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In the 1980s, unusual meteorites were discovered in Antarctica that have CM- or CI-affinities but that also seem 

to have experienced a high-temperature event, leading to the partial to total dehydration of the samples (see review 
in [1]). Today these meteorite are often refered to as “heated-CMs” or “heated-CIs”. Some CR chondrites seem also 
to have experienced high temperatures [2]. The nature of the thermal event and its relation to a possible impact-
metamorphism has and is being discussed [3-4]. 

Shock metamorphism is a well known phenomena in the case of ordinary chondrites and selected achondrites [5-
6]. Even though melt pockets and shock melt veins are absent in carbonaceous chondrites, many (if not all) are rego-
lith breccias [7], and chondrule flattening suggests that impacts were also a significant parent body process for these 
meteorite groups [3-4]. In this regard, it is significant that, based on features in their reflectance spectra, most C-
types asteroids suspected of having experienced high-temperature events [9].  

We have conducted a survey of the structure of the organics compounds in heated CM chondrites, as well as an 
analysis of their mineralogy. In the case of the organics compounds, Raman spectroscopy was performed on both 
matrix separates as well as on extracted Insoluble Organic Matter (IOM). We also characterize the mineralogy of the 
same samples with a combination of thermogravimetric analysis and XANES spectroscopy. In addition, in order to 
provide further information on the mineralogy and to make connections with astronomical observations of small 
bodies, we also performed infrared spectroscopy in reflectance and transmission. 

Finally, shock-recovery experiments were performed on samples of Murchison meteorite (CM) that were ob-
tained through a loan from the Museum of Natural History (Chicago). The sample was powdered and pressed to 
obtain 1 cm in diameter and 1 mm thick pellets. Pellets were then incorporated into a steel container and shocked to 
pressure of approximately 5, 10, 20 and 40 GPa at the Tokyo Institute of Technology. The shock-recovered samples 
were analyzed and compared to heated-CM observations. 

From the FTIR spectra of the IOM, the CH2/CH3 ratios were derived following [9]. This analysis reveals that the 
heated CI-CMs have higher CH2/CH3 ratios than the unheated one, which is consistent with their lower H/C values 
compared to normal CM chondrites [10-11]. The Raman data for the heated CI-CMs fall into two groups. The first 
group, which includes most of the heated samples (12 samples), has high FWHM for the D-band and low ID/IG ratio 
when compared to unheated CM chondrites.. The second less populous group has a low FWHM of the D-band and a 
high ID/IG ratio when compared to unheated CM chondrite, and includes PCA 02012, PCA 91008, Y 86720, Acfer 
094, and clast SM18 from Sutter’s Mill.  

Based on TGA analysis and infrared spectroscopy, the second group seems to have experienced more extensive 
dehydration, than samples from the first group. Among the two clasts of Sutter’s Mill, infrared spectroscopy re-
vealed that clast SM51 has a stronger olivine feature at 11.2 µm than clast SM18. The clast SM51 belongs to the 
first group, while clast SM18 belongs to the second group. In the case of Y 86720, the sample is classified as a class 
IV heated CM, the most heavily heated class [1]. 

When comparing the intensity of organic modification to the level of petrofabric development, the paradox dis-
cussed in [4] is also found. The sample for which the petrofabric is most developed are not those with the most ex-
tensively modified organics. This could suggest that petrofabrics are developed in response to low-velocity impacts 
with little heat dissipation. 

Shock recovered samples from our experiments show that hypervelocity shock waves can modify the structure of 
the organic compounds. Based on FTIR, the IOM CH2/CH3 ratio appears to increase with increasing shock pressure, 
while Raman spectroscopy shows a modification of the aromatic skeleton above 10 GPa. However, the trend ob-
served for the heated samples in the Raman D and G bands is not quite reproduced by the experiments.  
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