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Introduction: Graphitization of carbon is an irre-

versible process which alters the structure of graphitic 

materials in response to the increase in metamorphic 

grade (temperature and/or pressure). Carbonaceous 

materials offer a reliable geothermometer as their Ra-

man spectra change systematically with increasing 

metamorphic grade [1-3]. In this study, we identified 

carbonaceous materials in the xenolithic clasts in 

Sharps and interpreted their metamorphic history by 

revealing the structural organization (order) of the pol-

yaromatic organic phases using μ-Raman spectroscopy. 

Analytical methods: We analyzed the xenolithic 

clasts in Sharps (hereafter, Sharps) using a Jobin-Yvon 

Horiba LabRam HR (800 mm) μ-Raman spectrometer 

at the Department of Geosciences, Virginia Tech. The 

peaks were determined by simultaneous peak fitting to 

five Lorentzian profiles (one G and four D bands) and 

linear baseline correction accomplished using a custom 

software written in the Python programming language.  

Results and Discussion:   

Metamorphic grade. Our initial visual examination 

of the overall shape of the Raman spectra indicates that 

Sharps has been metamorphosed up to greenschist 

grade at around 330 °C. With increasing metamorphic 

grade, the intensity of the D1 band decreases relative to 

the G band, while the full width at half-maximum of 

the D and G bands (D1FWHM and GFWHM) also decrease 

[4, 5]. The high relative D1 intensity and the broad G 

(GFWHM ~62 cm-1) and D1 (D1FWHM ~148 cm-1) bands 

of Sharps indicate that the meteorite has only experi-

enced low metamorphic temperature. The presence of 

the D3 band in the first-order region and the two broad 

S1 and S2 bands in the second-order region (2700 cm-1 

and 2900 cm-1) attest that Sharps was not heated above 

400 °C. 

We have also obtained the peak intensities ID and 

IG, integrated intensities (AD, AG), D1/G peak intensity 

ratio (ID1/IDG, i.e. peak height) (R1 ratio), and AD1/ 

(AG + AD1 + AD2) peak area ratio (R2 ratio). General-

ly, the R1 ratio of meteorites is ≥1 and increases with 

maturation grade [3, 6]. In this regard, CO3 Kainsaz 

offers a good dividing line because it exhibits an inter-

mediate maturation, and its R1 ratio and DFWHM are 

~1.1 and ~120 cm-1, respectively [3]. The R1 ratio and 

D1FWHM of Sharps are 1.23 and 124.08 cm-1. In order 

to make comparison to the literature, we have also es-

timated the R1 ratio and D1FWHM using a 2 Lorentzian 

bands model, which gave 0.95 and 166.99 cm-1 for R1 

ratio and DFWHM, and indicates that Sharps exhibits a 

lower metamorphic grade than Kainsaz. The R1 ratio 

of Sharps is comparable to the values (1.3–2.1) ob-

tained for low metamorphic grade metasediments in the 

chlorite zone [1]. The R2 ratio of Sharps is around 0.7. 

We used the equation from Beyssac et al. [1] which 

describes a linear correlation between R2 ratio and 

peak temperature, and obtained a peak metamorphic 

temperature of 330 °C for Sharps. 

 
Figure 1. Peak decomposition of the first-order region of 

Sharps. (): Background-corrected data. Black solid line: 

Peak-fitting result. 

Organic composition. While the G band corre-

sponds to stretching in both carbon rings and chains, 

the D band is caused by the breathing modes in rings 

and thus corresponds to aromatic structures [7, 8]. The 

μ-Raman spectra of the Sharps clast show a significant 

D band contribution, which indicates the presence of 

aromatic carbonaceous materials. 

Conclusion: μ-Raman spectroscopy reveals that the 

xenolithic clasts in Sharps have been exposed to low 

metamorphic grade with peak temperature at 330 °C. 

The organic content of the clasts is composed of pre-

dominantly aromatic carbonaceous materials. 
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