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 21 
Supplementary Fig. 1. Depth implantation profile of 5 keV electrons into samples of the 22 

Murchison meteorite computed via the Casino program.23 
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 24 

Supplementary Fig. 2. Optical output pulse (14% duty cycle at 5 kHz). 25 
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26 
Supplementary Fig. 3. Interference plot recorded during ice deposition. Integer numbers of 27 

fringes are labeled below signal maxima, and at the deposition stop time, 2.05 fringes had 28 

accumulated. 29 
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 30 

Supplementary Fig. 4. IR spectrum (O−H stretching mode) of the water ice. 31 
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 32 

Supplementary Fig. 5. Timescales of initial shock heating resulting from micrometeorite 33 

impacts for different projectile sizes rg, velocities 0v , and critical shock velocities vc (Method 1).34 
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 35 

Supplementary Fig. 6. Timescales of initial shock heating resulting from micrometeorite 36 

impacts for different projectile sizes rg, velocities 0v , and average temperature of crater Tc 37 

(Method 2). 38 
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 39 

Supplementary Fig. 7. Timescales of initial shock heating resulting from micrometeorite 40 

impacts for different projectile sizes rg and velocities 0v  (Method 3). 41 
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 42 

Supplementary Fig. 8. Timescales for crater thermal dissipation as a function of minimum 43 

temperature assumed for impact crater (rg = projectile size, 0v  = impact velocity, and Tc = 44 

average temperature of crater). These timescales are comparable to the thermal dissipation 45 

timescales using material strength properties of the target material. 46 
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Supplementary Table 1 List of experiments 47 

 Irradiation  
Temperature (K) 

Irradiation  
source 

1 5 Blank 
2 5 Electron 
3 5 Laser 
4 5 Electron + Laser 
5 150 Blank 
6 150 Electron 
7 150 Laser 
8 150 Electron + Laser 
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Supplementary Table 2 Summary of the parameters for the space weathering of the Murchison meteorite. 48 

 e- CO2-laser e- and CO2-laser 
e- CO2-laser 

Initial energy of the electrons (keV) 5  5  
Electron current (µA) 10 ± 1  10 ± 1  
Irradiation time (min) 240a 300 300 300 
Average penetration depth (µm) 0.14 ± 0.02  0.14 ± 0.02  
Dose per atomic mass unit (eV amu−1) 121 ± 24  151 ± 30  
Laser power (W cm−2)  8.0 ± 0.4  8.0 ± 0.4 
Total deposited laser energy  (J m−2)  (1.44 ± 0.16 ) × 109  (1.44 ± 0.16 ) × 109 

aDue to a technical issue, the irradiation time is 60 minutes shorter than other experiments. 49 



12 
 

Supplementary Table 3 Calculated column densities (molecules cm−2) of organics, carbon dioxide (CO2), and water (H2O) from IR 50 

and QMS data. 51 

 Band 
positiona 

Absorption 
coefficientb 

IR QMS 
5 K 150 K TPD after 

irradiation 
at 5 K 

TPD after 
irradiation 
at 150 K 

Before 
irradiation 

After 
irradiation 

Before 
irradiation 

After 
irradiation 

Organics 
(in CH2 
units) 

2955, 
2922, 
2848 

3.8 × 10−18c (1.0 ± 0.2) 
× 1016 

(0.4 ± 0.1) 
× 1015 

(1.0 ± 0.2) 
× 1016 

(0.1 ± 0.0) 
× 1015   

2.0 × 10−19d (1.9 ± 0.4) 
× 1017 

(0.9 ± 0.2) 
× 1017 

(2.0 ± 0.4) 
× 1017 

(0.2 ± 0.1) 
× 1017   

Carbon 
dioxide 
(CO2) 

2341 
1.1 × 10−16d - (2.1 ± 0.4) 

× 1014 - (1.9 ± 0.4) 
× 1014 (1.9 ± 0.4) 

× 1014 
(1.1 ± 0.3) × 

1014 7.6 × 10−17d - (2.8 ± 0.6) 
× 1014 - (2.6 ± 0.6) 

× 1014 
Water 
(H2O) 3380 2.4 × 10−16d - (1.8 ± 0.4) 

× 1015 - (1.5 ± 0.3) 
× 1017 

(2.0 ± 0.4) 
× 1015 

(0.3 ± 0.1) × 
1017 

Notes: 52 
aIn cm−1. 53 
bIn cm molecule−1. 54 
cTaken from Hudson et al., 20141. 55 
dTaken from Bouilloud et al., 20152.56 
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