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The presence of dark lithic clasts within meteorites can provide information concerning asteroidal regolith 
processes, the extent of interactions between asteroids, and the relationship between meteorite types, 
micrometeorites and interplanetary dust particles. Accordingly, we have been seekmg and characterizing dark 
clasts found within carbonaceous chondrites, unequilibrated ordinary chondrites, howardites and eucrites. We 
find that unequilibrated chondrites in this study contain fine-grained, anhydrous unequilibrated inclusions, while 
the howardites often contain inclusions from geochemically processed, hydrous asteroids (type 1 and 2 
carbonaceous chondrites). Eucrites and howardites contain unusual clasts, not easily classified. 

The most abundant dark clasts that we studied are uniformly fine-grained assemblages dominated by olivine and 
pyroxenes, and, based on mineralogy as well as oxygen isotopic compositions, appear to be genetically related to 
their host chondrites. Using HRTEM, we examined the dark clasts in Dhajala (H3.8) and Manych (LL3.1), 
previously described by Nehru et al. [I], and clasts in Allende and Vigarano (CV3), as described by Johnson et al 
[2]. Dhajala and Manych clasts are mineralogically simple, containing mainly olivine, OPX + CPX, generally 
sub-micrometer to a few micrometers in grain size. Accessory minerals (as fragments 50-100 pm in size) include 
Fe-Ni metal, pyrrhotite + pentlandite, and Ca-phosphates. One relatively fine-grained clast in Manych consists 
mainly of olivine (Fo63-65) and pyroxene (E~1~3-63 Wo19-28, with significant Cr, Mu, Al and Na), and with 
accessory Fe-Ni metal and glass. This clast also contains elliptical augen with complexly intergrown laths of 
pyroxene (En63W019) and an unidentified Al-rich phase. Normally zoned, coarse-grained olivine aggregates are 
also present within the augen as well as the clast matrix. More complexity is shown by the fine-grained clasts in 
Allende and Vigarano, which contain predominantly normally-zoned olivine (F09346), enstatite and diopside, 
often in overgrowth relationships. In one Allende clast, olivine compositions are Fo56-65, and accessory phases 
include awaruite and glass. This clast shows arcuate banding [2]. 

Many dark clasts in howardites resemble CM chondrites, but have been variously heated; a clast in G'Day is one 
example. It consists mainly of aluminous serpentine (Al is anti-correlated with Mg/Fe). Serpentine lattice fringes 
are slightly corrugated, a probable indication of heating. Other important phases are pyrrhotite, pentlandite, 
enstatite, augite, forsterite, and metal. This clast also contains a sinuous aggregate of spinel rimmed by 
serpentine. This is a common type of altered CAI in CM chondrites [3]. Numerous clasts in Kapoeta (howardite) 
also resemble CM chondrites. They contain subsidiary clasts of olivine (F0~~-100,  sometimes zoned), OPX 
(Engq_loo), pyrrhotite If: pentlandite, calcite, and layered serpentine (Mg/Fe=0.37-2.7), all set within a matrix 
consisting mainly of serpentine. One of these clasts contains abundant sinuous inclusions of spinel, with an inner 
rim of serpentine (Mg/Fe=0.15-0.38) and outer rim of diopside (fig. la). In most respects, these clasts are 
identical to one previously reported from the EET 875 13 howardite [4]. 

One highly unusual Kapoeta (howarhte) clast contains OPX, olivine (Fogg-gg), and pyrrhotite. Grains and 
framboids of magnetite are present, generally enclosed within calcite. This, and other calcite masses in this clast 
are rimmed by stoichiometric hedenbergite (fig. lb). This inclusion is clearly related to C1 and C2 chondrites. 

LEW 87295 (eucrite) contains an intriguing polymict inclusion which consists of 100-micrometer sized aggregates 
and mineral fragments. The components are 1) uniformly fine-grained (sub-micrometer) aggregates of olivine 
('-F03349), pyrrhotite 2 pentlandite, and Ca-phosphates, one with a more iron-rich rim, similar to several larger 
inclusions described above; 2) clasts containing anhydrous, aluminous ferromagnesian grains with the 
approximate composition of Fo25 with patchy rims of Fo28; these may be heated serpentine; 3) aggregates of 
unheated serpentine; 4) aggregates of magnesian olivine (Fog4100) and pyroxene (Engg-94); 5) rounded 
aggregates of enstatite rimmed by diopside; and 6) individual anhedral grains of OPX (En45-54), pyrrhotite, and 
pentlandite. The matrix consists of fragmental grains of olivine and OPX, surrounded by spongy ferromagnesian 
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silicate material which is probably poorly crystalline (heated?) serpentine. Clearly, this polynict clast records 
several stages of formation, reaction, alteration, and accretion, all predating incorporation into LEW 87295. 

Zolensky et al. [4&5] reported that 1) clasts in the LEW 85300 eucrite are mineralogically most similar to CV3 
chondrites, but are compositionally unique; 2) most clasts within the EET 87513 and Bholghati howardites are 
mineralogically compatible with CM chondrites heated to varying degrees, and 3) the remaining clasts from 
Bholghati are conceivably heated CI chondrite material. The results of this study suggest the following 
relationships between dark clasts found in primitive and differentiated meteorites. Eucrites contain unusual clasts 
which are not easily classified. Howardites contain these unusual types as well as CM- and CI-like chondrite 
material, heated to varying degrees. Type 3 CV and ordinary chondrites host fine-grained, generally anhydrous 
inclusions (although evidence of hydrated clasts has been reported in Plainview and Abbott ordinary chondntes 
[6&71). In other words, unequilibrated chondrites tend to contain anhydrous, fine-grained, unequilibrated 
inclusions, while the howardites often contain inclusions (sometimes heated) from geochemically processed, 
hydrous asteroids (type 1 and 2 carbonaceous chondntes). Increased sampling of dark clasts in various chondrites 
and differentiated meteorites, as well as oxygen isotopic data on more clast types, will help decipher relationships 
among dark clasts, meteorite types, micrometeorites and interplanetary dust particles. 
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Figure 1 From Kapoeta (a) a sinuous inclusion of spinel (S) with rims of serpentine (P) and diopside @); @) a 
clast with magnetite framboids (I@ enclosed within calcite (C), in turn rimmed by hedenbergite (H). 
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