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Introduction and Motivation: A combination of a 
highly-accessible orbit and a C-class spectrum makes 
asteroid (175706) 1996 FG3 of great interest to the 
science and engineering communities.  Its accessibility 
and likely-primitive (rather than igneous) mineralogy 
[1] has led to its status as the prime target for the Mar-
coPolo-R sample return mission proposal, currently 
under consideration by the European Space Agency.  
In addition, it has been identified to be a binary object, 
which further increases its scientific value [2].   

The asteroid 1996 FG3 made a close pass to the 
Earth in late 2011, when it was observed by several 
teams.   This provided an opportunity not only to con-
firm its C-complex classification and low albedo, but 
also to extend spectral data to 4 µm, where relatively 
few NEOs have been observed. 

Observations and Reduction: The SpeX instru-
ment on the NASA Infrared Telescope Facility (IRTF) 
was used to observe 1996 FG3 in prism (0.8-2.5 µm) 
and long-wavelength cross-dispersed (LXD: 2.1-4.2 
µm) modes. Prism data were obtained on five dates 
with LXD data on the four dates from November 2011-
January 2012.  Standard stars were obtained often and 
at similar airmasses to 1996 FG3, and we used a com-
mondly-used additional stage of data reduction fitting 
and removing a model atmosphere using ATRAN in 
order to minimize the effects of airmass mismatch and 
sub-pixel shifts [3]. 

Because of 1996 FG3’s low albedo (0.045: [4]) and 
its small solar distance during these observations (~1-
1.2 AU) significant thermal flux was generated.  A 
version of the Standard Thermal Model (STM: [5]) 
was used to calculate and remove this thermal flux. 
The input parameters are all known for 1996 FG3 save 
the “beaming parameter” (η), which can be fitted.  The 
thermal model we use differs from the STM  by allow-
ing η to vary rather than fixing it at a default value. A 
more sophisticated thermosphysical model taking into 
account the asteroids shape is being developed. 

Results:  The LXD observations show some evi-
dence of an absorption near 3 µm, usually attributed to 
hydrated/hydroxylated minerals [6].  While the band 
depth is sensitive to the thermal model chosen, the 
existence of these minerals on the surface of 1996 FG3 
make it only the second NEO to be found with a 3-µm 
band [3], and make it even more attractive as a sample 

return target.  While hydrated minerals are common in 
carbonaceous chondrites, they have been more elusive 
in the NEO population for reasons that are still under 
investigation. 

The LXD observations suggest η changes with 
phase angle, as expected from earlier work [7], and the 
η values appear consistent with the reported thermal 
inertia of 1996 FG3 [8].   

The prism-mode spectra taken during the 2011 ap-
parition are all consistent with one another and are 
classified in the C- or X-complex in the Bus-DeMeo 
taxonomy [9], similar to the carbonaceous chondrites.   

The 2011 observations differ significantly in spec-
tral slope from the  2009 observations of the MIT–UH-
IRTF Spectral Survey (MINUS)[10], though they are 
similar to the observations of De Leon et al. 
(2011)[11].  While this difference may appear to re-
quire significant compositional differences on the sur-
face of 1996 FG3, the CV3 meteorites show a range of 
spectral slopes consistent with what is seen on the as-
teroid.  Indeed, the CV3 meteorites appear to be a rea-
sonable quantitative match to 1996 FG3, although the 
match is not perfect or unique, and additional quantita-
tive modeling is required to strengthen this proposed 
linkage. Other carbonaceous chondrite groups may 
also provide similar ranges of spectral slopes. 

The known pole position for 1996 FG3 [12] allows 
us to estimate the sub-Earth latitudes for the various 
observations of the object. These suggest that the re-
cent apparition has been centered on the mid-latitudes 
of the southern hemisphere, while the MINUS obser-
vations were more equatorial.  
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