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Introduction: Spectral and remotely sensed data 

from Bennu and Ryugu share some common properties 

with CM chondrites.  First, they contain evidence for 

the presence of magnetite. Second, they contain ample 

evidence for hydration features such as the 2.7 micron 

feature.  Finally, the asteroids and the CM chondrites 

all have very low reflectance typical of dark and vola-

tile-bearing material [1-3].  Spectral studies of the tar-

get asteroids of the OSIRIS-REx and Hayabusa2 mis-

sions - Bennu and Ryugu - have included comparisons 

to several samples from the US Antarctic meteorite 

collection including MET 00639 (CM2), MET 01072 

(CM2), ALH 83100 (CM1/2), and LAP 02277 (CM1) 

[1-3].  The fact that these four samples provide insight 

into understanding these asteroids leads one to wonder 

what carbonaceous chondrites (CCs) are represented in 

the US collection and if there are others that might also 

be helpful for comparison? Here we focus on the CM 

chondrites which may serve as an important resource to 

the missions. 

CM chondrites:  There are 344 CM chondrites in 

the US Antarctic meteorite collection (Figure 1), in-

cluding large pairing groups from the ALH, EET, 

LEW, LAP, MET, MIL, and QUE dense collection 

areas. The mineralogy of CM2 chondrites is fine 

grained and difficult to study using standard optical 

microscopy, but x-ray diffraction studies indicate their 

major mineralogy is cronstedtite, olivine, pyroxene, 

calcite, magnetite, and sulfide [4,5].  CM1 chondrites 

are more rare in the collection, typically of small size 

(<10 g), and have Mg-rich serpentine forming at higher 

degrees of aqueous alteration.  The transitional CM1/2 

represent intermediate degrees of aqueous alteration. 

There are some intriguing correlations among some 

mineralogic, chemical, and isotopic indicators.  For 

example, the most altered CMs should have higher 

water contents and they do [6].  If a common water 

source is causing aqueous alteration, then there should 

be O and H isotopic correlations with alteration; these 

trends are less clear [6], but also suffer from a small 

number of analyses compared to the number of samples 

available. Linking sample measurements with spectral 

features being measured at Bennu and Ryugu is possi-

ble and has led to correlations [7].  

 Despite the lack of clear trends for all sam-

ples, a subset of samples in the US collection helps to 

define general and overall trends indicative of the pro-

cesses leading to mineralogic and compositional diver-

sity within the CM chondrites.   However, such assign- 

 
Figure 1: Carbonaceous chondrites in the US collection 

 

ments are tentative and incomplete due to several key 

issues such as uncertain pairing relations, sample het-

erogeneity, brecciation, and small sample size and fria-

bility (especially given the evidence for brecciation on 

Bennu), and the recognition of anomalous CMs that 

might represent additional processes at work on the 

CM parent body (see below).  In general, both sample 

measurements and spectral studies must acknowledge 

and recognize these challenges and work to overcome 

them to make progress in understanding CMs and po-

tential links to Bennu and Ryugu.  This might also lead 

to resolution of the debate between open and closed 

processes on the CM parent asteroid(s) [8,9]. 

CM or ungrouped carbonaceous chondrites:  

CM anomalous or ungrouped chondrites share spectral 

features with Ryugu, which has a small hydration peak 

arguably due to hydrated minerals left after either im-

pact heating or shock in carbonaceous chondrites [3].  

PCA 91008, PCA 02012, GRO 95566, and LEW 

85311 are all CMs that have experienced heating or 

metamorphism that may be due to impacts, solar radia-

tion, or radiogenic decay [10].  These samples may 

hold clues to understanding the mineralogy of Ryugu, 

or interpretations of its spectral properties.  On the 

other hand, WIS 91600 appears to be related to several 

other highly altered CM [10]; an understanding of this 

grouplet will also aid in the interpretation of Bennu 

samples which have a strong hydration features. 
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