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Introduction:  Space weathering (SpWe) is known 
to induce physical and chemical changes on asteroids. 
The usual way to detect SpWe is to look at visible and 
near-infrared spectrum as albedo and spectral slopes 
are sensitive to such surface alteration. However, a 
clear SpWe trend has not been established yet for low-
albedo asteroids. In order to investigate SpWe effects 
on Bennu during the operations of the Origins, Spectral 
Interpretation, Resource Identification, and Security–
Regolith Explorer mission (OSIRIS-REx) [1], we take 
advantage of the OSIRIS-REx Thermal Emission 
Spectrometer (OTES) [2] observations in the mid- and 
far-infrared to look for other spectral criteria. 

Context: Laboratory experiments used to simulate 
the SpWe on low-albedo objects have found that car-
bonaceous chondrites (CCs) of various compositions 
show different VIS-NIR spectral trends upon irradia-
tion [3-5]. Bennu is a dark and phyllosilicate-rich as-
teroid [6] and SpWe could have played a role in the 
spectra we observe. OSIRIS-REx VNIR data could not 
highlight yet clear evidence of fresh material that 
would help discriminate the effects of SpWe on Bennu. 
Furthermore, the spectral slopes and albedo can be 
influenced by factors such as surface porosity, grain 
size and roughness. For these reasons, additional in-
formation is required from other spectral ranges with 
diagnostic bands, such as the mid-IR and far-IR ranges 
covered by OTES instrument [2]. 

Method: Based on MIR and FIR measurements 
performed on meteorites before and after irradiation 
[7], we built new spectral criteria to detect irradiated 
surfaces. We found a systematic shift of the bands to-
ward longer wavelength. The shift varies from ~15 to 
50 cm-1 for the Si-O stretching depending on the ion 
energy used and the the initial composition of the sam-
ple (we consider here the best analogues to Bennu: 
CM, CI, and C2 meteorites with hydrated band be-
tween 1020 and 960 cm-1 before irradiation).  

Because the shift is detectable by OTES, especially 
for the 10 µm band (spectral sampling ~9 cm-1 for a 
spectral shift of about few tens of cm-1), we apply this 
finding to OSIRIS-REx data (Fig. 1). We focused this 
study on spectra acquired during Equatorial Station 3 
(at 12:30 pm local solar time) of the Detail Survey 
mission phase (spring 2019) [8]. This dataset was cho-

sen because the emission spectroscopy observations 
were optimal at this local time. The spatial resolution 
was about 40 m. 

Band position is determined using polynomial fit-
ting, derivative or simple minimum. These different 
methods are compared and allow us to estimate the 
error. 

Figure 1: Example of 70 OTES spectra centered on the 
10 µm band studied here. Top are unprocessed spectra. 
Bottom are smoothed data using a Savitzky-Golay 
filter (window of 11 for a 3rd polynomial order fitting). 
The blue spectrum is highlighted because its minimum 
is located at ~920 cm-1 before and after smoothing (see 
Results section). Thus, the smoothing filter does not 
affect the band position. 

Results: Analysis of Detailed Survey spectra 
showed spectral variability in the shape and position of 
the silicate stretching feature at 10 µm. Two end-mem-
bers were highlighted (band position at ~970 and 840 
cm-1), associated with spatial variations in the domi-
nant particle size on the surface of Bennu [9]. The shift 
between these two band positions is too large to be due 
to SpWe, as compared to laboratory experiments. 
However, the distribution of the 10 µm band position 
reveals a third group in between (Fig. 2) for which the 
band position is consistent with the SpWe effect mea-
sured on carbonaceous chondrites. 

Ongoing Work: We search for possible correlation 
between this distribution and observation parameters 
(viewing geometry, temperature, …) to rule out or con-

Wavenumber (cm-1)

Em
is

si
vi

ty

1850.pdf51st Lunar and Planetary Science Conference (2020)



firm the SpWe as a source of this intermediate spec-
trum population on Bennu. We will look at data ac-
quired at lower altitude, thus better spatial resolution, 
during reconnaissance of target sites to test further this 
hypothesis. 

 

Figure 2: Distribution of MIR band position (simple 
minimum estimation) from Detailed Survey EQ3 
OTES data. Data have been smoothed using a Sav-
itzky-Golay filter. End-member peaks at ~835 and 
~965 cm-1 come with a third population around 915 
cm-1 consistent with SpWe effects. The black line is a 
density model to guide the eyes. The same kind of dis-
tribution with three populations is obtained when 
analysis is performed on unprocessed data. 
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