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Introduction:   Olivine is one of common minerals 

in chondrites such as CV, CO, and ordinary chondrites. 

Some of these chondrites with low petrologic type con-

tain small amount of phyllosilicates. Although olivine 

is known to transfer to phyllosilicates during aqueous 

alteration in CI, CM, and CR chondrite parent bodies 

[1], CV, CO, and ordinary chondrites likely derive 

from much drier environments than these aqueously 

altered chondrites.  

Nakano et al. [2] conducted heating experiments of 

molecular cloud organic matter analog, which was a 

mixture of various organic compounds (Table 1) pre-

pared by the method of Kouchi et al. [3], and found 

that organic matter could produce H2O under thermal 

conditions around 300°C. This study showed that or-

ganic matter could be a source of water in dry condi-

tions, and aqueous alteration of silicates may be possi-

ble in parent bodies without water ice. In the present 

study, we researched the alteration of olivine induced 

by organic matter simulating thermal processes in par-

ent bodies of weakly heated chondrites.  

 

 

Method:   We prepared olivine powder (0.25 g, 

San Carlos, <50 µm) with molecular cloud organic 

matter analog (1.25 g, Table 1) following the method 

of previous studies [2, 3]. The sample was put in a 

Swagelok tube fitting, then the tube was sealed under a 

N2 atmosphere. The sample tube was heated at 300°C 

in an autoclave for 10 days. After cooling to room 

temperature, the heated sample was rinsed with hexane 

(2 mL), methanol (2 mL), and water (2 mL). Alteration 

of olivine was characterized by X-ray diffraction 

(XRD), scanning electron microscope (SEM) equipped 

with energy dispersive X-ray spectroscopy (EDS), and 

transmission electron microscope (TEM) equipped 

with EDS. Ultra-thin sections (<100 nm) of the olivine 

sample were prepared using focused ion beam (FIB) 

for TEM observations.  

Result:   XRD.  The XRD patterns showed that the 

bulk structure of olivine did not change significantly 

after the heating experiments with the organic mixture 

(Figure 1). However, a weak pattern of Mg-carbonate 

was detected.  

 

 

 

 

 

 

 

 

 

 

 

 

 

SEM-EDS.  The surface of olivine grains showed 

etch pits after the heating experiment (Figure 2), these 

structures were not observed on the olivine grains be-

fore the heating experiments. Aggregates of insoluble 

organic matter were also found on the surface of oli-

vine after the experiments. Chemical composition of 

olivine had a 1:2 M ratio of Si:Mg+Fe, but the experi-

mental product shifted to Mg-poor compositions (Fig-

ure 3).  

 

 

 

 

 

 

 

 

 

 

 

Compounds 
Concentration 

[wt.%] 

Acetamide 6.6 

Urea 0.9 

Ethylene glycol 1.9 

Glycolic acid 11.8 

Lactamide 8.8 

Glycerol 2.3 
Hexamethylenetetramine 1.1 

Indene 7.6 

1,2-Dimethylnaphthalene 2.6 

1,4-Diisopropenylbenzene 3.2 

Cyclohexyl phenyl ketone 8.1 

4’-Cyclohexylacetophenone 7.1 
4-(1-Adamantyl) phenol 2.1 

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

αα’-Bis(4-hydroxyphenyl)-1,4-

diisopropenylbenzene 
0.2 

Phenanthrene 11.1 

Lauric acid 6.2 
Sebacic acid 6.3 

Eicosanoic acid 9.7 

Figure 1. XRD patterns of olivine before (lower) and 

after (upper) the experiments. Newly appeared peaks 

with arrows are Mg-carbonate. 

Figure 2. a) An SEM image of altered olivine grain. b) Mi-

crostructure of the olivine grain. 

Table 1. Molecular cloud organic matter analog.  
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TEM-EDS.  Phyllosilicate-like fringes were ob-

served in the FIB sections of olivine surface after the 

experiments (Figure 4). These fringes were easily 

damaged by electron beam during TEM observation.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion:   Notches and pits, which were con-

firmed with SEM (Figure 2) on the surface of olivine 

after the experiments, were the preferential dissolution 

features at the first step of serpentinization [4]. Serpen-

tinization typically demands water, however we did 

not add water in the starting material. Water could be 

generated through organic reactions, such as dehydra-

tion condensation of carboxyl and alcohols by 300°C. 

Olivine dissolution proceeds by the breaking of Mg-O 

bonds, liberating the SiO4
4- anions directly into solu-

tion [5], which was also confirmed using SEM-EDS 

(Figure 3). Detection of phyllosilicate-like structures 

indicates the proceeding of serpentinization at the sur-

face area of olivine, although XRD pattern did not 

show serpentine. Reaction progress of serpentinization 

would depend on reaction time, temperature and grain 

size [5]. In this study, 300°C and <50 µm grain size 

could have higher reaction rates than at lower/higher 

temperature and larger grain size, but the reaction time 

would have been too short to reach completion of ser-

pentinization [6]. Thus, the phyllosilicate-like struc-

tures could be in the process of transformation from 

amorphous to crystalline.  

Mg-carbonate was also detected by XRD analysis, 

which could be induced by dissolved CO2 in generated 

water. When the starting organic mixture was heated at 

300°C, a decarboxylation of carboxylic acids could be 

promoted by olivine [7]. The most thermodynamically 

stable solids in the MgO-SiO2-H2O-CO2 system were 

illustrated by Oelkers [5] as a function of temperature 

and the partial pressure of CO2 in the closed system 

(pCO2). In the absence of CO2, forsterite is favored to 

react to form serpentine and brucite. At pCO2 > 1 bars 

at 300°C, forsterite is favored to convert to serpentine 

and magnesite in accord with: 

 

Mg2SiO4 + CO2 + 2H2O = Mg3Si2O5(OH)4 + MgCO3 

(Forsterite)           (water)     (Serpentine)    (magnesite) 

 

or convert to talc and magnesite at higher pCO2 in ac-

cord with:  

 

4Mg2SiO4+5CO2+2H2O = Mg3Si4O10(OH)2+5MgCO3 

(Forsterite)           (water)           (Talc)       (magnesite) 

 

    These results indicate the possibility of the for-

mation of secondary minerals with organic matter in 

dry conditions such as meteorite parent bodies accreted 

inside the snow line. Our study further implies a possi-

bility of the formation of hydrous minerals, such as 

serpentine, in weakly-heated CV, CO, and ordinary 

chondrites through the dehydration of organic matter.  
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Figure 3. Ternary diagram of Si-Mg-Fe from olivine 

grains before and after the experiment obtained by SEM-

EDS.  

Figure 4. High-resolution TEM image of  the olivine after 

the experiment. Phyllosilicate-like structures were ob-
served at the surface of olivine. 
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