our spectrum we used the near-Earth
asteroid thermal model (NEATM) and the more complex thermophysical model (TPM). However, the position of the spin-pole, which
is uncertain, is a crucial input parameter for constraining the thermal inertia with the TPM; hence, we consider two pole orientations.
First is the extreme case of an equatorial retrograde geometry from which we derive a rigorous lower limit to the thermal inertia of
150 Jm−2 s−0.5 K−1. Second, when we adopt the pole orientation of Abe et al. (2008a, 37th COSPAR Scientific Assembly) our best-fit
thermal model yields a value for the thermal inertia of 700± 200 Jm−2 s−0.5 K−1 and even higher values are allowed by the uncertainty
in the spectral shape due to the absolute flux calibration. Our best estimates of the diameter (0.90 ± 0.14 km) and geometric albedo
(0.07 ± 0.01) of asteroid 162173 are consistent with values based on previous mid-infrared observations.
Conclusions. We establish a rigorous lower limit to the thermal inertia, which is unlikely but possible, and would be consistent with
a fine regolith similar to wthat is found for asteroid 433 Eros. However, the thermal inertia is expected to be higher, possibly similar
to or greater than that on asteroid 25143 Itokawa. An Accurately determining the spin-pole of asteroid 162173 will narrow the range
of possible values for its thermal inertia.

Key words. minor planets, asteroids – infrared: solar system – space vehicles

1. Introduction

Near-Earth asteroid 162173 (1999 JU3) is the primary target of
the Japanese Aerospace Exploration Agency (JAXA) Hayabusa-
2 sample return mission. This object is also on the list of poten-
tial targets for the European Space Agency (ESA) Marco Polo
mission, which was selected for an assessment phase study in
late 2007. The goal of both missions is to return to Earth sam-
ples of a primitive near-Earth asteroid for laboratory analysis.

Since these space missions seek to understand the origin and
nature of volatile and organic material in the early Solar System,
samples of a primitive asteroid (C, P, or D asteroids in the Tholen
classification system; Tholen & Barucci 1989) are highly desir-
able. Asteroid 162173 is a C-class object, more specifically a Cg-
type in the SMASS classification system (Binzel et al. 2001). In
the asteroid population, C-class objects are abundant in the mid-
dle to outer Main Belt, and are primitive, volatile-rich remnants
of the early solar system. Spectroscopy of C-class objects and
comparisons with potential meteorite analogs suggest surface

constituents of anhydrous silicates, hydrated minerals, organic
polymers, magnetite, and sulfides (e.g., Rivkin et al. 2002;
Gaffey et al. 2002). Dynamically, asteroid 162173 is most likely
to have come from the main asteroid belt through the 3:1 jo-
vian mean motion resonance (e.g., Bottke et al. 2002). At visi-
ble and near infrared wavelengths (0.5 to 2.0 µm), this asteroid
shows a spectrum with a neutral to bluish spectral slope (Binzel
et al. 2001; Abe et al. 2008b). A broad and shallow absorp-
tion, centered near 0.7 µm and associated with hydrated min-
erals (iron-bearing phyllosilicates), has been reported at one ro-
tational phase by Vilas (2008). This asteroid appears to be nearly
spherical with a rotational amplitude of about 0.1 mag (Abe
et al. 2008b) and a rotation period of 0.3178 days (Hasegawa
et al. 2008). Ground-based and space-based narrowband mid-
IR photometry were used by Hasegawa et al. (2008) to derive
estimates of the geometric albedo (0.063 +0.020 –0.015), diam-
eter (0.91± 0.12 km), and thermal inertia (!500 Jm−2 s−0.5 K−1).
The small rotational amplitude makes determining a spin-pole
orientation for this asteroid a challenging task; nevertheless, a
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•  Record of pre-biotic organics on Earth is 

lost (erased by life itself): 
Sample of organics on asteroids may provide 
that record and help determine origin and 
evolution of life on Earth and possibly 
elsewhere. 

  

III. Relevance to Space Missions 



IV. Conclusions  
 n  H2O-ice and organic molecules discovered on two 

asteroids 
n  These results support views that asteroids and 

comets contributed water and organics to the pre-
biotic Earth 

n  Relevant to sample-return and other missions to 
asteroids by ESA, JAXA & NASA 



NASA’s OSIRIS-REx 


