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Introduction:  Hayabusa2, the first sample-return 

mission to a carbonaceous asteroid, arrived at the tar-
get near-Earth asteroid 162173 Ryugu on June 27, 
2018, and has acquired the high-resolution images and 
spectra of Ryugu’s surface [1-3]. The telescopic opti-
cal navigation camera (ONC-T) data show that 
Ryugu’s surface has almost homogeneous reflectance 
and color at the macro scale [3], but there is the re-
gional variation in the spectral slope from b- (0.48 µm) 
to x-band (0.86 µm) [1, 3]. The bluer materials are 
distributed at the equatorial ridge and in the polar re-
gions, while the redder materials are widely spread 
over the mid-latitude regions [3].  

The Hayabusa2 spacecraft touched down on Ryugu 
for the first time on 21 February 2019 and probably 
obtained the first sample from a carbonaceous asteroid. 
In the process of the touchdown operation, Hayabusa2 
had taken extremely high-resolution images of 
Ryugu’s surface and observed its response to the phys-
ical disturbances by the sampling projectile collision 
and thruster gas jets. Using the obtained images, we 
discuss the color distribution and stratigraphy of the 
touchdown site, complex dynamic reactions of surface 
materials on Ryugu triggered by the physical contact 
of the Hayabsua2 spacecraft, and detailed textures and 
structures on pebbles and boulders.  

Spectral observations of the touchdown site:  We 
chose L08-E1 as the first touchdown site based on both 
the established engineering safety criteria and the sci-
entific merits for material sampling [1, 4].  

The touchdown site has slightly bluer spectra than 
the global average, but reddish spots are found within 
the L08-E1 region. These reddish spots tend to be 
darker than bluer areas, and this trend is the same as 
that found globally [1, 3]. The reddish spots are limited 
to a part of surfaces of individual boulders and a large 
part of boulder surfaces is bluer. This observation sug-
gests that Ryugu’s boulders are originally bluer, and 
the exposure of boulders to space has led to their red-
dening by some surface metamorphic processes such 
as space weathering and thermal metamorphism by 
solar heating. The fact that the surfaces of boulders 
remain unreddened means that the timescale of surface 
reddening is currently long compared with that of 

boulder resurfacing by impact disruption and/or ther-
mal fatigue. 

Color and albedo changes observed in the 
touchdown operation:  Immediately after the touch-
down, a large amount of debris was produced by the 
impact of the projectile shot from the sampler system 
and the reaction control system (RCS) thrust, and the 
entire field-of-view of the nadir-viewing wide-angle 
optical navigation camera (ONC-W1) was darkened 
uniformly (Figure 1). The continuous imaging data by 
ONC-W1 indicates that the majority of debris was 
small pebbles and fine grains whose diameters are less 
than the pixel size (1 to a few mm). The observed high 
mobility of regolith during the touchdown indicates 
that the cohesion between pebbles may be very weak. 
This high mobility is consistent with the crater for-
mation by the small carry-on impactor (SCI) in the 
gravity-dominated regime [5, 6].  

A dark ragged boulder nicknamed as “turtle rock” 
became as bright as surrounding brighter boulders im-
mediately after the touchdown (Figure 1), suggesting 
that dark fine grains lifted up by the RCS were origi-
nally present on the surface and inside the pores of 
darker boulders. This process formed a cloud of dark 
fine grains radiating from the touchdown site (Figure 
1). The radiating cloud had a diameter of 6 m at 15 
seconds after the touchdown, and expanded to 1.5 
times that diameter at 35 seconds after the touchdown. 
The speed of the cloud’s expansion is estimated to be 
0.075 m/s. The touchdown site became redder after the 
deposition of the lofted dark fine grains (Figure 2). 
These observations may suggest that the dark fines 
grains were created from the redder materials original-
ly coated on boulder’s surfaces. 

Implications for samples:  The spatial distribution 
of spectral slope within the touchdown site has im-
portant implications for the samples obtained in the 
first touchdown. The large variations in the spectral 
slope and albedo within the L08B-E1 region suggest 
that both bluer and redder components were likely 
sampled. Detailed laboratory analyses of these returned 
components of Ryugu will reveal the nature of miner-
alogical and geochemical characteristics of these com-
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ponents and their spectral manifestations, and ultimate-
ly multiple stages of Ryugu material evolution. 
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Figure 1. ONC-W1 images obtained before and after the touchdown (hyb2_onc_20190221_222851_w1f and 
hyb2_onc_20190221_222945_w1f). 
 

 
Figure 2. Albedo and color changes around the touchdown site after the first touchdown. ONC-T v-band image (A), 
b-x slope image (B), and low-pass filtered b-x slope image (C) before the touchdown 
(hyb2_onc_20181002_204148_tvf). ONC-T v-band image (D), b-x slope image (E), low-pass filtered b-x slope im-
age (F) before the touchdown (hyb2_onc_20190404_205307_tvf).  
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