
    
      Fig. 1 
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a: spherically shocked Chelyabinsk meteorite sample. The arrow outlines the direction of increasing shock. The roman numbers distinguish the four different shock zones. b: XMT snapshot showing apparent lack of large metal and troilite grains (seen in bright colors) in the central zone IV. c: set-up of the iSALE numerical model of the spherical shock-recovery experiment (Φ – porosity). d and e: comparison of the experiment result (d, zoomed upper-right quadrant of a) to the iSALE modeling results of the spherical shock experiment (e) with the shock stage intervals from Stoffler et al. (2018, 2019). The green areas in (e) outline the location of the shock-darkened zones II and IV, together with their pressure boundaries calculated from the inward shock wave peak shock pressures from our iSALE model. The blue-dashed and full lines correspond to inward and outward shock wave pressures from Kozlov et al. (2015). The corresponding lower zone IV boundary from the Kozlov et al. (2015) model is ~90 GPa as indicated by a green line.


    

  
    
      Fig. 2 
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SEM-BSE images of the four zones together with their Chelyabinsk meteorite lithology equivalents. The inset in zone IV shows a detail of olivine skeletal structure and the metal and troilite redistribution into fine eutectic micro- and nanoparticles (bright blebs), causing the observed optical darkening. The yellow box in the impact melt lithology shows an area with needle olivine crystals in quenched melt, similar to those observed by Kaeter et al. (2018). QM, Ol, Opx, and Tr stand for quenched melt, olivine, orthopyroxene, and troilite, respectively.


    

  
    
      Fig. 3 
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XRD patterns of zone I–IV powdered samples.


    

  
    Table 1 

EMPA and Raman analysis of olivine and orthopyroxene of the four shocked zones.



	Zone
	I
	II
	III
	IV





	EMPA (ol and opx)
				


	




	Fa average
	30.2
	29.7
	30.0
	18.6



	Fa median
	30.1
	29.5
	30.0
	17.2



	s.d.
	0.6
	0.9
	0.4
	2.1



	no.
	20
	17
	26
	18



	




	Fs average
	25.2
	24.7
	25.1
	N/A



	Fs median
	25.2
	24.5
	24.9
	N/A



	s.d.
	0.4
	0.6
	0.6
	N/A



	no.
	16
	10
	11
	N/A



	




	Raman (ol)
				


	




	B1 position average
	819.6
	818.7
	819.4
	819.8



	s.d.
	0.5
	0.3
	0.9
	0.4



	B1 FWHM average
	15.9
	16.8
	15.6
	14.2



	s.d.
	0.8
	1.7
	1.8
	0.9



	B2 position average
	850.1
	849.1
	850.2
	851.2



	s.d.
	0.2
	0.5
	0.4
	1.2



	B2 FWHM average
	20.2
	21.0
	18.6
	17.2



	s.d.
	0.5
	2.0
	0.9
	1.4



	no.
	5
	3
	3
	3



	Fa average (from B1)
	33.8
	41.3
	35.4
	31.9



	s.d.
	4.7
	3.2
	8.4
	3.8



	Fa average (from B2)
	24.4
	31.3
	23.8
	18.8



	s.d.
	1.0
	2.8
	2.0
	5.8






Notes. We note that ol, opx, s.d., and no. stand for olivine, orthopyroxene, the standard deviation, and the number of analyzed grains, respectively.





  
    
      Fig. 5 
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Comparison of the MIR bidirectional (DLR) reflectance of the four zones measured on a saw-cut surface (top) and powder (bottom). CF, RB, and TF stand for the Christiansen feature, reststrahlen bands, and the transparency feature, respectively.


    

  
    
      Fig. A.1 
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Microscope snapshots of the four shocked zones. General overview (top, left) in cross-polarized light with labeled zones. Zone I (top, right) in cross-polarized light. Ol - m is an olivine grain in extinction position showing mosaicism, SV indicates an opaque shock vein. Zone II (middle, left) is in reflected light. Tr with an arrow indicates darker troilite melt veins intruding silicates. Zone III (middle, right) is in cross-polarized light. Remnants of silicate grains are surrounded by silicate melt, SV indicates an opaque shock vein. Zone IV is in cross-polarized (bottom, left) and reflected (bottom, right) light. New needle-sized olivine crystals with sharp extinction and eutectic metal and troilite grains (Eut) are visible.


    

  
    
      Fig. A.2 
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XRD pattern of zone III powdered sample with diffraction patterns of olivine (forsterite), orthopyroxene (enstatite), and plagioclase (albite).


    

  
    
      Fig. A.3 
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Detail of zone IV with skeletal olivine crystals and apparent metal and troilite redistribution into fine eutectic micro and nanoparticles (bright blebs) causing the observed optical darkening. The profile across the olivine crystal shows the distribution of Fe and Mg. Yellow marks the profile line. Blue and red correspond to the amount given in detector counts for Fe and Mg, respectively.


    

  
    
      Fig. A.5 
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Normalized UV-VIS-NIR (top, normalized to unity at 0.55 μm) and MIR (bottom, normalized to unity at 4 μm) bidirectional (DLR) reflectance of the four zones from the rough saw-cut sample surface.
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