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Introduction: NASA’s asteroid sample return mis-
sion—Origins, Spectral Interpretation, Resource Iden-
tification, and Security–Regolith Explorer (OSIRIS-
REx) [1]—has been studying asteroid (101955) Ben-
nu’s physical and chemical properties since the begin-
ning of December 2018. Visible to near-infrared data 
acquired since then by OVIRS [2] (the OSIRIS-REx 
Visible and InfraRed Spectrometer), show an asym-
metric absorption band centered at 2.74 ± 0.01 microns 
[3] due to the presence of hydrated phyllosilicates 
across Bennu’s surface. A similar absorption band has 
been detected in some carbonaceous chondrite meteor-
ites [4, 5]; its depth and position depend on mineralog-
ical composition, as well as grain size and viewing 
geometry [4, 5, 6]. 

Laboratory analyses of carbonaceous chondrite me-
teorites, measuring the bulk content of hydrogen (bulk 
H), find that H is present in organics and in H2O and 
OH- groups in hydrated phyllosilicates [7, 8].  

Using Gaussian modeling of the 3-micron region 
absorption band, Kaplan et al. [9] showed a linear cor-
relation between meteorite bulk H values and the area 
of the Gaussian fit to the band centered at 2.75–2.85 
microns, which is diagnostic of a cation-OH stretching 
mode.  

Here, we use this bulk H measurement method to 
estimate the hydration of Bennu’s surface. We started 
by analyzing the depth of the hydrated phyllosilicate 
absorption band [10], and in the present work, we 
model Bennu spectra with five Gaussians and compare 
our results with the same analyses applied to selected 
carbonaceous chondrite meteorites [4, 5]. 

Data Analyzed:   
Bennu spectra. The reflectance spectra of the sur-

face of Bennu that we analyze were acquired by 
OVIRS during Equatorial Station 3 (EQ3) of the De-
tailed Survey mission phase, on May 9, 2019, at 12:30 
pm local solar time. The reflectance spectra have been 
photometrically corrected to 30° incidence angle, 0° 
emergence angle, and 30° phase angle [11]. 

Meteorite spectra. We also analyze a selection of 
meteorites, which have spectra measured in vacuum (at 

asteroid-like conditions) [4, 5]. Meteorite chips (100–
150 mg)  were ground into fine powders of ~100-
micron particle size. We selected 10 meteorites (Table 
1) for which bulk H values have been independently 
measured [7, 8]. In the case of Orgueil, two bulk H 
values were measured from two different samples [7]. 
Tagish Lake is characterized by its multiple different 
lithologies [12], and bulk H values were measured for 
three of them: lithologies 11h, 11i, and 5b. In our anal-
ysis, we use both bulk H values for Orgueil, as well as 
the three different values for Tagish Lake. 
 
Table  1 : Meteorites analyzed here, samples with (*) were 
crushed under acetone. 

Names Type 
Al Rais  CR2 
Banten CM2 
Cold Bokkeveld (*) CM2 
Essebi (*) C2-ung 
Ivuna CI1 
Murchison CM2 
Murray (*) CM2 
Orgueil CI1 
Queen Alexandra Range (QUE) 97990 (*) CM2 
Tagish Lake C2-ung 

 
Methods:  We model the 3-micron region band 

(from 2.65 to 3.25 microns) for all EQ3 spectra as well 
as the EQ3 average spectrum of Bennu and the 10 se-
lected meteorites, using up to five Gaussian curve fits 
and a linear continuum.  The initial parameters of 
Gaussian fitting are the center wavelength and possible 
shifting range of each Gaussian center, corresponding 
to the different stretching modes of OH and H2O (2.72, 
2.75, 2.8, 2.9 and 3.1 microns). Only the best individu-
al Gaussians and overall fit (with minimum χ2) are 
used in this study.  

Our analyses do not include the organic absorption 
bands; therefore, we chose to compare Gaussian mod-
eling results with the hydrogen content in H2O/OH- 

groups of hydrated phyllosilicates only, measured for 
the selected meteorites [7, 8]. We analyzed all obtained 
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Gaussian areas from the Bennu spectra and compared 
them with those recovered from fits to meteorites.  

Results: An example of  Gaussian modeling for 
the meteorite QUE 97990 is shown in Figure 1. Upon 
analyzing our meteorite set, we find that the center of 
the second Gaussian (G2) varies between 2.74 and 
2.77 microns, and we use this Gaussian area in our 
analysis, consistent with [9]. A Gaussian centered 
shortward of ~2.9 microns is diagnostic of a cation-OH 
stretching mode.  

 
Figure 1 : Normalized reflectance spectrum of QUE 97990 
(in red), with modeled Gaussian curves in dashed line and 
the modeled spectrum in black line. 

The same analysis was applied to all EQ3 spectra 
of Bennu, and we find that the area of G2 shows small 
variations across the asteroid surface. In Figure 2, the 
EQ3 average spectrum of Bennu is reported with five 
modeled Gaussians.  

 
Figure 2 : In red, we show the global average spectrum of 
Bennu acquired by OVIRS on May 9th, 2019. Gaussian 
curves are shown in dashed line, and the composite model is 
shown in black. 

We find a linear correlation between G2 area and 
H2O/OH– H content (wt%) for the meteorites analyzed 
(Table 1) as shown in Figure 3. We obtain a coefficient 
of correlation (R2) of 0.56, which means that 56% of 
the variations observed in the G2 area data can be ex-
plained by H2O/OH– H content variations using a line-
ar model.  

The G2 area obtained for the global average EQ3 
Bennu spectrum allows us to estimate a range of 0.80–
0.91 wt% of mean H2O/OH– H content for Bennu’s 
average surface.   
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Figure 3 : Linear correlation between G2 area and H2O/OH 
H content for the 10 selected meteorites shown in black 
points. The blue circle is for average Bennu. 

Discussion and Conclusion: The results presented 
here are a first quantitative assessment of the degree of 
hydration of Bennu’s surface, achieved by estimating 
global H content (in H2O/OH– groups of hydrated 
phyllosilicates) by analogy with meteorite data. The 
estimated H2O/OH– H content range is consistent with 
CM meteorites (0.46–1.36 wt%) [3, 7].  

This first estimation of Bennu’s surface hydration 
will be validated with other sets of observations (ac-
quired by OVIRS) and compared with estimations giv-
en by other methods such as using the effective single-
particle absorption thickness (ESPAT) calculated with  
single-scattering albedo (SSA) spectra [13] or the nor-
malized optical path length (NOPL) [14]. 
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