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Introduction: Chondritic insoluble organic matter converts 

gradually to graphitic matter during thermal metamorphism. Ra-
man spectroscopy is a useful tool to evaluate the structural order-
ing of the matter, and it suggests to what extent thermal meta-
morphism has proceeded. In this investigation, we examined the 
maturity level of the carbonaceous matter in several carbona-
ceous chondrites, together with terrestrial coals (vitrinites) and 
Archean carbonaceous matter. 

Samples:  13 CM chondrites, Ivuna (CI), Allende (CV), Or-
nans (CO), NWA 801 (CR), Tagish Lake, Coolidge were ana-
lyzed. Vitrinites were collected from the Cretaceous Shimanto 
belt, Japan. Archean samples are black cherts from Western Aus-
tralia (3.2 Ga) and South Africa (3.3-3.2 Ga) [1]. The estimated 
peak metamorphic temperature of the Archean samples range 
from 300 to 400 oC. 

Experimental: Raman spectra were obtained using JEOL 
JRS-SYSTEM 2000 Raman spectrometer. An excitation wave-
length of 514.5 nm was used on an argon ion laser. The laser 
beam was focused by a microscope equipped with a X50 objec-
tive, leading to a spot diameter of 2μm. The power at the sample 
surface was 1.0 mW. Curve fitting was carried out using pseudo-
Voigt function, after subtraction of fluorescence background.  

Results and discussion: Raman spectra of the carbonaceous 
matter in the chondrites that suffered thermal metamorphism 
show a distinguishable feature from those of the unheated chon-
drites. The CM chondrites experienced extended thermal meta-
morphism (A 881334, Y 86695, Y 82054, B 7904, Y 86789), Y 
793321 (CM, weakly heated), Coolidge, Allende (CV), and Or-
nans (CO) showed well-developed G- and D-bands even if laser 
power was reduced to 0.1 mW. On the other hand, unheated CM 
chondrites (Y 791198, Cold Bokkeveld, Sayama, Boriskino, 
Murray, Murchison), Tagish Lake, Ivuna (CI), NWA 801 (CR) 
and A 881458 (CM, very weakly heated) showed weak G- and 
D-bands on the slope of a fluorescence background, and reducing 
the laser power to 0.1 mW, the D-bands disappeared. This prop-
erty can be non-destructive tool to distinguish strongly heated 
chondrites from unheated chondrites. The G-band position of the 
chondritic carbonaceous matter shifts up with increasing meta-
morphic grade, and the FWHM-G (Full width at half maximum 
of G-band) decreases as observed in the IDPs [2, 3].  The G-band 
position of the vitrinites shows an almost linear correlation to the 
FWHM-G [1]. Chondritic and Archean data plot off the line de-
scribed by the vitrinites, suggesting a difference in precursor. The 
estimated peak metamorphic temperatures of the strongly heated 
CMs are higher than those of the Archean samples, however, the 
CMs show less matured Raman spectra than those of the Archean 
samples. It may suggest relatively short duration time of the 
metamorphism of the CMs. 
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