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Introduction:  Observations by the Telescopic 
Optical Navigation Camera (ONC-T) onboard the 
Hayabusa2 spacecraft revealed that the Cb-type aster-
oid 162173 Ryugu is covered by numerous boulders. 
These boulders may be fragments of cratering or dis-
ruption of its parent body [1]. The variation in visible 
color of the boulders [2] could reflect the thermal and 
chemical condition of the parent body. Thus, it is im-
portant to  closely examine and categorize the color of 
the boulders. 

Observations: These multi-band observations by 
ONC-T/Hayabusa2 were conducted at altitude of ~20 
km on 3 July and at altitude of ~5 km on 20 July us-
ing 7 color filters (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), corresponding to a resolution of ~2 m/pix and 
~0.6 m/pix, respectively. 

Calibrations: The calibrations were conducted 
from both preflight and inflight observations [3-5]. 
Due to the problem in the previous flat-fields, we 
used the updated flat-fields described in [6]. 

The largest boulder “Otohime”: Otohime sits at 
the south pole, and its size is ~140 m (Fig. 1). Oto-
hime is a unique boulder, showing both sharp cliff-
like and moderately sloped faces. Otohime displays 
distinctive color features as well. The visible color of 
Otohime changes from face to face. Figure 1 shows 
the Otohime’s color variation especially in spectral 
slope. The cliff-like faces have bluer spectra and the 
moderately slope faces display relatively redder spec-
tra, similar to Ryugu’s average spectrum (Fig. 2). The 
cliff-like sharp faces could have formed by a recent 
impact or a landslide, thereby showing relatively 
fresher surfaces. Thus, the color of material on Ryugu 
may become redder with exposure to the space envi-
ronment, as expected with space weathering effects. 
Another cause for this color difference could be grain 
size variations. The moderate slope faces could be 
covered by finer-grained regolith, causing a redder 
spectral slope [7]. 

Colors of large boulders >40 m: Next, we ana-
lyzed the relatively large boulders (>40 m) resolved 
by the lower resolution images. Figure 3 shows the 
color slope distribution of boulders in the ul-v and v-p 
color space. We measured the spectra in several im-

ages to see the effect of illumination conditions, alt-
hough the phase angle did not change. The spectral 
properties of Otohime’s cliff-like, blue face is distinct 
from the color properties of other large boulders 
across Ryugu’s surface.  

Color variations in small boulders: We exam-
ined color variations in small boulders using the high-

Fig. 1. The Otohime boulder on the south pole. I/F 
images (left) and spectral slope images (right). 
Otohime boulder is indicated by arrows. Spectrally 
blue regions are shown in blue color in spectral 
slope images. 

Fig. 2 Visible spectra of Otohime boulder in differ-
ent faces (the spectra are normalized to R=1 at 
0.55 µm). The regions of interest (ROIs) are shown 
in Fig. 1. The cliff-like face (ROI1) shows a blue 
spectrum. 
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er resolution observations acquired at ~5 km altitude, 
Figure 4 compares the normalized color spectrum of 
the small boulders with the Ryugu’s average spec-
trum, showing the variation in the reflectance upturn 
at the ul(0.40 µm)-band. The boulders indicated with 
white arrows show less upturn in ul-band. This ul-
upturn appears to be independent of the spectral slope. 
Suggesting that there may be at least two different 
processes that have or are modifying the surface; one 
that affects the spectral slope and another that affects 
the ul-band upturn. 

Discussions: We found visible color variations for 
boulders on Ryugu. Prominent variations are found in 
the spectral slope and ul-upturn. If the spectral slope 
variations are induced by space weathering, then pos-
sible counterparts in the meteoritic samples can be 
discussed. Figure 5 shows laser irradiation experi-
ments, simulating micrometeorite bombardments, for 
dehydrated CI and CM chondrites [8,9,10]. Although 
many dark carbonaceous chondrites are known to 
have a bluing response [11], these meteorites redden 
in response to irradiation. This is commensurate with 
our spectral observations of fresh versus older boulder 
faces. The ul-upturn may correspond to the degree of 
aqueous alteration [12] or/and the presence of carbon 
contents [13].  

Fig. 3 Laser irradiation experiments on dehydrat-
ed CM (Dhofar 225) and CI (Y-82162) chondrites. 

Acknowledgement: This study is supported by 
JSPS core-to-core program “International Network of 
Planetary Sciences” and JSPS KAKENHI (18H01264). 

References: [1] Michikami, T., et al. (2018) DPS 
meeting #50, id.411.01. [2] Sugita, S., et al. (2019) 
Science, submitted. [3] Kameda, S., et al. (2017) SSR, 
208, 17-31. [4] Suzuki, H., et al. (2018) Icarus, 300, 
341-359. [5] Tatsumi, E., et al. (2019) Icarus, submit-
ted, arxiv.org/abs/1810.11065. [6] Tatsumi, E., et 
al.(2019) 50th LPSC, #1745. [7] Cloutis, E. A. et al.
(2011) Icarus, 216, 309-346. [8] RELAB Database.
[9] Ivanova, M. A., et al. (2010) MAPS, 45, 1108-
1123. [10] Nakamura, T., et al. (2005) JMPS, 100, 
260-272.[11] Lantz, C., et al. (2017) Icarus, 285, 43-
57. [12] Hiroi, T., et al. (1996) MAPS, 31, 321-327.
[13] Hendrix, A., et al. (2016) MAPS, 51,105-115.

Fig. 4. Spectral slope and ul-index maps for higher 
resolutions images taken at altitude of ~6 km (top). 
Several boulders with less ul-upturn are shown by 
white arrows. Four examples of boulder spectra 
are shown in the bottom panel; two have less ul-
upturn (●). 

Fig.  3 The color distribution of boulders >40 m. 
Boulders are numbered in descending order. Some 
parts of Otohime show similar spectra to other 
boulders.  
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