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Introduction: The spectroscopic study of polycy-

clic aromatic hydrocarbons (PAH) in chondrite meteor-

ites has received a great deal of attention [1, 2, 3] pri-

marily due to the effects of temperature on their spec-

tral properties. The main Raman spectral features of 

PAHs are the disordered and graphitic (D and G) car-

bon bands, which are the representations of vibrational 

modes resulting from edge defects in a graphene/PAH 

structure and C—C bonds within a PAH molecule re-

spectively. The D and G bands occur at ~1350 cm-1 and 

~1575 cm-1 in a Raman spectrum, respectively. The 

exact positions of these bands, as well as the band full-

width half maxima (FWHM), are sensitive to structural 

and compositional changes associated with the thermal 

metamorphism of their host chondritic parent bodies. 

Thus it stands to reason that portions of a chondritic 

parent body’s thermal history can be gleaned from ob-

serving the spectral features of PAHs in collected 

chondrites [4, 5].  

The study of the thermal history of chondritic me-

teorite via Raman spectroscopy in the recent past has 

mainly focused on the spectral characteristics of PAH’s 

in various carbonaceous chondrites, specifically those 

in the petrologic type range of 3.0-3.9. This study ex-

pands upon the range of measured chondrite petrologic 

types to 3-6 encompassing the totality of the undiffer-

entiated petrologic types.  

In this work, we focus on understanding the spec-

tral characteristics of PAH’s in ordinary, rather than 

carbonaceous chondrites. As the majority of collected 

falls with measurable PAH contents, they present an 

opportunity to conduct a comprehensive study of the 

thermal alteration of meteorites. Through observations 

of PAH spectral properties, we will be able to better 

understand the link between spectral parameters, petro-

logic type, and peak metamorphic temperature (PMT) 

experienced by the sample.  

Methods: This study was conducted using a 

WiTEC alpha300R confocal Raman imaging system, 

coupled with a 512 nm Nd:YAG laser. A 50x (NA .80) 

objective was used to view samples. Several spatially 

separated 2-D intensity distribution maps were collect-

ed from each sample. These intensity distribution maps 

were spatially separated by xx mm (or microns?) in 

order to gauge the homogeneity of carbonaceous com-

ponents within a given sample. This was done in order 

to avoid possible bias stemming from heterogeneity 

within the overall population of carbonaceous materials 

in a chondrite sample. These maps were collected using 

laser power of 1.3 mW, image areas of 50x50 µm and 

an integration time of 0.1 s in order to minimize the 

occurrence of sample damage by heating. In order to 

gain an accurate understanding of the bulk spectral 

features of the carbonaceous component of the sampled 

chondrites, several hundred spectra associated with 

pixels of high intensity for the D and G bands were 

extracted from the maps. These raw spectra were then 

fit using the 2-Lorentzian band fitting method in order 

to extract useful spectral parameters (peak position, 

FWHM, and band intensity). The spectral parameters 

of fit spectra with R2 < 0.9 were not used. Collected 

spectral parameters from these pixels were then aver-

aged to yield a bulk value for a given sample. 

 Samples: We analyzed ordinary chondrites sam-

ples that encompass the known lithological types (H, L, 

and LL) and have petrologic types with a range of 

3.15-6. We sampled the following meteorites: GRO 

95658 (LL3.3), ALH 78119 (LL3.5), DAV 92302 

(LL3.6), QUE 93050 (LL4), ALH 78109 (LL5), ALH 

84081 (LL6), ALH 85070 (L3.6), ALH 85033 (L4), 

ALH 81017 (L5), ALH 85017 (L6), WSG 95300 

(H3.3), ALH 77299 (H3.7), ALH 77221 (H4) ALH 

77012 (H5), and ALH 77288 (H6). 

Results: Coupling the average FWHMD values of 

each chondrite with various thermal models [4, 5], al-

lows one to extract the estimated peak metamorphic 

temperature (PMT) for a given sample. The prelimi-

nary results of which are demonstrated in Figure 1. 

 
Figure 1. PMT vs. Petrologic Type; Estimated 

temperature bounds collected from [6, 7, 8, 9, 10, 11, 

12] included. 

Discussion: A close inspection of the spectral 

shapes of carbonaceous materials in ordinary chondrite 

samples reveals heterogeneity on a spatial scale of tens 

of microns. Spectra collected largely fall into two 

groups shown in Figure 2. 
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Figure 2. Fit spectra collected from chondrite sam-

ples superimposed over their respective raw spectra; 

these spectra represent carbonaceous materials of dis-

tinct structure, referred to as type 1 and 2. 

Separating spectra based on structural differences made 

evident by distinct line-shapes yields the following 

corrected plot shown in Figure 3. 

 
Figure 3. PMT vs. Petrologic Type; structurally 

distinct spectra from individual chondrites were aver-

aged and plotted separately; Estimated temperature 

bounds included. 

Figure 3 demonstrates that structure 2 materials 

record increasing peak metamorphic temperatures with 

increasing petrologic type. Structure 2 values also fit 

the target estimated temperature field well. This is in 

sharp contrast to the behavior of structure 1 materials 

which seem to remain unchanged across all petrologic 

types. A cursory explanation of contradictory behavior 

of the distinct materials is that structure 2 materials 

experienced the main heating metamorphic heating 

period. Structure 1 materials did not, meaning that they 

formed or accreted to the host rock post alteration. It is 

also possible that these materials may be due to terres-

trial contamination. Future efforts will focus on under-

standing the origin of Structure 1 materials. 

The hypothesis that structurally distinct carbona-

ceous materials represent different alteration events is 

furthered by understanding the nature of the structural 

differences. Plotting PMT vs. ID/IG, as seen in Figure 4, 

it becomes evident that distinct structural changes are 

occurring to each type of material as it is progressively 

heated. ID/IG is the ratio of the intensities of the D and 

G Raman bands and can be considered as a structural 

index with low values signifying a graphite-like struc-

ture and high values indicating a more diamond-like 

structure. The data represented in Figure 4 demonstrate 

that as structure 1 materials become progressively 

heated, they become more graphitic. This is in contrast 

to structure 2 materials that become more diamond-like 

with increasing metamorphic temperature. This again 

suggests that the two materials did not alter during the 

same heating period, and implies the addition or re-

laxation of another condition, such as pressure, to ac-

count for different structural behaviors yielded from 

thermal alteration.  

 
Figure 4. Peak Metamorphic Temperature vs. 

ID/IG; trend lines indicating structural changes with 

increasing metamorphic temperature included. 
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