







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Astronomy]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature astronomy

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 04 January 2021



                    Thermally altered subsurface material of asteroid (162173) Ryugu

                    	K. KitazatoÂ 
            ORCID: orcid.org/0000-0002-4809-74921, 
	R. E. Milliken2, 
	T. IwataÂ 
            ORCID: orcid.org/0000-0002-4613-79563,4, 
	M. Abe3,4, 
	M. Ohtake1, 
	S. MatsuuraÂ 
            ORCID: orcid.org/0000-0002-5698-96345, 
	Y. TakagiÂ 
            ORCID: orcid.org/0000-0003-2232-30656, 
	T. Nakamura7, 
	T. Hiroi2, 
	M. MatsuokaÂ 
            ORCID: orcid.org/0000-0003-1091-30413, 
	L. RiuÂ 
            ORCID: orcid.org/0000-0002-0614-430X3, 
	Y. NakauchiÂ 
            ORCID: orcid.org/0000-0002-3745-460X3, 
	K. TsumuraÂ 
            ORCID: orcid.org/0000-0001-7143-65208, 
	T. Arai9, 
	H. Senshu10, 
	N. HirataÂ 
            ORCID: orcid.org/0000-0002-2435-604X1, 
	M. A. BarucciÂ 
            ORCID: orcid.org/0000-0002-1345-089011, 
	R. BrunettoÂ 
            ORCID: orcid.org/0000-0003-3001-936212, 
	C. Pilorget12, 
	F. Poulet12, 
	J.-P. Bibring12, 
	D. L. Domingue13, 
	F. Vilas13, 
	D. Takir14, 
	E. Palomba15, 
	A. Galiano15, 
	D. PernaÂ 
            ORCID: orcid.org/0000-0002-4545-385011,16, 
	T. Osawa17, 
	M. KomatsuÂ 
            ORCID: orcid.org/0000-0003-4659-84184, 
	A. Nakato3, 
	T. Arai10, 
	N. Takato18, 
	T. Matsunaga19, 
	M. ArakawaÂ 
            ORCID: orcid.org/0000-0003-3670-269920, 
	T. Saiki3, 
	K. Wada10, 
	T. KadonoÂ 
            ORCID: orcid.org/0000-0002-5299-556X21, 
	H. ImamuraÂ 
            ORCID: orcid.org/0000-0001-9324-26043, 
	H. YanoÂ 
            ORCID: orcid.org/0000-0002-4125-08023,4, 
	K. Shirai3,20, 
	M. Hayakawa3, 
	C. Okamoto20Â na1, 
	H. Sawada3, 
	K. OgawaÂ 
            ORCID: orcid.org/0000-0002-4856-710820,22, 
	Y. Iijima3Â na2, 
	S. SugitaÂ 
            ORCID: orcid.org/0000-0001-6076-361410,23, 
	R. Honda24, 
	T. MorotaÂ 
            ORCID: orcid.org/0000-0002-0500-459123, 
	S. KamedaÂ 
            ORCID: orcid.org/0000-0001-9084-285825, 
	E. TatsumiÂ 
            ORCID: orcid.org/0000-0002-6142-984223,26, 
	Y. ChoÂ 
            ORCID: orcid.org/0000-0003-2749-220423, 
	K. Yoshioka23, 
	Y. Yokota3,24, 
	N. SakataniÂ 
            ORCID: orcid.org/0000-0003-4791-522725, 
	M. YamadaÂ 
            ORCID: orcid.org/0000-0003-0726-659210, 
	T. Kouyama27, 
	H. Suzuki28, 
	C. Honda1, 
	N. NamikiÂ 
            ORCID: orcid.org/0000-0001-5374-372X4,18, 
	T. Mizuno3,4, 
	K. Matsumoto18, 
	H. Noda18, 
	Y. IshiharaÂ 
            ORCID: orcid.org/0000-0002-0375-630022, 
	R. Yamada1, 
	K. Yamamoto18, 
	F. Yoshida10,21, 
	S. AbeÂ 
            ORCID: orcid.org/0000-0002-6247-497929, 
	A. Higuchi21, 
	Y. YamamotoÂ 
            ORCID: orcid.org/0000-0001-7172-19113,4, 
	T. OkadaÂ 
            ORCID: orcid.org/0000-0001-6381-81073,23, 
	Y. ShimakiÂ 
            ORCID: orcid.org/0000-0001-8966-76503, 
	R. Noguchi3, 
	A. Miura3,4, 
	N. Hirata20, 
	S. TachibanaÂ 
            ORCID: orcid.org/0000-0002-4603-94403,23, 
	H. Yabuta3,30, 
	M. IshiguroÂ 
            ORCID: orcid.org/0000-0002-7332-247931, 
	H. Ikeda3, 
	H. TakeuchiÂ 
            ORCID: orcid.org/0000-0001-5863-46533,4, 
	T. Shimada3, 
	O. MoriÂ 
            ORCID: orcid.org/0000-0001-9441-33563, 
	S. HosodaÂ 
            ORCID: orcid.org/0000-0002-1964-21053, 
	R. TsukizakiÂ 
            ORCID: orcid.org/0000-0002-6265-16723, 
	S. SoldiniÂ 
            ORCID: orcid.org/0000-0003-3121-384532, 
	M. OzakiÂ 
            ORCID: orcid.org/0000-0002-1320-97813,4, 
	F. Terui3, 
	N. OgawaÂ 
            ORCID: orcid.org/0000-0002-7815-77913, 
	Y. Mimasu3, 
	G. Ono33, 
	K. Yoshikawa33, 
	C. Hirose33, 
	A. FujiiÂ 
            ORCID: orcid.org/0000-0003-0488-49693, 
	T. Takahashi34, 
	S. Kikuchi3, 
	Y. TakeiÂ 
            ORCID: orcid.org/0000-0002-3900-15403,33, 
	T. Yamaguchi35, 
	S. NakazawaÂ 
            ORCID: orcid.org/0000-0003-4250-18263, 
	S. Tanaka3,4, 
	M. Yoshikawa3,4, 
	S. WatanabeÂ 
            ORCID: orcid.org/0000-0002-5820-21023,36 & 
	â€¦
	Y. Tsuda3,4Â 

