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Introduction: Mapping by the DAWN spacecraft identified areas on 
the surface of the asteroid 4 Vesta that contain H and have an OH-
absorption feature. These areas are spatially correlated with dark materials 
[e.g., 1]. CM chondrite impact debris are consistent with these observations 
because they are dark and typcially hydrated; also clasts of CM chondrites 
are regularly found in howardites [e.g., 2], the meteorite analog for the 
surface of Vesta. In this region on Vesta, geomorphologic features 
associated with release of water in craters have been recognized [3]. If CM 
chondrite material is the source of this water, impact melting could have 
facilitated its release. In this study of a regolithic howardite, we identify the 
first CM chondrite impact melt clast. 

Materials and Methods: The meteorite GRO 95574 was found in the 
Grosvenor Mountains, Antarctica; it is part of the regolithic GRO 95 
howardite pairing group [4]. We analyzed the thin section GRO 95574,17 
with an EMP and conducted in situ triple oxgyen isotope SIMS analyses. 

Results: The clast identified in this study has a microporphyritic texture 
and is ~1 mm. It contains olivine microphenocrysts (≤100 µm) in vitric Fe-
rich glass with accessory sulfides. Several olivine microphenocrysts have 
compositionally distinct cores (Fo97 with Fe/Mn=6-10). The olivine which 
composes most of the microphenocrysts exhibits typical composition 
zoning (Fo88-60 with Fe/Mn=70-90).  

The triple oxygen isotope composition of a distinct olivine core plots 
on the primitive end of the CCAM line. Two microphenocrysts without 
distinct cores plot off the CCAM line but in the region of bulk CM 
chondrites. 

Discussion: The compositionally distinct cores resemble relict cores 
observed in chondrules [e.g., 5]; their Fo-contents and Fe/Mn ratios are 
consistent with chondrule olivine from CM chondrites [6], and their oxygen 
isotope signatures are consistent with olivine relicts [7]. Otherwise, this clast 
is petrologically distinct from a chondrule. Particularly, the oxygen isotope 
contents in the rest of the olivines are distinct from olivine measured in 
chondrites, which typically have oxygen isotope signatures that fall on the 
CCAM line [e.g., 5,7 ].  

This clast texturally resembles impact melt clasts found in ordinary 
chondrites and CV chondrites [e.g., 8]. The Fe-rich glass and  high Fe/Mn 
ratios of most of the olivines are consistent with melting of an oxidized 
chondritic precursor, such as a CM chondrite. Crystallization from CM 
chondrite impact melt would form olivine with oxygen isotope signatures 
similar to bulk CM chondrites, as we have measured in this study. This 
combined evidence indicates this clast is a CM chondrite impact melt, 
making it the first to have been identified.  

It is particularly notable that this CM chondrite impact melt is located in 
a regolithic howardite. This provides evidence that hydrated CM chondrite 
materials are not only added to the regolith of Vesta, but that they can also 
survive impacts as melts rather than vaporizing, as previously hypothesized 
to explain the absence of carbonecous chondrite impact melts [9]. Impact 
melts like that described here can potentially release water and promote 
secondary processes on Vesta and similar asteroids. 
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