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Introduction: Carbonaceous chondritic meteorites 

are some of the most primitive materials in our solar 

system. They did not experience melting or other pro-

cesses on their parent bodies (e.g. asteroids and com-

ets) during their initial formation, and thus, they pre-

serve information of physical and chemical mecha-

nisms in the solar nebula, which can unveil evidence 

about the origin of the planets and their components. 

However, most carbonaceous chondrites are exposed 

to secondary processes on their parent bodies, such as 

thermal metamorphism and aqueous alteration, modi-

fying the primary properties of the carbonaceous chon-

dritic constituents. Hence, it is important to analyze the 

modifications they have experienced induced by these 

secondary processes.  

In this work, we study the thermal metamorphism 

of different carbonaceous chondrites (Allende, Bali, 

Moss, Murray and Nogoyá) examining their carbon 

composition in different locations of these samples by 

Raman spectroscopy [1-4]. We analyze the Raman 

spectra of carbon allotropes to obtain specific parame-

ters that we use for thermal metamorphism mathemati-

cal models [5-6]. In addition, we correlate the Raman 

results with those acquired using SEM/EDS (Scanning 

Electron Microscopy/Energy Dispersive X-ray Spec-

troscopy) [2-4]. 

Samples, Experimental Methods and Data Anal-

ysis: Five carbonaceous chondritic fragments were 

studied: Allende (CV3, 5.19 g, fell in Pueblito de Al-

lende, Mexico, in 1969), Bali (CV3, 0.0662 g, fell in 

Nana-Mambere, Central Africa Republic, in 1907), 

Moss (CO3.6, 1.283 g, fell in Ostfold, Sweden, in 

2006), Murray (CM2, 3.366 g, fell in Kentucky, USA, 

in 1950), and Nogoyá (CM2, 0.0578 g, fell in Nogoyá, 

Argentina in 1879). No sample preparation was re-

quired for none of the experimental techniques em-

ployed and all the samples were studied using similar 

experimental conditions. 

The topographical features of the samples were first 

analyzed using optical microscopy. Low- and high-

resolution Raman spectroscopy measurements were 

carried out to study their structural and mineralogical 

composition. These measurements were performed at 

room temperature using a custom-built micro-Raman 

spectroscopy system with a 532-nm excitation source, 

a laser spot of ~3 µm and power of ~5 mW on the 

sample. Raman spectra were taken from numerous 

spots of selected inclusions and surrounding matrix 

using a 1-s integration time and different number of 

accumulations (from 5 to 100) to obtain higher signal-

to-noise ratios. The spectrum peak parameters, such as 

the center position  and full width half-maximum 

(FWHM) , were analyzed fitting Gaussian and Lo-

rentzian functions using commercial software packages 

to identify the materials found in the samples. In addi-

tion, the peak parameters of the main Raman bands of 

graphitic and amorphous carbon (D- and G-bands) for 

those spectra with high Raman signal-to-noise ratios 

were used to analyze their thermal metamorphism. In 

particular, the D-band FWHM D was used to apply 

two mathematical models (quadratic [5] and linear [6]) 

to determine their peak metamorphic temperature 

(PMT). Finally, the morphological structure and ele-

mental composition of the samples were performed 

and analyzed by a SEM/EDS system (JEOL JSM 

6510LV, Thermo-Noran) using secondary-electron 

(SE) and backscattered-electron (BSE) detections, and 

the data analysis software equipped with the system. 

Results and Discussion: Figure 1 shows two rep-

resentative Raman spectra of graphitic carbon and 

amorphous carbon, with the characteristic D- and G-

bands, obtained from Moss and Nogoyá, respectively, 

that have been used to analyze the thermal metamor-

phic process of these samples. Figure 2 shows a photo-

graph of the Nogoyá fragment, SEM (SE and BSE) 

images and an EDS map of the carbon structure asso-

ciated with the Raman spectrum shown in Figure 1b.  

 

 

Figure 1. Representative Raman spectra of (a) gra-

phitic carbon found in Moss; and (b) amorphous car-

bon obtained from Nogoyá. 
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Figure 2. Nogoyá fragment: (a) Photograph of the 

sample showing the selected regions (inclusion and 

matrix) marked with yellow circles. (b) SE-SEM im-

age of region 8 at 140X, (c) BSE-SEM image of region 

8 spot 1 at 1800X, and (d) EDS map image of region 8 

spot 1 at 1800X showing a carbon structure associated 

with the Raman spectrum in Fig. 1b. 

 

Table 1 shows the main parameters obtained from 

the Raman D- and G-bands of the carbon spots found 

in the samples and their PMT values calculated with 

two mathematical models using the D-band FWHM D 

[5-6].  

 

 

Table 1. Main Raman peak parameters of D- and 

G-bands (D, G, D and G) of the carbon structures 

found in Allende, Bali, Moss, Murray and Nogoyá, and 

their PMT values using two mathematical models: 

quadratic [5] and linear [6]. 

 

The PMT values obtained for Allende, even though 

some of them do not fall within other values given in 

the literature considering the petrologic type [e.g. 7] or 

using the same mathematical models [5-6], are compa-

rable to them. In the case of Murray, the PMT values 

obtained in this work for both models are higher than 

those ones reported in the literature [5-6]. This can be 

due to the relatively low Raman signal-to-noise ratios 

that in general has been observed for this sample [e.g. 

6], which may result in different peak parameter values 

obtained in other works. For Nogoyá, only the quadrat-

ic model is reported here and is in good agreement 

with those ones reported in another work using the 

same model [8]. Due to the amorphous nature of the 

carbon found, which gives broad D values, the linear 

model resulted in a non-reliable PMT value. For Moss, 

the obtained values are comparable with the range giv-

en considering its petrologic type [7]. For Bali and 

Moss, to the best of the authors’ knowledge, PMTs 

values have not been reported using Raman-based 

mathematical models, and thus, the present work adds 

to the research that has been conducted on thermal 

metamorphism of carbonaceous chondritic meteorites 

using Raman spectroscopy.       

Finally, for both models, the PMT values obtained 

in this work indicated that Allende had relatively high 

degree of graphitization and its parent body experi-

enced relatively more thermal metamorphism, while 

Nogoyá had the lowest degree of graphitization and its 

parent body was the least thermal altered. 
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