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Introduction: Low albedo asteroids are associated 

with the carbonaceous chondrites.  They dominate the 
asteroid belt, with the C complex the majority spectral 
class in the middle to outer belt [1].  Recent work sug-
gests low albedo objects outnumber high albedo ob-
jects even in the inner belt [2], consistent with C aster-
oids as the most common spectral complex there as 
well. 

Water/OH as ice or bound into minerals strongly 
absorbs in the 3-µm spectral region.  While water in 
the Earth’s atmosphere makes this spectral region a 
more difficult one to work in than the visible and near-
IR wavelengths commonly used for asteroid observa-
tions, decades of successful observations have been 
obtained [3-6].  These observations have mostly been 
made at the NASA IRTF on Mauna Kea, with the 
SpeX instrument the main workhorse during the 21st 
century [7].  

Previous studies have  [8,9] showed evidence of ice 
on the surface of 24 Themis, interpreted as a thin layer 
on silicate grains.  This is consistent with the observa-
tions of the “activated asteroids” (also called “main 
belt comets”), whose cometary activity can only be 
explained by sublimation of recently-exposed water ice 
[10,11].   Compositional modeling of the spectrum of 
65 Cybele by [12] also found evidence for water ice. 

Recent dynamical modeling [13] suggests that 
many objects now in the asteroid belt may have formed 
in the 4-8 AU region, well into the region where sig-
nificant amounts of ice could be accreted. In light of 
this modeling, and of the findings on Themis and Cy-
bele, we consider the question: How common are icy 
surfaces in the asteroid belt? 

Results: Through the L-band Main-belt/Neo Ob-
serving Program (LMNOP), we have made nearly 150 
observations of over 90 low albedo asteroids since 
2002.  This survey has led to the identification of ice 
on the surface of 24 Themis [8] and the identification 
of brucite and carbonates on the surface of 1 Ceres 
[14,15]. It has also demonstrated the diversity of hy-
drated material in the asteroid belt, with spectral 
shapes ranging from CM-like to Ceres-like, and other 
yet-unidentified materials.  There appear to be at least 
4 plausible spectral classes, including one “anhydrous” 
group, as independently found by others [16].   

One of the prospective asteroid groups is the 
“Themis class”, consistent with the spectrum of 
24 Themis. We will present spectra of 16 additional 
asteroids that show spectral similarities to 24 Themis 
in the 3-µm region, and are similarly interpreted as 
having surfaces containing some ice.  One of these 

objects, 65 Cybele, has been previously identified as 
ice-bearing as noted above [12].  Most of the objects in 
this work are in the outer asteroid belt (a > 3 AU) but 
several are in the mid-belt near 2.7 AU, much closer to 
the Sun than expected. We present evidence that the 
ice is not exogenic.  Near-surface ice apparently exists 
to the present day in objects unrelated to the Themis 
family, suggesting that it is widespread in the asteroid 
belt.  This is also consistent with the Themis family 
forming in the same area as other C-complex asteroids 
rather than being imported from the TNO region.  

We will also present preliminary compositional 
models for these objects and (hopefully!) plausible 
scenarios for maintaining ice at the surfaces of objects 
as warm as mid-belt C-class asteroids. 
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