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CARBONACEOUS CHONDRITE CLASTS IN THE KAPOETA HOWARDITE. Adrian J. 
Brearley, Institute of Meteoritics, Department of Earth and Planetary Sciences, University of 
New Mexico, Albuquerque, New Mexico 87 13 1. 

A petrographic and mineralogical study of a number of carbonaceous chondrite clasts in 
the Kapoeta howardite has been carried out. Most of the clasts have mineralogical and chemical 
properties which link them to the CM carbonaceous chondrites. Some clasts contain chondrules 
which often have well-developed fine-grained rims, but many have been extensively brecciated. 
PCP-rich objects are common and pentlandite and pyrrhotite also occur. Calcite has also been 
found. The remainder of the clasts are extremely fine-grained and appear to be closely related 
to CI carbonaceous chondrites. In these clasts magnetite framboids are common and fine- 
grained sulfides and magnetite occur disseminated throughout the matrix. 
Introduction. Some achondritic breccias, particularly the howardites, and polymict ureilites 
[1,2,3] contain relatively abundant carbonaceous chondrite clasts. These materials appear to have 
been added to the achondrite parent bodies from impacts into the regolith at a late stage in the 
evolution of the parent body. The presence of carbonaceous chondritic clasts in achondrites 
represents an important additional resource of primitive meteoritic material which has not been 
fully exploited. The possibility that new chondrite types may be present within these breccias 
also exists, but detailed studies are lacking. Recent studies of brecciated achondrites, such as the 
Bholgati and Jodzie howardites [1,2] and the Nilpena polymict ureilite [3] have shown that 
several types of carbonaceous chondrite clasts, with affinities to the CM, CI and CR groups 
can occur in these meteorites. In addition, clasts in the Kapoeta howardite were described by [4] 
which appeared to be C2 carbonaceous chondrites. However, to date no comprehensive 
petrological or mineralogical studies of clasts in Kapoeta have been carried out. As part of a 
continuing study of carbonaceous chondrites and chondritic clasts in brecciated meteorites I 
have commenced a detailed study of clasts in the Kapoeta howardite. It is appropriate to 
reexamine clasts in this meteorite in view of the recent, significant advances in our 
understanding of the carbonaceous chondrites. 

Seven thin sections of Kapoeta have been studied in detail using optical microscopy, 
SEM and electron microprobe. Transmission electron microscopy of selected carbonaceous clasts 
is planned. This study and the work of Pun [5] show that a significant number of such clasts (3 
modal%) is present in Kapoeta. The clasts are typically angular although some tend to be 
subrounded and range in size from up to 3 mm down to tens of microns. The smaller clasts 
occur frequently and detailed SEM studies often reveal 10-20 clasts in a single thin section with 
sizes less than 200 pm. Preliminary results from this study suggest that two main carbonaceous 
chondrite types, CM and CI, are represented among the clast population in Kapoeta. 
CM carbonaceous chondrite clasts, The majority of clasts in Kapoeta appear to have affinities 
to the CM group based on their mineralogical and chemical characteristics. The clasts are 
characterized by the presence of chondrules or chondrule fragments set in a dark fine-grained 
matrix. Some clasts contain chondrules that are mantled by fine-grained rims which sometimes 
show textural and compositional zoning typical of CM2 meteorites [6] .  There is considerable 
variation in the textural characteristics of the clasts in terms of their degree of brecciation. 
Some clasts show textures which have been described by [6] as being indicative of primitive 
accretionary rocks. These clasts contain chondrules with well developed rims set in a matrix of 
subrounded PCP-rich objects. These objects probably consist of tochilinite or tochilinite 
intergrown with serpentine. In these clasts there is no evidence of brecciation. A whole range of 
textures from this primitive accretionary texture to highly brecciated clasts exists. In the latter 
case, there are no intact chondrules and the clasts are dominated by angular fragments of olivine 
and pyroxene intimately mixed with the fine-grained matrix. It is notable that the most highly 
brecciated clasts appear to have the lowest abundance of PCP in the matrix. 
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The matrix compositions in 10-15 different CM-like clasts have been determined by 
electron microprobe analysis using a 10 pm beam. Elemental ratio diagrams for matrix are a 
useful way of discriminating between carbonaceous chondrite types, because matrices in the 
different chondrite groups exhibit distinct enrichment and depletion patterns relative to bulk CI 

dominantly CI-like. Further detailed mineralogical studies are in progress to confirm this. No 
clasts with affinities to CR, CO or CV meteorites have yet been found. The wide variety of 
textures observed in the CM-like clasts suggest that either samples from several distinct impacts 
are present or that the clasts are fragments of a CM2 regolith breccia. It is clear that alteration 
and regolith processing on the CM2 parent body had occurred extensively prior to impact onto 
the howardite regolith [2]. The presence of relatively unprocessed accretionary CM rock 
fragments illustrates that these materials can survive an extended and complex history of 
regolith and impact processing. Such clasts provide an additional and important resource of 
primitive material for unraveling the evolution of the CM (and CI) chondrites. 
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0.01 Ni. The patterns are most consistent with CM 
CaTi Mg Cr MnNa K Fe Ni S matrix, but some elements, Ni and K in 

particular, are more like CI matrix. However, overall the available petrological and 
mineralogical data show that these clasts have close affinities to CM chondrites. 
CI-like clasts. A number of dark clasts have been observed which exhibit close affinities to CI 
chondrites. These clast are very fine-grained, tend to be fractured and have fine-grained 
opaques (magnetite and sulfides) disseminated throughout the matrix. No chondrules have been 
found but rare silicate fragments occur. In several clasts framboids of magnetite are extremely 

abundant, but no magnetite with a plaquette 
morphology has been observed. Bulk matrix data 
for 3 CI clasts are shown in Fig. 2 and provide 
good evidence for a CI link. The elemental ratios 
for these clasts show larger fractionations for Mn, 
Na, K, and Ni than are observed in CM matrix, 
but are similar to CI matrix. The exact depletions 
are not identical to average CI matrix values and 

. there are differences from clast to clast suggesting 
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that there may be some mineralogical differences 
on a fine-scale. 
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Conclusions. Of the clasts studied so far in 

Al Ca Ti Mg Cr Mn Na Fe Ni Kapoeta, the bulk appear to have close affinities 
to CM chondrites whilst the remainder are 


