
MID-INFRARED SPECTROSCOPY OF PRIMITIVE ASTEROIDS IN THE MAIN BELT  O. A. Humes1 ,
C. A. Thomas, J. P. Emery, A. M. Martin2,  1  Department of Astronomy and Planetary Science, Northern Arizona
University, Flagstaff, AZ 86011, USA, 2 Department of Physics, University of Central Florida, Orlando, FL 32816,
USA

Introduction:  Primitive asteroids, e.g. those that
have undergone little geothermal alteration since their
formation,  are  common throughout  the  middle  Solar
System, including in the Main Belt and Jupiter Trojan
populations. Many of these asteroids are classified as
D & P type asteroids in the Bus-DeMeo classification
scheme  due  to  their  reddish  spectral  slopes  in  the
visible and near-infrared  (VNIR) [1].  However,  their
relatively  featureless  VNIR  spectra  limit  the
conclusions that can be drawn about the relationships
between  different  asteroid  populations  as  their
compositions,  and  thus  formation  region,  remain
poorly constrained by VNIR observations [2]. In order
answer  the  question  of  whether  VNIR  spectral
similarities  reflect  true  compositional  similarities
between D & P type asteroids, we investigate the 10-
and 20-micron silicate emission features of a sample of
thirteen  Main  Belt  asteroids.  Our  sample  combines
archival  Spitzer  Space  Telescope  data  and  novel
observations  of  asteroids  from  the  Stratospheric
Observatory  for  Infrared  Astronomy  (SOFIA)  and
compares the spectra of Main Belt asteroids to existing
literature spectra of Jupiter Trojans [3].

 The  presence  of  10-  and  20-micron  silicate
emission features  has been demonstrated for a number
of populations of small Solar System bodies including
Main  Belt  asteroids  [4],  Jupiter  Trojans  [3,  5],  and
comets  [6].  These  features  are  diagnostic  of  silicate
composition,  crystal  structure,  and  regolith  porosity
[3,7]. Thus, the shapes of silicate emission features in
the  mid-infrared  offer  rich  insights  into  the
compositions  for  asteroid  populations  that  otherwise
remain  mysterious  due  to  a  lack  of  VNIR  spectral
features.  

Methods:  
Stratospheric Observatory for Infrared Astronomy.

We observed four primitive asteroids using the Faint
Object  infrared  Camera  for  the  SOFIA  Telescope
(FORCAST)  using  the  G111 and G227 grisms  with
contemporaneous imagery in the F111 and F253 filters
[8].  Initial  processing  of  these  data,  including
background subtraction  and  spectral  extraction,  were
performed  by  USRA.  Following  the  procedures
described  in  the  FORCAST  Basic  Photometry  and
FORCAST  Grism  Spectra:  Basic  Inspection  and
Assessment  cookbooks  [9,  10],  we  performed
photometric adjustment of the spectra prior to thermal
modeling.

Spitzer Space Telescope.  We identified ten D & P
type  Main  Belt  asteroids  in  the  Spitzer  Heritage
archive  to  analyze.  The  asteroids  were  all  observed
using  the  Infrared  Spectrograph  (IRS)  instrument  as
part  of  programs  IRS_P/666,  IRS_R/668,
ASTEROIDS-1/88,  and  ASTEROIDS-2/91  [11].  For
each  observation,  we  performed  background  pair
subtraction and extracted the spectra using the Spitzer
IRS  Custom  Extraction  (SPICE)  software  following
the procedure outlines by Recipe 16 in the Spitzer Data
Analysis Cookbook [12]. 

Analysis.  To  convert  from  emission  spectra  to
emissivity spectra,  we modeled the expected  thermal
emission  spectrum  of  each  asteroid  using  the  Near
Earth  Asteroid  Thermal  Model  (NEATM)  [13]
implemented in by Michael Kelly [14, 15]. To convert
from emission to emissivity, we divided the emission
spectrum  of  each  asteroid  by  its  best-fit  NEATM
emission model. To determine the location of spectral
features in each asteroid’s spectrum, we used a Monte
Carlo method to generate a thousand synthetic asteroid
spectra with each data point  drawn from a Gaussian
distribution with a mean equal to the emissivity and a
standard deviation equal to the error at that point. For
each  synthetic  spectrum,  we  fit  a  fourth  order
polynomial  spline  to  the  spectrum  in  order  to
determine  the  position  of  peaks,  dips,  and  other
spectral  features  along  with  their  error  bars  [3].  In
addition,  we  parameterized  the  10  micron  emission
feature  by  measuring  its  width,  spectral  contrast,
continuum  contrast  and  skew  following  methods
developed to characterize this feature for the Trojans
[3].

Results and Discussion:  We find that the majority
of  P  &  D  type  Main  Belt  asteroids  in  our  sample
resemble the Trojans in the mid-infrared. In terms of
composition, most of the asteroids in our sample are
mixtures  of  crystalline  and  amorphous  olivine  and
pyroxene with high regolith porosities as reflected by
their spectral contrasts and the positions of individual
feature  positions.  These  compositions  are  similar  to
those  of  the  Trojan  asteroids,  indicating  a  potential
shared parent population for some primitive asteroids
in  the  Main  Belt  and  Trojans.  While  the  Main  Belt
asteroids  we examined had similar  spectral  contrasts
and  feature  widths  to  the  Trojans,  we  found  that
asteroids  in  our  Main  Belt  sample  had  flatter
continuum slopes and more short-wavelength skewed
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10  micron  features  than  the  Trojans.  The  physical
explanation for this difference is currently unknown.

Figure 1. The emissivity spectra of three D type asteroids,
Jupiter  Trojan  588  Achilles  (from  [3]),  and  Main  Belt
asteroids  944 Hidalgo and 368 Haidea.  As D types,  these
asteroids share similarly dark and red-sloped VNIR spectra,
but  mid-infrared  spectroscopy  reveals  compositional
differences  between these  otherwise  similar  asteroids.  588
Achilles and 944 Hidalgo strongly resemble each other and
both  show  a  prominent  shoulder  near  11  microns  that  is
indicative of olivine, while 368 Haidea does not show the 11
micron olivine feature and the position of its spectral features
is noticeably shifted towards shorter wavelengths.

We  found  that  two  asteroids  did  not  follow  the
general trends described above. Both 368 Haidea and
1702  Kalahari  are  D  type  Main  Belt  asteroids  that
show 10-micron  silicate  emission  features  shifted  to
significantly shorter wavelengths than asteroids in the
rest of the Main Belt sample. These asteroids also lack
a  peak  or  shoulder  at  11.2-11.4  microns  that  is
indicative  of  the  presence  of  olivine  [16,  17],
suggesting  an  olivine  poor  composition.  In  the  20-
micron region, these asteroids also differ from the rest
of  the  Main  Belt  sample,  showing  a  nearly  linear
decrease  from a  peak  at  15  microns  rather  than  the
flatter emissivity spectra with broad peaks at 18 and 20
microns seen for the rest of the sample. We interpret
this 15 micron peak and the shortward shift of the 10
micron  feature  as  indicative  of  the  appearance  of
Christiansen  features  of  pyroxene  in  the  spectra  of
these asteroids, indicating a low porosity regolith [3].
While  these  two  D  types  have  distinctive  spectral
features, the other two D type asteroids in our sample,
944  Hidalgo  and  3552  Don  Quixote  more  closely
resemble  the  Trojans  and  the  rest  of  our  Main  Belt
sample,  showing  that  spectral  resemblance  in  the
VNIR  does  not  necessarily  guarantee  compositional

similarity  as  reflected  by  the  silicate  features  in  the
mid-infrared.
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