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Introduction: The CM2 carbonaceous chondrites are composed of chondrules, refractory inclusions and mineral 

grains in a fine-grained phyllosilicate-rich matrix. The chondrules and other objects characteristically have fine-
grained rims that were acquired whilst moving through a dust-rich region of the protoplanetary disk [1]. Many CM 
chondrites are regolith breccias containing lithic clasts, many of which have close affinities to the CMs, but within 
any one meteorite can differ significantly in their degree of aqueous alteration [2]. All of the CM clasts are likely to 
have been derived from the same parent body, where they were mixed by impacts (i.e., ‘regolith gardening’). CMs 
can also contain xenoliths - clasts that are compositionally and mineralogically distinct from other clasts and the host 
meteorite [3]. The most common types of xenoliths are lithologically comparable to the CI carbonaceous chondrites, 
and so have been derived from a different parent body. Although they may have moved considerable distances through 
the protoplanetary disk in order to be accreted by the CM parent bodies, it is notable that CI clasts lack fine-grained 
rims. Thus, the CI fragments may have been transported after the rim-forming dust had dissipated and/or when the CI 
and CM parent bodies were in a dust-free region of the disk. 

Here we describe a xenolith in the CM carbonaceous chondrite LaPaz Icefield (LAP) 02239 that has a fine-grained 
rim. This object therefore offers the opportunity to understand conditions during the movement of the lithic clasts 
through the protoplanetary disk, and the relative timing of accretion of various parent bodies. 

Methods: The xenolith of interest is in a polished thin section of LAP 02239 that was studied by backscattered 
electron imaging and energy dispersive X-ray microanalysis using a Zeiss Sigma SEM at the University of Glasgow. 

Results: LAP 02239 has a petrologic type of 1.7 [4] and 1.5 [5], and is petrographically comparable to other mildly 
aqueously altered CMs. Chondrules, chondrule fragments and refractory inclusions all have fine-grained rims. The 
xenolith is oval, 1.5 mm by 0.6 mm in size, and enclosed by a 0.15 mm thick fine-grained rim. The xenolith contains 
three intact chondrules, several refractory inclusions, and silicate mineral grains, none of which have fine-grained 
rims. These objects are supported in a fine-grained matrix. The xenolith stands out from the host CM lithology by an 
absence of tochilinite-cronstedtite intergrowths and being heavily fractured. Nonetheless, the xenolith’s matrix is qual-
itatively similar in chemical composition to the fine-grained rim and so inferred to be equally phyllosilicate rich.   

Discussion: The xenolith is clearly not a CM lithology, but the presence of chondrules and refractory inclusions 
demonstrates that it is also not a CI; it could therefore be a carbonaceous chondrite lithology that is not represented 
by a meteorite group. The likely sequence of events by which this xenolith was incorporated into the LAP 02239 
parent body is as follows: (i) the xenolith’s parent body formed by accretion of material including un-rimmed chon-
drules; (ii) this parent body was partially aqueously altered; (iii) a fragment was impact-ejected, and acquired a fine-
grained rim as it moved through a dust-rich region of the protoplanetary disk; the same region hosted chondrules, 
refractory inclusions and silicate mineral grains; (iv) all of these rimmed objects were accreted into the LAP 02239 
parent body, which was subsequently aqueously altered.  

This scenario for formation of the rimmed xenolith has several important implications. First, its parent body ac-
creted in a part of the protoplanetary disk that was near to the chondrule forming region but free of rim-forming dust. 
Secondly, the xenolith’s parent body must have been aqueously altered relatively early so that a fragment of it moved 
through the same dust-rich region of the disk as the constituents of CM parent bodies (e.g., chondrules and refractory 
inclusions). Other xenoliths including those with CI affinities were never exposed to rim-forming dust, probably be-
cause they were incorporated into the CM parent bodies relatively late, and after the dust had dissipated. The LAP 
02239 xenolith is therefore a fragment of a carbonaceous chondrite parent body that formed and was aqueously altered 
early relative to CM parent bodies. Why so few rimmed clasts or xenoliths have been reported previously is an im-
portant unanswered question. 
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