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    Introduction: Thermal inertia is key information on 
physical properties, such as grain size and porosity, of 
planetary surface materials. In general, porous materials 
have thermally insulation properties and thus low 
thermal inertia. Thermal infrared imager (TIR) onboard 
Hayabusa2 spacecraft revealed the global averaged 
thermal inertia of 200-400 J m-2 K-1 s-0.5 (hereafter, tiu), 
and globally-distributed porous boulders (30-50%), 
whose porosity is much higher than carbonaceous 
chondrites, globally distributed on Ryugu [1,2,3]. In-
situ radiometric observations by MARA onboard 
MASCOT lander also showed similar high porosity 
signature for a specific boulder [4]. Furthermore, the 
high porosity nature of the surface boulders is also 
suggested on the carbonaceous asteroid (101955) Bennu 
[5]. Such porous boulders on these asteroids would 
reflect low degree of compaction but some degree of 
consolidation in their parent bodies [2], from which the 
surface boulders originated. Planetary formation theory 
predicts dust aggregation in the early solar nebula 
resulting in the fluffy planetesimals [e.g. ref.6]. Thermal 
evolution and compaction (hot pressing) modeling of 
such fluffy planetesimals predicts dense materials in the 
core and porous and consolidated materials near the 
surface [e.g. ref.7]. Therefore, the porosity of rocks 
could be a measure of the primitiveness. 
    In this study, we performed systematic search of the 
very low thermal inertia and extremely high porosity 
boulders on Ryugu using high resolution imaging data 
by TIR during the descent operations. Such high 
porosity boulders are expected to come from the surface 
layer of the parent body, in which the peak temperature 
is comparatively lower and compaction is less effective. 
    Observations: During the rendezvous phase of the 
spacecraft, we carried out several descent operations, 
including MASCOT lander release and touch-down 
rehearsals. During these sequences, TIR acquired 
daytime high-resolution images below 500-m altitude, 
resulting in spatial resolutions better than 45 cm/pixel. 

In order to find the low thermal inertia and thus high 
temperature materials, we investigated the average 
temperatures and their standard deviations for each 
descent sequence and searched for regions where the 
brightness temperature differed by more than 2 standard 
deviations from the average. As expected, the hot 
regions are generally located at solar-directed 
boundaries between the boulders and ground, where 
self-heating by solar reflection and radiation from the 
boulder’s side wall is strong. Moreover, two isolated hot 
spots were found, which cannot be explained by the 
self-heating effect and is attributed to the low thermal 
inertia. 
    Hot spots thermal inertia and porosity: The two 
hot spots, we call these as HS1 and HS2, are located 
near the center of small craters (ID128 and ID69 [8,9], 
respectively). Both hot spots have high temperatures 
compared with the surroundings by 10 K or larger. High 
resolution optical imaging by ONC-T revealed that HS1 
consists of a few boulders with tens of centimeters in 
size. On the other hand, such a high resolution optical 
image could not be acquired for HS2, so that it is 
unknown whether HS2 consist of the boulders or fine-
grained regolith. To estimate the thermal inertia, we 
compared the observed temperature and simulated 
temperature at the observation epoch using the global 
shape model. The resulting thermal inertia values of 
HS1 and HS2 are 60 ± 20 tiu and 54 ± 51 tiu, 
respectively. According to the models of the thermal 
conductivity in term of the porosity (Model 2 of Grott 
et al. [4] and Krause et al. [10]), we estimate the highly 
porous materials with the corresponding porosities of 
76-92% and >71% for HS1 and HS2, respectively. The 
estimated porosity is as high as those of the cometary 
nuclei. 
    Discussions: The appearance of the hot spots only in 
the crater indicates the presence of the highly porous 
material in the subsurface; otherwise, the high porosity 
nature could be created by the cratering process. The 
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other craters, which was imaged by TIR with the high 
resolutions, do not have the central hot spot. 
Furthermore, an artificial impact crater formed by the 
small carry-on impactor (SCI) showed homogeneous 
thermal inertia [11]. The absence of a hot spot in the SCI 
crater also indicates that high porosity nature of the hot 
spots is unlikely to be due to single impact comminution 
and shock-induced cracks. The near-infrared 
spectrometer NIRS3 revealed relatively deeper OH-
related absorption feature at 2.72 μm in the SCI crater 
than the surroundings, interpreted as that the subsurface 
materials have avoided the solar radiative heating when 
Ryugu was in orbit closer to the Sun so that they are less 
dehydrated than the top-surface materials [12]. The 
ID69 crater including HS2 also showed the similar deep 
absorption feature, while the craters without the hot spot 
do not. This NIRS3 observation data indicates the 
craters with the hot spots (at least the ID69 crater) are 
relatively fresher than others.  
    We also investigated the relation between the thermal 
and optical properties of the boulders including the hot 
spots. The data used in this analysis are those acquired 
during the touch-down rehearsal (TD1-T3) on 25 
October 2018. The thermal inertia of individual 
boulders is estimated by the same method as the hot 
spots above. We found positive correlation between the 
thermal inertia and v-band (550 nm in wavelength) 
reflectance (Fig. 1), with the hot spots being the end-
member. This correlation implies the hot spot materials 
are unlikely to be the exogeneous, but likely to be the 
inherent in origin. Approximately 70% of the boulders 
has thermal inertia consistent with the global average 
(200-400 tiu). Furthermore, the gap between the hot 
spots and normal boulders consistent with the Ryugu 
average indicates rapid and selective fragmentation and 
dissipation of the hot spots after the exposure on the 
surface due to their comparatively low mechanical 
strength. The dissipation of the fragmented materials 
might occur by dust levitation processes, whereas a 
small part of the fragments of the hot spots is mixed into 
the regolith, which is supported by the fact that the data 
of regolith (regions with unresolved grains) lie on the 
mixing line between the boulders and the hot spots (Fig. 
1).  
    The highly porous materials, we found in this study, 
are thought to be derived from the uppermost part of a 
partially consolidated layer on a planetesimal. They 
would be the least processed in the parent body without 
a high degree of thermal alteration and compaction. In 
Hayabusa2’s first touch-down and sampling operation, 
dark and red dust particles consistent with HS1 optical 
properties were excavated from the surface or 
subsurface [13]. Such dark dusts could be the fragments 
of highly porous materials like HS1, and they could be 
included in the sample, returned onto the Earth on 
December 2020. The sample analysis will help to reveal 

the nature of planetesimals as a starting point of the 
planetary formation process. 
 

 

Figure 1: Thermal inertia of boulders and regolith in 
terms of the v-band reflectance factor. The red and blue 
elliptic clouds show 95% probability regions assuming 
2D Gaussian distributions, except for the two brightest and 
two darkest (HS1 and HS2) boulders. The red line shows the 
mixing line between the HS1 and boulders, along which the 
regolith data are distributed. 
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