
    
      Fig. 3 
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        Vapour composition directly above the magma ocean as a function of temperature (left) and oxygen fugacity (right) for three representative mantle compositions in our sample: the composition for a coreless planet, CORL (top), the Earth-analogue TERRA (center) and the extremely silicon-depleted XTREM (bottom); see Table 2 for the respective compositions.

      

    

  
    
      Fig. 5 
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        Temperature–pressure profiles of all simulated atmospheres. Each subfigure contains all spectra (light grey), with the ones corresponding to the Tirr/ΔIW of the given row and column being highlighted. Color corresponds to composition (Table 2). The black dotted, vertical lines denote the irradiation temperature of the planet. Points A–D refer to a selected set of atmospheres that are shown in more detail in Fig. 6.

      

    

  
    
      Fig. 7 
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        Spectra of all 140 simulations of this study. Each column contains all spectra of equal irradiation temperature, and each row constant composition. In each box, all spectra of constant irradiation temperature are plotted (grey), but only the ones corresponding to the composition indicated in the row are coloured. The colour-coding is made according to their oxygen fugacity (yellow most reducing, brown intermediate, light blue most oxidising). Species responsible for important spectral features are indicated by the pointers, important wavebands by coloured patches.

      

    

  
    
      Fig. 10 
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        Influence of alkali metals (Na, K) on structure and spectrum of mineral atmospheres of an Earth-sized planet. On the left hand side, the difference in the planet-to-star flux ratio between an atmosphere with and without alkali metals is shown. The composition is TERRA (similar to bulk silicate Earth, BSE) with 0.36 wt% Na2O and 0.029 wt% K2O added (McDonough & Sun 1995).

      

    

  
    
      Fig. 11 
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        Planet-to-star flux ratio spectra of atmospheres above a binary MgO-SiO2 melt, with varying mass ratios of MgO/SiO2 (shown in inset). We tested the conditions Tirr = 2500 K for an Earth-sized planet at a) Δ IW−4, b) IW and c) Δ IW+4.

      

    

  
    
      Fig. 12 
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        Φ as function of composition for a binary SiO2-MgO melt (lines, colored by fO2), assuming Tirr = 2500 K, 1 M⊕ and 1 R⊕, compared to Φ for a atmosphere-free, pure black body planet (black dashed line). The Φ of the multicomponent-melts of the archetypes in Table 2 are overlaid (markers). The distribution of SiO2/MgO of hypothetical exoplanet mantles is indicated as histogram (top), with the 16, 50 and 80 percentile shown as grey dotted lines.

      

    

  
    
      Fig. 13 
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        Secondary eclipse depth and atmospheric profiles produced by the planet/melt compositions from Table 2, evaluated with the respective fO2 (Table 3).

      

    

  
    
      Fig. 14 
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        Emission spectra simulated for various existing lava planets, K2-141-b (green), 55-Cnc-e (blue), TOI-431-b (purple) and HD 213885-b (orange), assuming constant composition (TERRA, Table 2) and their corresponding stellar spectra (Zilinskas et al. 2022). Two diagnostic features for fO2 determination are highlighted: MgO at 6 μm and SiO at 9 μm. The contrast between the fluxes of the respective bins are shown on the right, for each planet, respectively, once as the contrast expected from a perfect observation (solid coloured lines) and the respective standard deviations (1σ) for various number of observed transits with MIRI (black, simulated with pandexo Batalha et al. 2017).

      

    

  
    
      Fig. A.1 
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        Vapour pressures and thermodynamics of a silicate melt of BSE composition. Upper: Similar to Fig. 3, but for a melt of BSE composition (including Na2O). The dominance of Na(g) at intermediate redox states (ΔIW-3 to ΔIW+2) is evident, which is consistent with the findings of other studies (Schaefer & Fegley 2004; Miguel et al. 2011; Wolf et al. 2023; van Buchem et al. 2023). Upper center: Concentration of oxides in the silicate melt. FeO concentration deplets under reducing conditions, as Fe is formed. This is evident in Lower center: here, the bulk system composition is shown, highlighting the conversion of FeO to Fe. Lower: Activity of Fe and Fe2O3 in the melt, compared to the far more dominant SiO2 and MgO.

      

    

  
    
      Fig. D.1 
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        Spectra of planets with enhanced TiO2 melt content. The underlying melt composition is assumed to be TERRA, and the TiO2 melt abundance is enhanced according to the main text. The planet under study is Earth-sized and irradiated at 2500 K.
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