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A very large (18.535 kilogram) eucrite stone found 

near Gawa, Mali in January 2008 contains black clasts 
which have affinities with CM chondrites (Figure 1). 

 

 
 

Figure 1. Whole NWA 5232 stone 
 
The dominant lithology is a polymict (or genomict) 

breccia consisting of a variety of ophitic-textured clasts 
composed of exsolved pigeonite, calcic plagioclase 
(An88.6-91.8Or0.6-0.3), silica polymorph, ilmenite, troilite 
and rare kamacite, all in a matrix consisting of debris 
from the same lithologies.  Pyroxene grains contain 
exsolution lamellae of clinopyroxene (Fs25.8-26.7Wo43.8-

43.1, FeO/MnO = 31.2-31.9) within orthopyroxene 
(Fs61.2-61.5Wo1.7-1.8, 30.9-32.4).  A unique “rusty” clast 
that is slightly magnetic probably represents a weath-
ered metal-rich lithology (which deserves further char-
acterization).  The dispersed small, black clasts (up to 
1.5 cm across) range from angular to ovoid, and some 
have very fine grained concentric “dust” mantles 
against the eucritic matrix.  They consist of “amoe-
boid” aggregates (see Figure 2) composed mainly of 
Fe-free forsterite with lesser amounts of enstatite, 
aluminous diopside and phosphoran Fe-Ni sulfide 
along with finer grained troilite, pentlandite, schreiber-
site and kamacite.  No chondrules or hydrous phases 
were observed in these dark clasts, and they appear to 
be an exotic component added to the dominant eucritic 
material during its brecciation and impact mixing on 
the parent body (presumed to be 4Vesta). 

 
 

 
 
Figure 2. Complete slice of NWA 5232 showing a 
variety of dark clasts (width of field = 8 mm) 

 

       
 

Figure 3a, 3b. BSE images of dark clasts.  Mg-rich 
olivine (deep blue), phosphosulfides (white), dust rims 

(blue), eucrite matrix phases (orange, red, blue) 
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Phosphoran Sulfides:  Sulfides in the dark clasts 
contain 25.2-33.4 wt.% Fe, 23.5-31.3 wt.% Ni, 24.8-
30.7 wt.% S, 3.5-4.1 wt.% P, and minor Co and Cr.  
These compositions are similar to those of such phases 
in CM chondrites (see Figure 4). 
 

 
Figure 4. Compositions of phosphosulfides in NWA 
5232 dark clasts and in three CM chondrites [2] 
 
Oxygen Isotopes:  Analyses by laser fluorination 

of acid-washed samples of both the matrix and a com-
posite of several dark clasts gave the following results: 

  
    δ

17O   δ18O  ∆17O 
Eucrite matrix  1.671 3.645 -0.246 
   1.417 3.206 -0.270 
Dark clasts  -1.196 3.722 -3.154 
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Figure 5. Oxygen isotope compositions for NWA 
5232 eucrite and dark clasts compared with CM chon-

drites (data from [1] and unpublished) 
 
Affinities: The dominant polymict basaltic eucrite 

portion of this meteorite is fairly typical of such rocks, 
based on both mineralogical and oxygen isotopic pa-
rameters.  However, the exotic black inclusions are 

composed of entirely different, more primitive material 
which has an oxygen isotopic composition which plots 
at the intersection of the arrays for CM and CV chon-
drites.  The presence of characteristic phosphoran Fe-
Ni sulfides in the dark clasts favors a CM chondritic 
affinity, since such phases have been reported only in 
CM chondrites [2].  Carbonaceous chondritic clasts 
assigned to CM2, CR2 or CI groups have been re-
ported previously in some howardites and polymict 
eucrites [3, 4]; however, those examples contain hy-
drous phases, which appear to be absent from the more 
abundant clasts in NWA 5232. 

 
Implications for the “Late Heavy Bombard-

ment”:   It has been suggested by [5] that the CM chon-
dritic clasts in howardites and polymict eucrites repre-
sent a dominant population of impactors in the pro-
posed 3.9 Ga terminal bombardment phase that af-
fected bodies in the inner solar system. 
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