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Introduction:  Knowledge of hydrated minerals 

among asteroids is important for understandings of 
solar system formation, evolutionary processes, and 
thermal history. Hydrated minerals are formed in envi-
ronments where anhydrous rock and liquid water exist 
together with a certain pressure and temperature, re-
sulting from aqueous alteration. Because hydrated min-
erals are stable even above the sublimation temperature 
of water ice, they become an important reservoir to 
trace the water present in the history of the solar system. 
Hydrated minerals exhibit diagnostic absorption fea-
tures in the near-infrared wavelength at around 2.7 µm 
(e.g., [1]); however, not many studies have been done 
to compare asteroids with meteorites in this wavelength. 
Many spectroscopic surveys of asteroids have been 
conducted in near-infrared wavelengths using ground-
based telescopes (e.g., [2]), which are severely affected 
by atmospheric absorption especially in 2.5-2.85 µm. 
Besides, spectral measurements of meteorites in the 
laboratories are severely suffered from contamination 
of atmospheric water that is absorbed in and rehydrated 
to samples under ambient terrestrial conditions.  

Recently this situation has been drastically im-
proved by (a) the infrared astronomical satellite 
AKARI covered spectroscopically in 2.5-5 µm [3], (b) 
in-situ measurements of asteroids with the spacecrafts 
Hayabusa2 [4] and OSIRIS-REx [5], and (c) the heat-
ing experiments in the laboratory to remove effects of 
adsorbed/rehydrated water [6-7]. Here we provide a 
comparative study of spectral characteristics of aster-
oids and meteorites in the 2.7-µm band.  

 
Data Set:  Figure 1 shows examples of the ob-

tained spectra in this work; C-complex asteroids ob-
served with the AKARI satellite [3], the in-situ meas-
urements of asteroid 162173 Ryugu with Hayabusa2 
[4] and 101955 Bennu with OSIRIS-REx [5]; the re-
sults of the heating experiments of the Murchison me-
teorite in the laboratory [6-7].  

 
Results and Discussion:  As seen in figure 1, the 

peak wavelengths of significant absorption features are 
concentrated at around 2.75 µm. In particular, C-
complex asteroids observed with AKARI have a trend 
between the peak wavelength and the band depth [3]. 
Figure 2 shows this trend for 17 C-complex asteroids. 

Except for four outliers, there is a clear correlation 
between the peak wavelength and the band depth 
among 13 C-complex asteroids. The characteristics of 
Ryugu and Bennu can also be interpreted in the context 
of this trend found by the AKARI observations. This 
can be understood in terms of the process where hy-
drated minerals are being heated up and gradually los-
ing water, that is, the dehydration process. Based on 
the laboratory experiments, it is reported that a peak-
wavelength in the 2.7 µm band of hydrated minerals 
shifts toward shorter wavelength because of the dehy-
dration process [6-7]. The band depth indicates an 
abundance of phyllosilicate which means an amount of 
water, and the peak wavelength indicates the Mg/Fe 
ratio in phyllosilicate. During the dehydration process 
by heating, the amount of water decreases and the 
Mg/Fe ratio of phyllosilicate simultaneously increases. 
The heating energy of the dehydration could be sup-
plied by solar wind plasma, mutual collisions of aster-
oids, or decay heat from radioactive isotopes in the 
rocks. Interestingly, the size range of the dehydration 
process in figure 2 has three orders of magnitude (from 
1000 km to < 1 km). This dehydration process can be 
considered as a universal phenomenon among C-
complex asteroids, although there is no clear correla-
tion found between band depths and the sizes of aster-
oids or the heliocentric distances. 

 
Nowadays, telescopic observations and spacecraft 

explorations are complementary to each other. Ground-
based and space-borne telescopes obtain a large num-
ber of data for studying a wide range of compositional 
distribution of asteroids. In-situ spacecraft observations 
provide detailed physical, chemical, and geological 
information of targeted asteroids. In addition, sample 
analyses and experiments in laboratories determine 
mineralogical characteristics of asteroidal materials. 
This is one of the first attempts for full-scale interdisci-
plinary research in the study of C-complex asteroids. 
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Figure 1: Reflectance spectra normalized at 2.6 µm 
of (red) C-complex asteroids observed with AKARI 
[3],  (blue) in-situ measurements of asteroid 162173 
Ryugu with Hayabusa2 [4] and 101955 Bennu with 
OSIRIS-REx [5], and (orange) the Murchison mete-
orite heated in the laboratory (unheated, 300, 400, 
and 500°C heated) [6-7]. The gray dashed line indi-
cates the position of 2.75 µm. 

 
 
Figure 2: The relationship between the band 
depths at 2.7 µm against the peak wavelength for 
the obtained spectra in this work. The red dots 
denote C-complex asteroids observed with AKARI 
[3]; the different marks show differences of sub-
groups in the types of C-complex based on the 
Bus-DeMeo taxonomy [8]. The solid gray line 
indicates the fitted linear line of the correlation 
coefficient of 0.88. The thin red dots denote the 
asteroid treated as outliers for fitting (details are 
given in [3]). The blue filled circle and open circle 
denote Ryugu [4] and Bennu [5] observed with 
Hayabusa2 and OSIRIS-REx, respectively. The 
orange dots denote the Murchison meteorite heated 
in the laboratory [6-7], as unheated, 300, 400, and 
500°C heated samples, connected by arrows in this 
order. The trend of data points located from top 
right to bottom left indicated by the gray line can 
be understood in terms of the dehydration process. 
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