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1. Additional Table and Figures 

Table S1. Organic compounds in the precometary organic matter analog and their structural 

formula (Kouchi et al. 2002; Nakano et al. 2002, 2003, 2020; Hirakawa et al. in press). 

Structural formula (1) (2) (3) 

(4) 

 

(5) (6) (7) 

(8) 

 

(9) (10) (11) 

(12) 

 

(13) (14) (15) 

(16) 

 

(17) (18) (19) 

 

  

Compounds Molecular 

weight 

Concentration 

(wt.%) 

(1) Acetamide 59.07 6.6 

(2) Urea 60.06 0.9 

(3) Ethylene glycol 62.07 1.9 

(4) Glycolic acid 76.05 11.8 

(5) Lactamide 89.09 8.8 

(6) Glycerol 92.09 2.3 

(7) Hexamethylenetetramine 140.19 1.1 

(8) Indene 116.16 7.6 

(9) 1,2-Dimethylnaphthalene 156.22 2.6 

(10) 1,4-Diisopropenylbenzene 158.24 3.2 

(11) Cyclohexylphenylketone 188.27 8.1 

(12) 4’-Cyclohexylacetophenone 202.30 7.1 

(13) 4-(1-Adamantyl) phenol 228.34 2.1 

(14) 4,4’-Methylenebis-(2,6-dimethylphenol) 256.35 2.3 

(15) αα’-Bis(4-hydroxyphenyl)-1,4-diisopropenylbenzene 346.46 0.2 

(16) Phenanthrene 178.23 11.1 

(17) Lauric acid 200.32 6.2 

(18) Sebacic acid 202.25 6.3 

(19) Eicosanoic acid 312.54 9.7 



 

 

Figure S1. Schematic image of the experimental setup. Samples were placed in a stainless-steel 

tube (inner volume: 3.0 cm3) sealed with Swagelok tube fitting union (3/8 in.) and 316 stainless-

steel plugs (3/8 in.) under N2 gas, and then heated inside an autoclave.  
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Figure S2. A plot from SEM/EDS analyses of the initial olivine and an olivine after the experiments 

(grain A). EDS plots for a flat surface of a reacted olivine had chemical compositions similar to 

those of typical olivine. Olivine surface with precipitation features had Si-rich and Mg-poor 

compositions as compared with a typical olivine. 

  



 

Figure S3. Chemical compositions of the four different textures in Figure 3. Point 1: Mg, Si, O and 

Fe concentrated area, Point 2: a part of flake like particles, Point 3: another part of flake like 

particles, and Point 4: the surface area of olivine.  
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2. An additional experiment to estimate the amount of generated water and the pH 

To estimate the amount of generated water from organic mixture at 300 °C, a heating 

experiment and the distillation of water were additionally performed following the procedure of 

Nakano et al. (2020). The organic mixture (28.9 g) was heated at 300 °C in an autoclave (OM 

Labotec, MM-100 special type) for 5 h. After cooling to the room temperature by turning off the 

electric power supply, the autoclave was opened, and the product was recovered. The experimental 

product was black sticky liquid, generated water could be solved in the liquid. To separate the 

water from the liquid, the product (2.0 g, Figure S4a) was heated at 100 °C. The water was 

subsequently distillated to the other sample vial. Recovered water through the distillation was 0.05 

g (Figure S4b), thus at least 2.5 wt.% of water was generated from the organic mixture at 300 °C. 

The water could contribute to the alteration of olivine. Based on the amount of recovered water, 

water/rock ratio in this study could be 0.13. The water was pH 8, measured with a pH test paper 

(Johnson, TEST PAPERS Universal pH1-pH14). 

 

Figure S4. (a) the organic product after heating at 300 °C (2.0 g), and (b) organic product with 

separated water.  


