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Introduction: Throughout history, asteroids have often gone through 
collisions, causing some to migrate throughout the solar system. By looking 
at whether or not asteroids have hydrated or anhydrous minerals, the 
formation location of an asteroid could be inferred in reference to the frost 
line. Asteroids that formed outside the frost line, the distance from the Sun 
at which water could condense into ice during solar system formation, are 
more likely to contain hydrated minerals, including phyllosilicates such as 
lizardite. Asteroid emissivity spectra indicate asteroid composition based on 
emitted wavelengths of light. Asteroid spectra in the mid-infrared range have 
not yet been explored in depth, so in our research, we analyzed mid-infrared 
spectra of asteroids throughout the asteroid belt for indications of dry and 
wet silicates and attempted to draw connections between the location of 
asteroids in the main belt and the presence of hydrated and anhydrous 
minerals.

Methods: Emissivity spectra of asteroids in the mid-infrared (8 - 13 um) were 
obtained from previous telescopic studies using Palomar Observatory1 and 
Spitzer Space Telescope 2. This data for each of eleven asteroids was 
digitized and plotted along with the emissivity of the minerals: pyroxene 
(coarse (74-250 um particle size) and medium (45-125 um particle size) 
enstatite (Mg2Si2O6)), olivine (Fo92(Fe2+,MG)SiO4), serpentine 
(Mg,Fe2+,Ni)Si2O5(OH)4), and lizardite (Mg3Si2O5(OH)4). Mineral reflectance 
spectra were obtained from the ASTER Spectral Library and converted to 
emissivity (1-reflectance). These minerals were chosen because they are 
commonly found in asteroid spectra. Pyroxene and olivine are anhydrous and 
serpentine and lizardite are hydrated minerals. The asteroid spectra were 
compared to the mineral spectra to attempt to identify similarities (peaks due 
to fundamental vibrations in the minerals’ crystal lattice) which were 
determined by eye. Conclusions about the asteroids’ location during formation 
were drawn based on the asteroid’s mineral composition.

Conclusions: Because the emissivity spectra of asteroids in the mid-infrared are so flat 
(very low spectral contrast),  it is difficult to draw any comparisons between the spectra of the 
minerals and the asteroid spectra. We observed possible correlations leading to the following 
conclusions. Further investigation could attempt to normalize the mineral spectra in order to 
compare them on the same scale as the asteroid spectra. Other forms of pyroxene and other 
phyllosilicates could also be used for comparison.

● Features of pyroxene and lizardite were observable in most of the mid-infrared spectra of 
the asteroids studied, however we were unable to detect serpentine or olivine in most of 
them based on their mid-infrared spectra.

● The spectra of 3 Juno indicated the presence of lizardite, even though it is currently 
located inside the frost line. This asteroid therefore may have formed outside the frost line 
and migrated inward.

● The spectrum of 383 Janina shows no presence of lizardite, indicating that Janina likely 
formed inside the frost line and migrated outward.

● The spectra of 2 Pallas and 65 Cybele showed no presence of pyroxene, probably due to 
their low albedo.

● The spectral contrast in the asteroids’ spectra is a closer match to the medium grain 
enstatite than to the coarse grain enstatite in all examples indicating that the particle size 
of each asteroid’s surface are likely in the 45-125 um range.
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Vesta’s spectra matches pyroxene (medium)  with peaks at 9.3 um and at 11.0 um. 

This is the only asteroid in which olivine might be apparent. 

Juno’s spectral shape at 9.3 um matches lizardite.  A peak at 9.7 um matches 

coarse pyroxene. 

Davida’s spectra matches lizardite at 9.7 um and matches pyroxene at 11.02 um. Pallas’s spectra has a peak at 9.3 um which could correspond to lizardite. No 

correlation to pyroxene is seen.

Asteroids are assigned to asteroid spectral types based on their spectrum, color, and sometimes 
albedo. C-, V- and S-type asteroids are three common spectral types. C-type asteroids are 
carbonaceous, V-type asteroids or vestoids are asteroids with spectral types like Vesta’s, and 
S-type asteroids are asteroids with high silica content. Below is background research about each 
asteroid and minerals this study observed in their spectra4:
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