
Final draft post-refereeing – Submission to Nature� ��

A possible nitrogen crisis for Archean life due to 
reduced nitrogen fixation by lightning 
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Figure 1.  Variation of the nitric oxide yield as a function of the CO2 mixing ratio 

in simulated lightning in primitive atmospheres composed of CO2-N2 at 1 bar 

under anhydrous (�) and hydrated (�) conditions.  All samples were irradiated 

at 20°C from 5 to 30 minutes.  Immediately after irradiation, an aliquot (2 ml) 

was introduced with an automatic gas sampling loop into a gas chromatograph 

interfaced in parallel with a FTIR-detector and a quadrupole mass 

spectrometer.  Two capillary chromatographic columns were used for the 

separation of lightning products: PoraPlot Q (25 m × 0.32 mm I.D.) and 

Alumina/KCl (50 m × 0.32 mm I.D.).   For comparison the results obtained for 

the simulation of the present Venusian (∆) and Terrestrial (�) lightning are 

presented.  Also shown is the possible production of HCN based on the Zahnle 

mechanism19 for methane mixing ratios (dotted line) needed to offset the 

�
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�

reduced CO2 and keep surface temperature constant at 288.15 K (present 

level) based on Kasting et al.21.  Time proceeds nonlinearly from left to right. 

�

���

�

Figure 2.  Ratio of NO to CO produced in laser discharge as a function of CO2 

concentration (�). Also shown are the predictions (line) of the freeze out 

models for freeze out temperatures between 2000 and 3000 K, the extreme 

range of freeze out models.  
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