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Introduction:  Hayabusa2 observations have found 

various geomorphological features on Ryugu, such as  
high abundance of boulders and depletion in small cra-
ters [1] as well as the presence of a circular circum-
equatorial ridge [2]. Furthermore, evidence for mass 
movement, such as imbricated boulders and run-up reg-
olith, have been found on both sides of the equatorial 
ridge [1]. 

Ryugu has a dark and uniform spectral distribution, 
but spectral slope distribution shows regional differ-
ences: the equatorial ridge and poles have bluer spectra 
while mid-latitude regions have redder spectra [1]. This 
global spectral variation as a function of latitude may be 
due to surface flows from the equator to mid-latitude re-
gions driven by the gravitational potential [1,3]. Ryugu 
might have the stratigraphic architecture of redder sur-
face materials covering bluer subsurface materials. The 
spectral variation has been proposed to be caused by 
surface flow, which removed a reddish top layer and ex-
posed subsurface bluer materials [3]. The direction of 
such surface flow is consistent with the flow direction 
estimated from the geomorphological boulder imbrica-
tion and regolith run-ups [1]. However, the magnitude 
of such surface flows is poorly understood yet.  

In this study, we search the Ryugu surface for pos-
sible surface flow features using spectral slope. Then, 
we quantitatively investigate both degrees and direction 
of surface flows. 

Wake-like structures: Wake-like features have 
been found around many large boulders on the equato-
rial ridge slopes on both north and south sides, suggest-
ing the surface flow occurred on the equatorial ridge. 
Although downstream regions of boulders do not have 
clear and geomorphological flow features, the down-
stream regions have bluer spectra than their surrounding 
surface (Fig. 1). The observation that there is no similar 
spectral variation on the upstream sides of large boul-
ders on Ryugu, strongly suggest that these spectral dis-
tribution may be indicative of surface flow around these 
large boulders. If a boulder is sitting in the middle of 
surface flow from the equator, surface redder materials 
in the downstream region of the boulder would flow 
away to mid-latitude regions, and the boulder prevent 
redder materials in the upstream region cannot from 
flowing into there. Consequently, subsurface bluer 

materials in downstream regions of the boulder would 
be exposed. 

Quantitative analysis:  Multiband images used in 
the analysis were taken by Optical Navigation Camera 
(ONC-T) onboard Hayabusa2 during mid-altitude ob-
servation (August 1, 2018). The spatial resolution was 
~0.5 m/pix and the observation areas are from 50°S to 
40°N. The boulders with flow features were searched 
visually. We measured the length (longitudinal length) 
and width (latitudinal length) of both the flow features. 
We also measured the lengths of flow features on the 
equatorial ridge. The color analysis have been con-
ducted based on the calibration obtained with inflight 
observations of Hayabusa2 [4]. 

Analysis Results:  As a result of the survey, 20 
boulders with wake-like features (i.e., bluer down-
stream regions associated with boulders) were found. 
The boulders have been found in narrow areas between 
30°S and 10°N (Fig. 2). 16 of the boulders with flow 
features were on the southern hemisphere.  

The average width and length of the flow features 
associated with boulders are 22 ± 12 m and 16 ± 10 m, 
respectively. Most of the flow features were shorter and 
narrower than the width of the boulders sitting upstream, 
but these parameters exhibit a good correlation with 
boulder width (Fig. 3). 

Most of the boulder-associated flows are generally 
shorter than the flows from the equator (Fig. 4). The lon-
gitudinal length of the blue band surrounding the equa-
tor, suggestive of continuous flows from the equator to-
ward higher latitudes, was 51 ± 18 m over different lon-
gitudes. However, we found that the length of the boul-
der-associated flow does not have a correlation with 
topographical slope or surface potential. 

Implications for Surface Flows on Ryugu: The 
correlation between the width of boulders and the width 
and length of flows suggests that the boulders prevented 
the surface materials from flowing into higher latitudes, 
because otherwise  the widths of bluer regions are inde-
pendent of the boulder width. 

The lack of strong correlation between the flow 
length and topological slope or surface potential sug-
gests that the topographical slope and the surface poten-
tial where a boulder occurs are irrelevant to the flow 
lengths. 
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One possible reason why the boulder-associated 
flows are shorter than those from equator is that regolith 
surface flows on the sides of boulders merge into a sin-
gle flow. Some of the wake-like features show diagonal 
boundaries, suggesting the flow feature becomes nar-
rower as it goes downstream. Another possible reason is 
that the boulders are dragged by surface regolith flow. 
The buried boulders may move slower than the surface 
regolith because the velocity profile of granular materi-
als become slower with depth [5]. In the case, surface 
regolith on the downstream regions of the boulders 
flowed out based on the relative flow velocity, and sub-
surface bluer materials were exposed. 

These flows may be triggered by a change of the spin 
rate, because the surface potential distribution is modi-
fied [6]. Surface regolith flows similar to those observed 
on Ryugu could take place on any top-shaped asteroids 
that underwent the spin rate change. 

 

 
Fig. 1. V-band and b-x slope image of a boulder with 
wake-like features. Bluer regions (red dashed trapezoid) 
correspond to flow features. The upper side of the im-
ages is the equator side. Yellow and black arrows show 
possible flow directions. 

 

Fig. 2. Position of boulders. Filled or unfilled blue cir-
cles show the boulders with or without wake-like fea-
tures. 

 
Fig. 3. Relations between boulder width and flow length 
and width. Blue lines are y=x.  

 
Fig. 4. Comparison between flow lengths at the equator 
and around boulders. Red and blue circles show flow 
length at the equator and those around boulders. 
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