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Abstract 

We studied the visible and near-infrared spectral 
behaviour of the Ryugu surface using the G-mode 
multivariate statistical method, aiming to distinguish 
spectral homogeneous groups in order to individuate   
heterogeneities and to constrain the surface 
composition variation.   

1. Introduction 
From late June 2018, the JAXA asteroid sample 
return mission Hayabusa2 acquired a huge quantity 
of resolved images and spectra of the surface of the 
asteroid (162173) Ryugu [1]. Two instruments, the 
optical navigation camera (ONC) and the near-
infrared spectrometer (NIRS3) are devoted to 
investigate the surface composition variations 
mapping the complete surface of Ryugu. The asteroid 
shows a surface rich in geological structures. The 
ONC images revealed a large quantity of 
morphological features, impact craters, and an 
abundance of boulders with the largest one, Otohime 
Saxum, of about 160m [2]. The telescopic camera 
ONC-T obtained spectrophotometric data by imaging 
Ryugu with seven broad band filters spanning from 
0.40 to 0.95 μm at different surface resolutions. 

The near-infrared spectrometer NIRS3 acquired 
reflectance spectra in the wavelength from 1.8 to 3.2 
μm range operating in scanning mode [3]. The 

spectral data show a weak positive spectral slope in 
the first part of the spectra and a clear weak narrow 
absorption band at 2.72 μm, detected across the 
whole observed surface. No meteoritic samples seem 
to have reflectance spectra to match perfectly those 
of the Ryugu’s surface obtained at the same 
wavelengths. The absorption band indicates the 
presence of hydroxyl OH-bearing minerals all over 
the surface, associated to Mg-rich phyllosilicates [3]. 
Possible similarities have been found with the spectra 
of thermally-metamorphosed CI chondrites and 
shocked CM chondrites. 
 
The spectral and spectrophotometric data show 
almost homogeneous surface with small variations. A 
detailed analysis has been conducted to study more in 
depth any possible small surface compositional 
variation and to support the landing and sampling 
sites selection. 

2. Method 
In order to determine and interpret the difference in 
the asteroid surface spectral behaviour, we apply the 
G-mode multivariate statistical analysis [4, 5] to a set 
of pixels containing the information of i) the visible 
ONC spectrophotometry and ii) the NIRS3 spectral 
data. This method allows the user to obtain an 
automatic statistical clustering of a sample containing 
N objects (in this case the pixels) described by M 
variables (the normalized reflectance of each filter 
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for the ONC data and those of a selected set of wave- 
lengths for the NIRS3 data) in terms of homogeneous 
groups without any priori criteria and taking into 
account the instrumental errors in measuring each 
variable. 

We used the normalized reflectance measured in the 
seven band filters with their calibration and errors. 
The data have been co-registered and photometrically 
corrected as described by [2, 6]. For the NIRS3 data, 
we used the spectra (thermally and photometrically 
corrected as described by [3] collected on July 11 
and July 19 which allowed to obtain near-global 
coverage at a spatial resolution of 40m/px and 
20m/px, respectively.  
 

Figure 1: Distribution of several groups obtained by 
multivariate statistical analysis compared to the geological 
map obtained by Sugita et al. (2019). 

3. Results 
The analysis of both ONC and NIRS3 data allows us 
to highlight small spectral variation on the Ryugu 
surface. At 3σ confidence level only two groups are 
evident with both instruments, confirming a very 
homogeneous surface with slightly different small 
areas including about 3% of the analyzed data. 
Decreasing the confidence level, small groups are 
detected showing a clear dichotomy between the East 
and West hemispheres and between North and South 
hemispheres. From the ONC data, which has much 
complete coverage and high spatial resolution, some 
young surfaces are well highlighted in the equatorial 

ridge and particularly in specific areas (Fig. 1). 
Hayabusa2 is still working and more detailed data 
both with ONC and NIRS3 instruments will be 
available.   

4. Conclusions 
Ryugu is a very dark asteroid with very small 
variations in albedo and spectral (visible and near 
infrared) properties. It is very likely that it comes 
from the reaggregation of a fragmented parent body 
with some slightly fresh material on its surface. The 
similarity of the Ryugu’s spectra with those of  
thermally-metamorphosed CI chondrites and shocked 
CM, and the found dichotomy (East-West and North-
South hemispheres) with the small differences on the 
spectra could be associated to some material of the 
parent body less thermally altered. 
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