







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 10 April 2019



                    No detection of methane on Mars from early ExoMars Trace Gas Orbiter observations

                    	Oleg Korablev1, 
	Ann Carine Vandaele2, 
	Franck Montmessin3, 
	Anna A. Fedorova1, 
	Alexander Trokhimovskiy1, 
	François Forget4, 
	Franck Lefèvre3, 
	Frank Daerden2, 
	Ian R. Thomas2, 
	Loïc Trompet2, 
	Justin T. Erwin2, 
	Shohei Aoki2, 
	Séverine Robert2, 
	Lori Neary2, 
	Sébastien Viscardy2, 
	Alexey V. Grigoriev1, 
	Nikolay I. Ignatiev1, 
	Alexey Shakun1, 
	Andrey Patrakeev1, 
	Denis A. Belyaev1, 
	Jean-Loup Bertaux1,3, 
	Kevin S. Olsen3, 
	Lucio Baggio3, 
	Juan Alday5, 
	Yuriy S. Ivanov6, 
	Bojan Ristic2, 
	Jon Mason7, 
	Yannick Willame2, 
	Cédric Depiesse2, 
	Laszlo Hetey2, 
	Sophie Berkenbosch2, 
	Roland Clairquin2, 
	Claudio Queirolo2, 
	Bram Beeckman2, 
	Eddy Neefs2, 
	Manish R. Patel7, 
	Giancarlo Bellucci8, 
	Jose-Juan López-Moreno9, 
	Colin F. Wilson5, 
	Giuseppe Etiope8,10,11, 
	Lev Zelenyi1, 
	Håkan Svedhem12, 
	Jorge L. Vago12 & 
	The ACS and NOMAD Science Teams

Show authors

                    

                    
                        
    Nature

                        volume 568, pages 517–520 (2019)Cite this article
                    

                    
        
            	
                        9963 Accesses

                    
	
                        102 Citations

                    
	
                            452 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Astrobiology
	Atmospheric chemistry
	Inner planets


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Publisher Correction to this article was published on 17 April 2019

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
The detection of methane on Mars has been interpreted as indicating that geochemical or biotic activities could persist on Mars today1. A number of different measurements of methane show evidence of transient, locally elevated methane concentrations and seasonal variations in background methane concentrations2,3,4,5. These measurements, however, are difficult to reconcile with our current understanding of the chemistry and physics of the Martian atmosphere6,7, which—given methane’s lifetime of several centuries—predicts an even, well mixed distribution of methane1,6,8. Here we report highly sensitive measurements of the atmosphere of Mars in an attempt to detect methane, using the ACS and NOMAD instruments onboard the ESA-Roscosmos ExoMars Trace Gas Orbiter from April to August 2018. We did not detect any methane over a range of latitudes in both hemispheres, obtaining an upper limit for methane of about 0.05 parts per billion by volume, which is 10 to 100 times lower than previously reported positive detections2,4. We suggest that reconciliation between the present findings and the background methane concentrations found in the Gale crater4 would require an unknown process that can rapidly remove or sequester methane from the lower atmosphere before it spreads globally.
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                    Fig. 1: Map of ExoMars TGO methane measurements by ACS (stars) and NOMAD (circles) used in this study.[image: ]


Fig. 2: TGO spectra encompassing the spectral range with multiple methane R-branch features.[image: ]


Fig. 3: TGO detection attempts combined with the MSL enriched-mode dataset4.[image: ]
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The datasets generated by the NOMAD and ACS instruments and analysed during the current study will be available in the ESA Planetary Science Archive repository, https://archives.esac.esa.int/psa, after the six months prior access period, following the ESA Rules on Information, Data and Intellectual Property. The data used for the figures are available on request from the corresponding author.
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Extended data figures and tables

Extended Data Fig. 1 A sequence of transmittance spectra measured with the ACS MIR channel.
The spectra are for an example orbit (Lsolar = 180.9°) obtained using the secondary grating position 12 (ref. 17). Different diffraction orders (top axis) are denoted by the changing colour of the transmission curves, and their numbers are indicated on the upper scale. Diffraction orders used in this study are 178 (for CO2), 180 (the CH4 Q-branch), and 182 (the CH4 R-branch). Enhanced extinction on the short wavelength edge of the spectra is due to H2O ice absorption.


Extended Data Fig. 2 Retrieval of trace gases from ACS MIR spectra using Rodger’s regression.
The spectra are for one aerosol-free polar case (upper panels), and for a more cloudy low-latitude case (lower panels). Both occultations were observed before the global dust event. Left-hand-side panels show water vapour profiles retrieved using faint H2O absorption lines separately in diffraction orders 180 and 182. Middle panels show attempts to retrieve CH4 in the same diffraction orders (order 180 gives access to the CH4 Q-branch, and order 182 to the CH4 R-branch). Curves with error bars indicate the regularized profiles (denoted as Tikhonov Qb). The error bars give the 1σ uncertainty on the retrieved parameters. To illustrate the accuracy for the individual spectra, the regularization was also turned off (scatter points). Right-hand-side panels show profiles for the optical depth on the line of sight (red), and of the SNR in the MIR spectra (black). The SNR for each spectrum was calculated over the whole diffraction order, excluding spectral intervals with gaseous features.


Extended Data Fig. 3 Theoretical relation between the instrument SNR and the methane detection limit, and the step-by-step outputs of the CH4 retrieval.
Top panel, the theoretical relation between SNR per pixel and the retrieved 1σ uncertainty on the CH4 line-of-sight density expressed in units of molecules per cm2. At SNR >1,000 per pixel, the associated uncertainty is 1014 molecules per cm2, which would yield an equivalent vmr uncertainty of 0.1 p.p.b.v. of CH4 in the 10-km altitude range where the CO2 density is usually around 1024 molecules per cm2. Bottom panels (from left to right), altitude profiles of SNR per pixel (left), CO2 and the error on the CH4 line-of-sight (LOS) density in units of cm−2 (middle) and the resulting upper limits retrieved for CH4 molecules (right). The displayed observation corresponds to high northern latitudes after the equinox (Lsolar 192°; 13 June 2018). The prevailing clear conditions allowed sounding very close to the surface with high SNR, yielding optimal conditions for the retrieval of CH4. The black, red and blue colours refer respectively to CO2 (in order 178), CH4 (in order 180) and CH4 (in order 182).


Extended Data Fig. 4 A compilation of all the retrieved upper limits from the ACS-MIR dataset covering the period from 21 April to 4 September 2018.
Top, limits from the Q-branch of CH4 absorption; bottom, limits from the R-branch of CH4 absorption. The colour scale denotes Lsolar. Different symbols of similar colour designate individual profiles.
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