Show authors

                    

                    
                        
    Nature Astronomy

                        volumeÂ 5,Â pages 246â€“250 (2021)Cite this article
                    

                    
        
            	
                        1783 Accesses

                    
	
                        48 Citations

                    
	
                            183 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Asteroids, comets and Kuiper belt
	Planetary science


    


                
    
    

    
    

                
            


        
            Abstract
Analyses of meteorites and theoretical models indicate that some carbonaceous near-Earth asteroids may have been thermally altered due to radiative heating during close approaches to the Sun1,2,3. However, the lack of direct measurements on the subsurface doesnâ€™t allow us to distinguish thermal alteration due to radiative heating from parent-body processes. In April 2019, the Hayabusa2 mission successfully completed an artificial impact experiment on the carbonaceous near-Earth asteroid (162173) Ryugu4,5, which provided an opportunity to investigate exposed subsurface material and test potential effects of radiative heating. Here we report observations of Ryuguâ€™s subsurface material by the Near-Infrared Spectrometer (NIRS3) on the Hayabusa2 spacecraft. Reflectance spectra of excavated material exhibit a hydroxyl (OH) absorption feature that is slightly stronger and peak-shifted compared with that observed for the surface, indicating that space weathering and/or radiative heating have caused subtle spectral changes in the uppermost surface. The strength and shape of the OH feature suggests that the subsurface material experienced heating above 300 Â°C, similar to the surface. In contrast, thermophysical modelling indicates that radiative heating cannot increase the temperature above 200â€‰Â°C at the estimated excavation depth of 1â€‰m, even at the smallest heliocentric distance possible for Ryugu. This supports the hypothesis that primary thermal alteration occurred on Ryuguâ€™s parent body.
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                    Fig. 1: NIRS3 observations of the SCI crater region.[image: ]


Fig. 2: Maximum surface and subsurface temperatures at the SCI crater region.[image: ]


Fig. 3: Ryuguâ€™s surface and subsurface spectra compared with laboratory spectra of heated Ivuna meteorite sample.[image: ]
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                Data availability

              
              The data that support the plots within this paper and other findings of this study are available from the corresponding author upon reasonable request. The raw and calibrated NIRS3 data will be made available through the JAXA Data Archives and Transmission System (DARTS) website (https://darts.isas.jaxa.jp/planet/project/hayabusa2/).
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Extended data

Extended Data Fig. 1 Individual spectra from each site used to derive the average spectra of the SCI crater region.
The spectra are divided by the surface standard spectrum of the day before and vertically shifted for clarity.


Extended Data Fig. 2 NIRS3 spectra of the surface standard.
a, Spectra averaged over regions having the similar surface temperature to the SCI crater region. The details of these spectra are listed in Extended Data Table 2. b, Ratios between the normalized spectra shown in a. The non-flat shape of the ratio-spectra indicates the residual of thermal correction. The spectra are normalized and vertically shifted for clarity. Note that the vertical scale of b is much larger than that of a to show the curvature and uncertainties of the ratio-spectra.


Extended Data Table 1 Details of observations of the SCI crater regionFull size table


Extended Data Table 2 Details of observations of the surface standardFull size table
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