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Introduction: Among the various taxonomic 

classes of asteroids, the B-class is characterized by a 
negative spectral slope (reflectance decreasing toward 
longer wavelengths) over the ~0.5 to >1.1 µm region 
[1]. The composition of B asteroids is not fully con-
strained, as a number of spectral matches have been 
suggested [1]. Here we examine the petrologic, miner-
alogic, and spectroscopic properties of blue-sloped 
carbonaceous chondrites (CCs) that have been included 
in a series of papers discussing carbonaceous chon-
drites [2-8]. Our goal is to determine what types of CCs 
exhibit blue-sloped spectra and what properties of CCs 
can result in blue-sloped spectra.  

Methodology:  A wide variety of CCs have been 
spectrally characterized at both the RELAB facility at 
Brown University and the PSF facility at the University 
of Winnipeg. CC samples included a wide variety of 
types and grain sizes.  

CI chondrites: CI spectra are uniformly dark 
(<10% reflectance) and can range from red- to blue-
sloped [2]. Blue-sloped spectra are generally correlated 
with lower reflectance and larger average grain sizes. It 
should be noted that slopes can range from red to blue 
for a single CI (e.g., Ivuna, Fig. 1). How increasing 
grain size can lead to a bluer slope is evident for 
Orgueil (Fig. 2). The spectral variability within a single 
CI is likely related to petrologic heterogeneities that 
are present at the one to few gram scale [9]. The spec-
tral variability with grain size (smaller grain size = 
brighter and redder spectra) may result from the 
breakup and dispersal of brighter larger clasts (e.g., 
chondrules or coarse-grained opaque-free phyllosilicate 
enclaves) in finer-size powders [11]. In the vast major-
ity of cases, resolvable, but weak (<5% deep) absorp-
tion bands are also present in the 0.6-1.2 µm region [2]. 

CM chondrites: Most CM spectra are neutral to 
red-sloped [3], although some show modest blue slopes 
(Fig. 3). Blue-sloped CM spectra can be produced by 
enriching the abundance of matrix (Fig. 3), or increas-
ing grain size, and removing the finest fraction for any 
one CM (Fig. 4). It should be noted however that blue-
sloped CM spectra are seen for fine-grained powders 
as well as chips. CM spectra are also characterized by 

nearly ubiquitous absorption bands near 0.7, 0.9, and 
1.1 µm, that are all associated with Fe-phyllosilicates, 
which are abundant in CMs.  

CR chondrites: CR spectra are uniformly neutral 
to red-sloped, although some show a broad absorption 
feature in the 1.3 µm region [4]. CRs silicates are low-
Fe, and consequently would have weak absorption 
bands; their spectra are strongly affected by terrestrial 
weathering (Fe oxyhydroxides). The available spectral 
suite is insufficient to determine whether increasing 
grain size would cause bluer spectral slopes.  

ATCC chondrites: Aqueously-altered and (subse-
quently) thermally metamorphosed CCs (here termed 
ATCCs) allow us to examine the effects of both aque-
ous alteration and thermal metamorphism on CCs [5]. 
All ATCCs exhibit an absorption feature in the ~0.8-
1.3 µm region suggesting that heating levels are insuf-
ficient to erase or hide mafic silicate absorption fea-
tures; these features are generally weakest in samples 
heated to ~600-800°C. ATCC spectral slopes range 
from blue to red. Bluer spectral slopes are somewhat 
positively correlated with increasing thermal metamor-
phism in both naturally- and laboratory-heated CC 
spectra, and with increasing grain size.  

CO, CV and CK chondrites:  CO, CV, and CK 
spectra are characterized by red- to blue-sloped spectra 
[6,7,8]; chips/slabs or powders with the finest fraction 
removed are the most blue-sloped. However, increas-
ing blue slope is at least partially due to an absorption 
band, likely spinel, in the 2 µm region for CO and CV, 
and perhaps CK spectra. All these classes exhibit a 
ubiquitous 1 µm region absorption band due to Fe-
bearing amorphous phases and/or olivine.  

Discussion:  One nearly ubiquitous feature of CC 
spectra is the presence of an absorption feature in the 1 
µm region that can be ascribed to Fe2+-bearing mafic 
silicates, both hydrous and anhydrous, Fe-bearing 
amorphous phases, and magnetite. A number also ex-
hibit an absorption feature in the 2 µm region. CC 
spectra can show slope differences even within a single 
meteorite, likely due to gram-scale heterogeneities [9]. 
Increasing blue slope is most commonly associated 
with increasing matrix content, increasing grain size 
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with removal of the finest fraction [10], and modest 
heating. A blue, spectrally featureless slope likely re-
quires that silicates are either of low Fe content, amor-
phous/poorly crystalline, a slab, or of a larger grain 
size with removal of the finest fraction. We have also 
found that some types of opaques, particularly fine-
grained magnetite and graphite can cause bluing of 
spectral slopes and reduction in silicate absorption 
band depths [2, 3]. 

Developing more robust linkages between B aster-
oids and CCs will require high resolution and high pre-
cision observational data to identify possible weak ab-
sorption bands in B-class asteroid spectra that can be 
related to the presence of specific mafic silicates and 
oxides. The absence of absorption features in these 
asteroids can also be used to constrain possible compo-
sitions, suggesting that these asteroids may contain 
greater abundances of opaques than available CCs. 
Further research is also required to determine how 
various types of space weathering can affect the spec-
tral properties of CCs. 
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Fig. 1. Two spectra of Ivuna (CI1) for identical grain 
sizes showing spectral variations within a single CC. 

 
Fig. 2. Reflectance spectra of the Orgueil CI1 chon-
drite showing spectral changes accompanying varia-
tions in grain size and removal of the finest fraction. 
 

 
Fig. 3. Reflectance spectra of 100-200 µm powders of 
the Mighei CM2 chondrite: bulk, with olivine enrich-
ment, and matrix enrichment. 
 

 
Fig. 4. Reflectance spectra of different size fractions of 
the Mighei CM2 chondrite showing reflectance and 
slope changes that can accompany grain size varia-
tions. 
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