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Introduction: CM chondrites are complex impact (mostly regolith) breccias, in which lithic clasts and mineral 

fragments show various degrees of aqueous alteration. These fragments are mixed together and lithified in a fine-

grained clastic matrix; however, the conditions of aqueous alteration are still controversial (e.g., [1-8]). This is in 

particular the case considering the chronological relationship between aqueous alteration and brecciation. Different 

classification schemes have been proposed to quantify the degree of alteration (e.g., [7-8]). Unfortunately, brecciated 

CM-chondrites are forced into an alteration sequence. Rubin et al. [8] mentioned the brecciated nature of CMs, but 

used only one alteration index for these complex rocks. Earlier, we noticed [9] that our thin section of the CM-

breccia of Nogoya (classified as a CM2.2 [8]) contains most fragments that are significantly less altered than CM2.2 

and was therefore classified as a CM2.2-2.6 [9] in the same way as ordinary chondrite breccias (e.g., [10,11]). 

Results: Here, we have studied individual fragments of 13 CM chondrite breccias and CM clasts in two 

achondrites (Tab. 1). The alteration index of 97 fragments was determined based on the optical appearance and 

chemistry of their PCPs using the procedure suggested by [8].  
 

Tab. 1: Subtype classification of CM chondrite breccias and CM clasts in two achondrites. * contains also C1-clasts 

Sample Subtypes Sample Lit. [8] Subtypes Sample Subtypes 

LON 94101 CM2.0*-2.8 Maribo  CM2.4-2.6 Santa Cruz CM2.4-2.8 

ALH 85013 CM2.0-2.8 Jbilet Winselwan  CM2.3-2.9   

ALHA 77306 CM2.0-2.6 Cold Bokkeveld CM2.2 CM2.0-2.8 Fragments in: HEDs 

Banten CM2.4-2.9 Nogoya CM2.2 CM2.0-2.6 EET 87513 CM2.4-2.6 

NWA 10907 CM2.3-2.4 Murchison CM2.5 CM2.4-2.9 NWA 7542 CM2.2-2.8 

NWA 10908 CM2.3-2.4 Y-791198 CM2.4 CM2.4-2.8   
 

Optically, strongly-altered fragments (2.0-2.2) and moderately-altered fragments (2.4/2.5-2.6 [8] or >2.6 [this 

study]) can be distinguished. However, an accurate subclassification can only be performed by obtaining the 

chemical composition of the PCPs considering the S/SiO2- and “FeO”/SiO2-ratios and the SiO2, FeO, and MgO 

contents. For certain clasts in the brecciated CM chondrites “FeO”/SiO2-ratios were obtained that were significantly 

above the values of 2.9 ± 0.6 being the hightest ratios and indicating the lowest degree of alteration (e.g., 2.6 by [8]). 

This leads to the definition of new subtypes for less-altered samples in this study (CM2.7-2.9). Although PCPs 

within a distinct subtype have similar “FeO”/SiO2-ratios, the S/SiO2-ratio can vary significantly. However, not all 

investigated samples contain clearly-defined fragments. It is important to mention that samples free of well-defined 

clasts were also classified by the analyses of different PCP objects randomly distributed throughout the sample. 

Examples are NWA 10907, NWA 10908, and Maribo (Tab. 1).  

Discussion and Conclusions: The new data set of this study allows a more precise classification and expands 

the actual scheme by the definition of the new subtypes of 2.7-2.8 and 2.9. Furthermore, the study clearly shows that 

the degree of aqueous alteration can strongly vary from clast to clast within a single thin section and between thin 

sections. In this respect LON 94101 is an exceptional example; most studied thin sections contain fragments with a 

wide range of subtypes from 2.0 to 2.8, whereas one thin section contains only clasts with subtypes between 2.0-2.3. 

Thus, the CM subtype classification based on the most abundant fragment-type as used by Rubin et al. [8] is not 

appropriate for the classification of complex CM chondrite breccias. Therefore, an extended classification scheme 

from 2.0-2.9 that takes into account the brecciation and includes the minimum to maximum degree of alteration is 

more precise and preferable.   
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