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Introduction: H2O and OH are important volatile 

species in meteorites and on a variety of asteroids, 
where knowing the abundance and distribution of the 
latter provides important information on the history of 
volatiles in solar system formation and evolution. Both 
species are capable of being detected via reflectance 
spectroscopy due to their characteristic vibration ab-
sorptions at near-infrared (NIR) wavelengths. Specifi-
cally, stretching modes of OH and H2O and the first 
overtone of the H2O bending mode give rise to a series 
of absorptions in the ~2.7 – 4 µm wavelength region. 
However, the overlapping nature of these absorptions 
often gives rise to a broad, complex ‘hydration’ feature 
in reflectance data of H2O/OH-bearing materials that is 
commonly referred to as the ‘3 µm feature’.  

Despite these complexities, the shape, strength, 
symmetry, and minima of the broad feature can still be 
used to infer composition of hydrated materials. As an 
example, spectra of carbonaceous (C) chondrite mete-
orites with absorption minima in the 2.7- – 2.8-µm 
region are linked to phyllosilicate composition [1–4] 
with the exact position depending on the octahedral 
cation composition [5]. H2O in expandable clays (e.g., 
smectite) gives rise to additional local minima near 
~2.9 and ~3.1 µm [6]. In contrast, spectra of water ice 
exhibit three broad but distinct features at ~ 3.0-, 3.1, 
and 3.2-µm that may vary depending on the specific 
structure and temperature of the ice [7].  

Takir et al. [4] measured reflectance spectra of CM 
and CI chondrite powders under dry conditions and 
vacuum and have shown three distinct spectral types 
based on the band center and shape of the 3 µm fea-
ture. Their results indicated that the distinct spectral 
shape and band center can be attributed to the aqueous 
alteration environments that these C chondrites experi-
enced on their parent bodies. In a complementary 
study, Hiroi et al. [e.g. 8] systematically surveyed the 
visible and near-infrared (VNIR) spectral properties of 
> 100 C chondrite chips. An inspection of the 3 µm 
absorption feature revealed a range in 3 µm band shape 
(i.e. Figure 1). Among the C chondrites measured, the 
CM meteorites alone show a range in 3 µm band shape 
that is similar to the range reported in Takir et al.[4].  

 

 
Figure 1: RELAB spectra (continuum-removed) of the 3-µm 
absorption feature of CM2 carbonaceous chondrite chips 
from [8]; bold are those selected for this study. 
 

The goals of this study are to: 1) assess the varia-
bility of the 3 µm band shape within individual C 
chondrites to see if they span the range of the meteor-
ites and petrologic types as a whole, with a focus on 
the matrix (which includes alteration phases), and 2) to 
determine the extent to which bulk powder measure-
ments might ‘smear out’ or destroy important infor-
mation about the 3 µm region, or, conversely, if bulk 
powder measurements are truly representative of a C 
chondrite chip. This work will help improve our under-
standing of how to best use lab spectra of C chondrites, 
and the 3 µm region in particular, to understand the 
likely hydration state of rubble pile asteroids that lack 
significant fine-grained regolith. 
 

Methods: The CM2 meteorite chips examined in 
this study include the U.S. Antarctic samples Allan 
Hills (ALH) 84031, ALH 84048, Elephant Moraine 
(EET) 83226, EET 83389, Meteorite Hills (MET) 
00630, and Queen Alexandra Range (QUE) 97077. 
These samples were selected from a suite of >100 
samples previously acquired and measured by T. Hiroi 
at the NASA RELAB facility as part of a project to 
systematically catalog the spectral characteristics of C 
chondrite chips [8] (e.g., Fig. 1). The samples meas-
ured in the current study were prepared by first break-
ing off a small portion (<5 mm) of the original intact 
chip and then polishing part of the surface using 15-
µm diamond grit polishing paper such that a polished 
surface at least 1-mm x 1-mm was produced. Mi-
croscale reflectance spectra were then measured at 
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Brown University using a Bruker LUMOS microscope 
FTIR under ambient conditions and a gold mirror re-
flectance standard. Measurement spot sizes were typi-
cally 125x125-µm using a gridded pattern that covered 
part of the polished surface, resulting in several hun-
dred spectra (Fig. 2). 

To calculate band parameters (e.g., band centers 
and depths, Fig. 3), a spectral continuum was defined 
by applying a convex hull fit across the spectra from 
2.5- to 3.5-µm. These values were spatially correlated 
with the meteorite by plotting each measurement  on 
an image of the polished surface of the meteorite (Fig. 
4). 

 
Figure 2: Continuum-removed reflectance spectra of Mete-
orite Hills (MET) 00630 showing the 3-µm absorption fea-
ture. The solid red line shows the RELAB measurement on 
the bulk powdered meteorite, whereas the dashed dark blue 
line shows all 268 micro-FTIR spectra for the chip. 

 
First Results: The first meteorite our group has 

analyzed is MET 00630. Reflectance spectra were ac-
quired at 268 spots across the polished surface of the 
meteorite. The continuum-removed spectra are plotted 
in Fig. 2 along with the RELAB spectrum measured on 
a bulk powder of the same meteorite. A plot of band 
centers versus band depths, calculated using the con-
tinuum-removed spectra, is shown in Fig. 3. Prelimi-
nary results show band depth values measured with the 
microscope FTIR are commonly a factor 1.5 – 2 times 
deeper than that of the bulk powder spectrum, likely 
due to differences in viewing geometry and degree of 
multiple scattering. The minimum of the OH band was 
consistently found to be between 2.71- to 2.72-µm, 
although several measurements exhibited band centers 
as longward as 2.75-µm. The origin/phases associated 
with these longer bands are currently being investigat-
ed. Data such as presented in Fig. 4 also allows for the 
detection of any zoning and to explore possible effects 
due to terrestrial weathering, inclusions, fractures, po-
rosity, and microscale relief.  Similar data will be pre-
sented for the six meteorites highlighted in Fig. 1, all 
of which exhibit very different features in the 3 µm 
region.  

 
Figure 3: 3-µm absorption band center versus band depth for 
meteorite MET 00630. The majority of band center positions 
fall between 2.71- and 2.72 µm, save for several outliers that 
were found to occur as far as 2.75-µm. 

 

 
Figure 4: Band centers and band depths overlaid on the sur-
face of the meteorite (MET 00630) from where they were 
measured. Band positions vary from 2.710 µm to 2.750 µm. 
The band depths, indicated by variations in circle size, vary 
from 0.15 to 0.45.  

 
Implications: Asteroids Ryugu and Bennu both 

exhibit boulder-rich surfaces that appear rather deplet-
ed of fine-grained regolith [e.g. 9], which further ne-
cessitates the spectral study of intact meteorite chips 
that may be more analogous to the surface of these 
bodies. Preliminary data suggest spectra of hydrated 
matrix in C chondrite chips may exhibit a range in 
band positions and shapes, placing constraints on how 
the 3 µm band shapes of bulk powdered samples 
should be applied to rubble pile asteroids.  
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