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Introduction: The OSIRIS-REx spacecraft ob-

serves a large wavelength region from the near to far 
infrared with two point spectrometers, the OSIRIS-
REx Visible and InfraRed Spectrometer (OVIRS) [1] 
and the OSIRIS-REx Thermal Emission Spectrometer 
(OTES) [2]. Globally-averaged spectra of Bennu from 
both instruments have been found to be most con-
sistent with CM-type material [3-4]. However, no 
meteorite spectrum measured to date is an exact 
match to the Bennu spectra across the full wavelength 
region. 

The ~3 micron hydration band on Bennu observed 
by OVIRS has a reflectance minimum at 2.74 µm 
(±0.01) and is most consistent with an Mg-bearing 
phyllosilicate typical of CM chondrites [3, 5-7]. This 
reflectance minimum is not consistent with an Fe-rich 
phyllosilicate, present in CM petrographic subtypes  ³ 
2.5 (scale of [8]), that has a reflectance minimum 
>2.75 µm [5,7]. It is not consistent with CI chon-
drites, which have a minimum near 2.71-2.72 µm 
[e.g., 5, 7]. Therefore, the reflectance minimum at 
2.74 µm is most consistent with a CM subtype £ 2.4. 
The globally-averaged TIR spectrum of Bennu col-
lected by OTES is also consistent with a relatively 
highly-altered CM (£2.4 petrologic subtype) based on 
the location of the Christiansen Feature (CF) and Si-O 
bending minimum [3-4]. However, the globally aver-
aged OTES spectrum (and all individual OTES spec-
tra examined by us to date) lack a discernable Mg-OH 
band near 16 µm [4]. This is particularly puzzling as 
this band, due to OH bending (libration) in Mg-
bearing phyllosilicates [9], is typical of CM chon-
drites and is prominent in relatively highly altered 
(£2.4) CMs [4, 7].   

That Bennu displays a 2.74 µm hydration band, 
CF, and an Si-O bending minimum consistent with a 
CM-type material rich in Mg-bearing phyllosilicate 
but no 16 µm Mg-OH band is surprising. There are 
four possibilities that could explain this discrepancy: 
1) heating or 2) space weathering of CM-type materi-
al, 3) particle size effects that may modify or mask 
the Mg-OH 16 µm or 2.7 µm hydration band, and/or  
4) the presence of a poorly crystalline or disordered 
Mg-bearing phyllosilicate. We are exploring all of 
these possibilities.   

Methods: We have collected infrared (4,000–400 
cm–1; 2.5–25 µm) reflectance spectra of several CM 

and ungrouped C2 carbonaceous chondrites in thin 
section with a Thermo Scientific iN10 FTIR micro-
scope (µFTIR) at a spectral resolution of 4 cm–1 [10]. 
We performed complementary chemical, mineralogi-
cal, and textural analysis of the sample sections using 
backscattered electron (BSE) imagery and energy-
dispersive (EDS) x-ray analysis. 

Results:  Heating of a CM-type material.  We first 
investigated heating of CM-like material to explain 
the absence of the Mg-OH band (as well as broaden-
ing of the Si-O stretching band) [4]. However, our 
previous vacuum heating experiments with Allan 
Hills (ALH) 83100 (CM2.1) show that although the 
Mg-OH band is weakened and the Si-O stretching 
band is broadened with heating, the 2.71 µm OH 
stretching band   grows sharper and more symmetric 
before disappearing by 800°C. This is consistent with 
a previous study of chrysotile dehydration [11] and 
suggests the relatively broad and asymmetric shape of 
Bennu’s 2.74 µm feature is inconsistent with heating. 
In contrast, Ryugu’s relatively weak and sharp 2.72 
µm band is consistent with heating (or shock) of a 
CM- or CI-type material [12].   

Space weathering of a CM-type material.  Similar 
to heating, simulated space weathering (ion irradia-
tion) of hydrous, CM-type material produces broaden-
ing of the Si-O stretching band due to phyllosilicates 
amorphization [13-14]. The ~2.7 OH stretching band 
also moves to longer wavelengths (~40 nm) after ion 
irradiation, although it is unclear if adsorbed water is 
contaminating the pelletized powders and therefore 
the 3-micron region [e.g., 5]. On the other hand, simu-
lated micrometeorite bombardment (laser irradiation) 
on Murchison (CM2.5) found no measurable shift 
with increasing irradiation [15]. We could find no 
published work that discusses the effect of simulated 
space weathering (of any kind) on the Mg-OH libra-
tion band, but Figure 7 of [13] suggests that it is not 
significantly affected by ion irradiation.   

Particle size effects.  Particle size variations influ-
ence reflectance and emission spectra in a variety of 
ways. In the 2.7 µm hydration band area, some previ-
ous work has noted no variation in band depth or 
shape with particle size [16]. However, when compar-
ing the 2.7 µm band of a chip or thin section spectrum 
to that of a powdered particle spectrum of the same 
sample, a solid sample spectrum displays a 2.7 µm 
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band with sharper features positioned at a slightly 
shorter wavelength [17-18] (Fig. 1). Although the 
powered samples were heated to removed terrestrially 
adsorbed water, it is possible that residual water may 
still be influencing the shape of the 2.7 µm band. Re-
gardless, it is intriguing that Bennu’s 2.74 µm band 
minimum resembles the more rounded shape of a 
powdered CM sample with decreased reflectance out 
to 2.86 µm rather than the sharp minimum of a solid 
sample. Particle size effects at OTES wavelengths (> 
6 µm) manifest themselves primarily as changes in 
spectral contrast and the introduction of transparency 
features for the finest grainsizes [e.g., 19]. Previously 
published spectra suggest that in some cases, such 
effects are masking the 16 µm Mg-OH libration band 
and in other cases they are not, although sample het-
erogeneity can be a complicating factor [20-21].  

Poorly crystalline or disordered Mg-bearing phyl-
losilicate. The final possibility is the presence of a 
poorly crystalline or disordered Mg-bearing phyllosil-
icate that results in a modified Mg-OH libration band. 
This disorder could be caused by cation substitution 
or intimate mixing (on the scale of nanometers) of 
phyllosilicate types (e.g., serpentine, saponite, chlo-
rite). This type of highly disordered and intergrown 
phyllosilicate is characteristic of ungrouped C2s such 
as Essebi and Tagish Lake [22-24] and indeed, the 2.7 
µm hydration bands of these samples are a good 
match to the OVIRS Bennu spectrum (Fig. 2). Alt-
hough their TIR spectra are not a match to the OTES 
spectrum of Bennu, their 16 µm absorptions do not 
look like typical CMs and require more investigation.  

Ongoing Work: Our ongoing work includes in-
vestigating co-located spectral and EDS maps of se-
lect CMs and ungrouped C2s Essebi and Tagish Lake 
(Fig. 2) to determine if higher-resolution analysis will 
yield insights into the hydrous phase(s) present on 
Bennu. We will also utilize Gaussian deconvolution 
[18] to deconstruct the 2.7 µm hydration band at both 
bulk and intrasample map (<300x300 µm2) scales. 
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Figure 1. Reflectance spectra of powders compared 
to thin sections. Grey line marks minimum of LAP 
02277 thin section (2.71 µm). Powdered spectra from 
[5-6]. 

 
Figure 2. Bennu global average spectrum from [3] to   
powdered spectra from [6]. Grey lines mark minima 
of the Bennu (2.74 µm) and Tagish Lake (2.72 µm) 
spectra. 
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