
Bright spots on Ryugu observed by ONC-T.  C. Sugimoto1, E. Tatsumi2,1, S. Sugita1, L. Riu3, T. Nakamura4, T. 
Morota1, M. Matsuoka3, K. Kitazato5, ONC team, NIRS3 team, 1Dept. Earth and Planetary Science, Univ. of Tokyo, 
7-3-1 Hongo, Bunkyo, Tokyo, Japan (chiosgmt@eps.s.u-tokyo.ac.jp), 2Instituto de Astrofísica de Canarias, La La-
guna, Spain., 3JAXA/ISAS, 4Tohoku University,  5University of Aizu 

 
 
Introduction:  Global observations of the near-

Earth asteroid Ryugu with the telescopic Optical Navi-
gation Camera (ONC-T) onboard Hayabusa2 revealed 
that the color of Ryugu surface is very uniform and 
extremely dark (4.5% of albedo, one of the most dark-
est material in the Solar System [1]). Thus, anomalous 
materials deviated from the average color on Ryugu 
are expected to stand out as bright spots. In fact, Haya-
busa2’s initial observations have revealed the presence 
of bright spots (Fig.1) [1]. Because of their small size, 
however, no spectral characterizations have been con-
ducted.  

After the global observations, higher resolution im-
ages were taken during the low-altitude observations, 
such as MINERVAII and MASCOT deployments, the 
touch down rehearsals, and the touch down operations. 
These observations revealed the abundance of bright 
spots in smaller scale (Fig.2). In this study, we define 
objects with peak reflectance ≧ 1.5 times more than 
the global average reflectance of Ryugu as bright spots 
and investigate their spectral properties.  

Spectral classification: Using the 7 color band fil-
ters (ul: 0.40 µm, b: 0.48 µm, v: 0.55 µm, Na: 0.59 µm, 
w: 0.70 µm, x: 0.86 µm, p: 0.95 µm), we evaluated the 
visible spectra of surface of Ryugu. Note that objects 
smaller than the diameter of 2 pix cannot be evaluated 
because of the point spread function (FWHM~1.7 pix 
[2]). We extracted the visible spectra of bright spots 
observed during hovering operation after MASCOT 
deployment at ~3 km of the altitude (~0.3 m/pix). The 
spatial distribution of 21 bright spots (M1 - M21) is 
shown in Fig.3.  

Data processing, such as removal of stray light, bi-
as, and read-out smear, flat fielding and I/F conversion 
have been conducted based on the calibration method 
described by [3]. Note that we employed the updated 
flat fileds based on the close encounter images of the 
asteroid, which is reported by [4]. The spectra of bright 
spots were photometrically corrected to incidence, 
emission, phase angles of (i,e,α)=(30°,0°,30°) in the 
same way as [1]. 

The spectra of these bright spots are classified into 
two groups depending on the absorption near 1 µm, 
indicative of mafic minerals. Six out of 21 bright spots 
have relatively strong 1-µm absorption (S-type bright 
spots) and others are featureless at around 1 µm (C- or 
X-type bright spots) as shown in Fig. 4. 

S-type bright spots:  The six S-type bright spots 
range from ~0.5 to ~2 m in diameter. Absorption band 
around 2 µm, which is covered by NIRS3 [5], is useful 
for characterizing anhydrous silicates. However, be-
cause the footprint of NIRS3 is much larger than that 
of ONC-T, measuring the spectra of small bright spots 
are much more challenging. Nevertheless, the spectra 
of largest bright spots (~2 m in diameter) can be meas-
ured with NIRS3, indicating rather shallow absorption 
of this bright spot. This observation result implies that 
these bright spots are similar to S-type asteroids or 
ordinary chondrites. 

Because Ryugu spectra are uniformly Cb-spectra 
[1], such S-type spectra are difficult to come from the 
same parent body. Thus, these materials should be ex-
ogenic. Ryugu is most likely from inner asteroid main 
belt through the ν6 resonance [6]. Exogenous origin of 
S-type bright spots is consistent with the abundance of 
S-type asteroids in inner main belt. There are two hy-
potheses for mixing of S-type materials: 1) They are 
emplaced on the Ryugu surface as a result of low-
velocity collision of small S-type asteroids. Such soft 
landing without major impact comminution of projec-
tiles would require ~0.2 km/s of impact velocity. 2) 
They were mixed during the catastrophic disruption of 
Ryugu’s parent body caused by a large S-type asteroid. 
Considering the collisional velocity in the inner main 
belt [7], soft landing of several exogenous material is 
less possible compared with the probability of cata-
strophic disruption of Ryugu by a larger impactor. This 
suggests that mixing during catastrophic disruption is 
more likely. 

C- or X-type bright spots: C- or X-type bright 
spots show featureless spectra. Compared with the 
spectra of boulders on the Ryugu, however, they have 
greater variety of spectral slope and absorption in ul-
traviolet (UV) wavelengths. Although these bright 
spots are much brighter than the average of Ryugu, the 
similarity of spectral shape, suggests that the bright 
spots are possibly intrinsic materials.  

Because carbonaceous chondrites are known to 
change its color by heat-induced devolatilization [8,9], 
the observed color variation of C-type bright spots may 
reflect differences in thermal metamorphism. Thus, we 
compared spectra between bright spots and heated 
chondrites. For example, heating experiments on CM 
chondrites suggests that UV absorption strength con-
tinues to decrease until 700 or 800 ℃ and then in-
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creases again thereafter with flattering (bluing) of 
spectral slope [8]. C-type bright spots with bluer spec-
tral slope have a trend that bluer ones have stronger ul 
absorption. This trend is similar to the spectral change 
seen in heating experiments with CM chondrite above 
700 – 800 ℃. These similarity in color variation be-
tween C-type bright spots and CM chondrite heating 
experiments suggests that the C-type bright spots may 
have experienced partial dehydration to degrees differ-
ent from the average Ryugu materials.  

 
 

 

 
Fig. 1. S-type bright spots images obtained during 
high-resolution observations. Scale bars are 5 m. M13 
and M7 is first and second largest bright spots with S-
complex spectra.  
 
 

 
Fig. 2. Bright spots observed during touch-down re-
hearsal operation on 15th Oct. 2018 at 241 m of the 
altitude. Scale bar is 5 m.    
 

 
Fig. 3. Location map of bright spots. Note that the ap-
parent concentration of bright spots in the equatorial 
region is due to the fact that high-resolution observa-
tions are highly concentrated near the equator.  

 

 
Fig. 4. V-band-normalized reflectance spectra of two 
types of bright spots. (a) An S-type bright spot with 
strong 1 µm absorption. (b) A C-type bright spot with 
spectra similar to Ryugu surface average. Thin grey 
line indicates the average of Ryugu surface. 
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