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Introduction:  (22) Kalliope is one of the first 
main belt binary asteroids discovered. The presence of 
its 28km-diameter companion, called Linus, was an-
nounced simultaneously by two teams [1] using Adap-
tive Optics (AO) observation at the W. M. Keck II 
telescope in 2001. The characteristics of its mutual 
orbit are well known due to an extensive study con-
ducted by [2]. AO observations from medium (3m) and 
large (8-10m) aperture size ground-based telescopes 
are being collected since 2001. This orbital model al-
lowed a large group of observers [3] to detect mutual 
events between Linus and the primary in March 2007. 
The main outcome of this extensive study [3] is a re-
vised effective diameter for Kalliope (Deff = 166 ± 4 
km) leading to a bulk density of 3.45 ± 0.2 g/cm3. This 
bulk density measurement is 40% larger than the one 
derived based on IRAS radiometric observations [4]. 
[3] showed that at the time of IRAS observations, the 
primary asteroid was seen pole-on, exhibiting a largest 
effective diameter.  

Visible-NIR spectroscopy:  (22) Kalliope was 
classified as an M-type asteroid by [5], corresponding 
to spectrally featureless object with a moderate albedo 
(pv=0.07 to 0.30).  Recent work focusing on this taxo-
nomic classes has shown mineralogical diversities. [6] 
reported the presence of orthopyroxene weak band at 
0.9 µm and ~2.0 µm for various M-type asteroids, in-
cluding (22) Kalliope [7]. [8] identified 3-µm  absorp-
tion feature that is presumably caused by phyllosilicate 
minerals. [9] showed that this absorption band could 
have a radiation origin due to solar wind protons 
trapped in OH groups. This absorption feature is any-
way inconsistent with M-class class being primarily 
Fe-Ni metal.  

 A high SNR spectrum of this asteroid was re-
corded using the SpeX near-infrared spectrograph at 
the NASA Infrared Telescope Facility (IRTF) on 
Muana Kea Hawai’i on May 9 2004. The average 
spectrum shown in Fig. 1 is mostly featureless in con-
tradiction with [7]. The detection of the 0.9 µm band is 
too marginal to be interpreted as due to the presence of 
low-Fe, low-Ca orthopyroxene on the surface of (22) 
Kalliope. This spectrum  is an average of 5 spectro-
scopic observations with an incomplete coverage. The 
interpretation for a featureless spectrum is not well-

constrained but remains consistent with Ni-Fe or ensta-
tite chondrite meteorite analogs.  

Thermal IR spectroscopy: (22) Kalliope was ob-
served between 5 and 38 µm using the InfraRed Spec-
trometer (IRS) on the Spitzer telescope on 20 Nov 
2005 as part of a large survey aiming to observe 27 
class M asteroids [9]. The processed low resolution 
(R=64-128) thermal spectrum of (22) Kalliope dis-
played in Fig. 2, was analyzed using a slightly modi-
fied version of the asteroid Standard Thermal Model 
(STM)[10]. We confirm the approximate size  and the 
medium albedo of (22) Kalliope. We also derived a 
beaming factor (η) of 0.96. The derived beaming fac-
tor is significantly higher than the 'canonical' STM 
value of 0.756, yet below unity, suggesting either 
lower roughness or higher thermal inertia than on large 
MBAs such as Ceres. 

The emissivity spectrum created by dividing the 
measured SED by the best-fit STM displays a broad 
emission plateau centered at ~10 µm and a narrower 
peak at ~6.1 µm. Emission spectra in the thermal infra-
red are well suited to addressing silicate mineralogies. 
This spectral region contains the Si-O stretch and bend 
fundamental molecular vibration bands [16,17]. Initial 
analysis from comparisons with laboratory spectra of 
meteorites and minerals seem to preclude a significant 
abundance of enstatite and instead point toward a phyl-
losilicate-rich surface composition.  

Emissivity spectrum of Kalliope calculated by di-
viding the thermal flux spectrum by the best fit thermal 
model, along with spectra of several meteorites and a 
phyllosilicate (lizardite) from the ASTER spectral li-
brary.  The Kalliope spectrum exhibits a broad emis-
sivity plateau centered near 10 µm and a narrower 
peak at ~6.1 µm.  ALH84007 is an enstatite-rich 
aubrite meteorite.  The Christiansen peak of enstatite is 
at a much shorter wavelength than is observed for the 
Kalliope spectrum.  The Christiansen peak for the or-
dinary chondrite is also slightly shortward compared to 
Kalliope, and the peak at ~12 µm does not appear in 
Kalliope at all.  Ivuna is a CI carbonaceous chondrite 
whose mineralogy is dominated by phyllosilicates.  
Allende is a CV carbonaceous condrite composed pri-
marily of olivine, whose Christiansen feature and re-
strahlen bands are at longer wavelengths than observed 
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for Kalliope.  Lizardite is a phyllosilicate of the ser-
pentine class, and its spectrum shows a Christiansen 
peak at the same wavelength as for Kalliope as well as 
a similar 6.1-µm feature.  The 6.1-µm feature is an H-
O-H bending mode of the bound water in the phyl-
losilicate – consistant with the 3-µm absorption feature 
found by [8]. 

Conclusion: More detailed analysis are underway 
and will be presented in this poster. 
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Fig. 1. Visible and NIR spectrum of (22) Kalliope 

 
Fig 2.  Thermal flux of Kalliope measured with the 

Spitzer space telescope.  The best fit thermal model 
(modified STM [15,10]) is overplotted. 

 
Fig 3. Emissivity spectrum of Kalliope. Compari-

son with several meteorites and a phyllosilicate (lizard-
ite) from the ASTER spectral library. See text for de-
tails. 
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