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Introduction: Discoveries of Antarctic samples have almost 

tripled the number of known ureilites by 1991 [1].  Now more 
ureilites have been recovered from hot deserts, and 74 ureilites 
from Northwest Africa (NWA) were recorded among 241 total 
ureilite samples [2].  Augite (Aug)- or orthopyroxene (Opx)-
bearing ureilites found first in Antarctica fall outside the original 
definition of ureilites [3].  We described nine ureilites from 
NWA, including an Opx-Aug ureilite, NWA 2236 with Mg-rich 
olivine [4], and two olivine-rich ureilites, NWA 4520 [2] and 
NWA 3222 [2]. We reexamine the formation mechanism of 
ureilites on the basis of these findings. 

Samples: The PTSs of nine samples (NWA 2234, 2236, 
3221, 3222, 3223, 4508, 4519, 4520, 4507) were studied by an 
optical microscope and EPMA at NIPR and Ocean Res. Inst. 
(ORI) of Univ. of Tokyo.  

Results: Brief descriptions of nine NWA ureilites are given 
in the Meteoritical Bull. [2, 4, 5].  In this abstract, we report  
some features not known in other ureilites.  

Chemical variations of minerals. The chemical trends of py-
roxenes are within the known range of ureilies, except for NWA 
2236  (Fo 97) with small Opx grains (Fs3.0Wo4.8)  and diopside 
grains (Fs2Wo38) . The variation of olivines in the NWA 3221 
polymict ureilite (Fo74–90) cover the entire ranges of core com-
positions of the other ureilites (NWA 3222: Fo87–89; 4508: 
Fo83–86; 4519: Fo83–80; 4520: Fo79–82; 3223: Fo77-80).   

Olivine-rich ureilites. NWA 4520 contains olivine only, ob-
served in two PTSs made 2 cm apart. One PTS shows a typical 
ureilite texture with carbonaceous veins.  A large part of the 
other PTS consists of large olivine crystals up to 3.2 × 2.7 mm in 
size, with thin grain boundaries essentially without opaque mate-
rials. Small olivine grains (0.2 × 0.1 mm) with carbonaceous 
veins are present around the large olivine part. NWA 3222 con-
sists of angular fragments of olivine and poikilitically encloses 
small rounded to oval Opx (Fs11.2Wo4.8) and Aug (Fs7Wo37) 
grains.  

Discussion: We proposed a model that ureilites are residues 
of disequilibrium partial melting of a carbon-rich CV-like body, 
and grain-coarsening at high temperatures.  The NWA 4520 oli-
vine ureilite is similar to magmatic inclusion found in DaG 319 
[7], but the presence of a region with carbon veins in NWA 4520 
suggests that grain-coarsening of olivine with little liquid is an 
important process for the formation of such ureilites. 
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