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Introduction: With up to 8.55 wt% carbon [1], ureilites are the most carbon-rich meteorites. Graphite is the 

most abundant carbon allotrope, typically located in interstitial sites between silicate grains. Main group ureilites 

have experienced varying degrees of shock processing, altering their texture [e.g., 2]. Understanding the carbon 

mineralogy is crucial for interpretations regarding the processing of the ureilite parent body (UPB) [e.g., 3, 4], the 

debated origin of diamonds [e.g., 5–7], and graphite-based geothermometry [e.g., 8]. 

Methods: Raman spectra were obtained in 14 samples with a IDR-Micro-532 micro-Raman spectrometer. A 

Nd:YAG laser with a wavelength of 532 nm, and a laser power of 1.1 mW on the sample surface was used. An anal-

ysis consisted of a measurement time of 10 s with 5 accumulations. The statistical evaluation included baseline sub-

traction, peak identification, and the extraction of selected parameters (e.g., G band position and FWHM).  

Results: Based on the texture, the investigated samples can be catergorized into coarse-grained and fine-grained 

ureilites. The G band positions of graphite in coarse-grained ureilites cluster in a confined range between  

1580–1583 cm-1, corresponding to crystalline graphite. Shock indicators in olivine [cf. 9] suggest that these coarse-

grained samples have experienced relatively low shock pressures up to 15–20 GPa. In contrast, the Raman signa-

tures obtained in fine-grained ureilties show a large variability and significantly higher G band positions/FWHMs, 

which can be attributed to a high degree of crystallographic disorder. Overall, the G band position and the G band 

FWHM show a nearly linear positive correlation.  

Discussion: A strong correlation between the texture (coarse-grained and fine-grained) and the Raman signature 

of graphite (crystalline graphite and disordered graphite/poorly graphitized carbon) can be observed. This raises the 

question, which underlying process is responsible for the increased crystallographic disorder present in graphite in 

fine-grained ureilites? One key observation is that the carbon phases in fine-grained ureilites often occur in textural 

units, which resemble the shape of graphite grains found in coarse-grained ureilites. This suggests that graphite was 

highly crystalline in the first place, and was subsequently replaced/modified by parent body processing. The result-

ing carbon phases in fine-grained ureilites are considerably more diverse compared to coarse-grained ureilites, 

where graphite is by far the dominant carbon allotrope. Most likely, the underlying mechanism is related to the same 

process, which lead to mosaicism and the visible fragmentation of silicates. In this case, the process should be relat-

ed to post-accretionary shock, induced 

by high velocity impacts. Yet, it is un-

clear whether disordered graphite is a 

direct product of the transformation from 

highly crystalline graphite, or if disor-

dered graphite might also result from the 

back-transformation of diamond.  

Conclusion: The parent body pro-

cessing of ureilties has a significant ef-

fect on the carbon mineralogy. The  

G band parameters of graphite in fine-

grained and coarse-grained ureilites form 

two clusters, which plot on a nearly line-

ar trend reflecting crystallographic order. 

Presumably, the underlying process is 

related to the post-accretionary shock 

processing of the ureilite parent body.  

 

References: [1] Cloutis E. A. et al. (2010) Meteorit. Planet. Sci. 45:1668–1694. [2] Horstmann M. and Bischoff 

A. (2014) Geochemistry 74(2):149–183. [3] Goodrich C. A. (2015) Meteorit. Planet. Sci. 50, 782–809. [4] Storz J. et 

al. (2021) Geochim. Cosmochim. Acta 307:86–104. [5] Bischoff A. et al. (1999) Lunar Planet. Sci. XXX, #1100. [6] 

Miyahara M. et al. (2015) Geochim. Cosmochim. Acta 163:14–26. [7] Nakamuta Y. et al. (2016) J. Mineral. Petrol. 

Sci. 111:252–269. [8] Barbaro A. et al. (2020) Minerals 10(11):1005 [9] Stöffler D. et al. (2018) Meteorit. Planet. 

Sci. 53:5–49.  

Fig.1: Raman spectra (G band parameter) of graphite in ureilites. 
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