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Detailed etrographic and electron microprobe studies were performed on a 6 x 5 x 
4.5 cm sample o t' the Kapoeta howardite and on several clasts in it, in order to understand 
the complex surface processes operating on the Howardite-Eucrite-Diogenite (HED) 
parent body. Noble-gas data were also obtained, from which cosmic-ray-exposure ages 
were calculated. Petrographic studies revealed that Kapoeta contains some remarkable 
examples of multiple generations of breccia-within-breccia. These textures are rare 
among meteorites studied and have not previous1 been found in regolith breccias. Case 
studies of three howardite clasts within Kapoeta r Clasts A, D, and H) indicate how variable 
the HED regolith must be, both in composition and exposure history. The histories of 
these clasts in Kapoeta illustrate the im act-driven evolution of the HED parent body. 

Clast A is a light-colored howar d? ite that contains other howardites that are easily 
distinguished by their darker matrix color and their clast components. It has a medium- to 
fine-grained texture and is made up predominantly of plagioclase (An$9-Ang5) and 
pyroxene (Eq1-E%) mineral fragments (27.2 vol %) along with matrlx (52.1 ~ 0 1 % ;  
matrix is < 20 p m in size). The calculated nominal 4~ exposure age is 2.77 Ma. The 
calculated background exposure age for Kapoeta whole rock is less than -1.5 Ma; 
therefore, the samples measured have acquired their excess 21Neco, on the parent body (1). 
The howardite clasts within Clast A imply that the evolutionary history of Kapoeta reflects 
at least three generations of brecciation. Clast A requires at least eight steps to create: (i) 
Igneous rocks (both eucrites and diogenites) are produced on and in the Kapoeta parent 
body. (ii) These primary crustal materials are fragmented and mixed by numerous impacts 
to produce a fragmental regolith. The impact events must have ranged in size from small 
ones that only mixed and comminuted the uppermost layers to large ones that excavated, 
shocked, melted, and fragmented fresh eucntic and diogenitic bedrock. (iii) A portion of 
this layer was lithified by an impact event, producing regolith breccias. (iv) The regolith 
breccias were subsequently fragmented by impacts in an environment like that described in 
step (ii). The result was fragments of regolith breccia in the HED regolith. (v) An impact 
lithified a portion of this regolith, producing the breccia protoliths from which Clast A was 
made. (vi) Impacts continued to rework the surface of the HED parent body, fragmenting 
the regolith breccias made in step (v), and mixing the fragments with other debris. (vii) An 
impact lithified a portion of this regolith, producing the breccia protolith from which 
Kapoeta was made. (viii) Impacts probably fragmented the breccia made in step (vii), 
until one of the events ejected Kapoeta from its parent body. 
Similarly, Clast H indicates a complex evolutionary history with at least two stages of 
impact melt production. It is the largest clast, 2.9 cm in diameter, found in this sample of 
the Kapoeta meteorite. Clast H is composed of concentric layers of material around a core 
of heavily shocked orthopyroxenite. Less shocked orthopyroxenite and matrix surrounds 
the core. The matrix contains only a few lithic clasts (4.9 vol %) and is composed primarily 
of pyroxene mineral fragments (11.9 vol %, E Engo). The plagioclase grains (2.4 vol %) 
range from Ang7-Angg. The matrix is rimmed %- y a pyroxene-phyric impact melt rock (32.1 
vol %) that contains pyroxene laths in a network radiating away from the primary matrix of 
the clast and into the impact melt that surrounds the entire clast. Rimming this pyroxene- 
phyric melt rock is a clast-laden impact melt (17.0 vol %). The impact melt shows a flow- 
like texture and has a dark microcrystalline matrix containing skeletal pyroxene grains. 
The melt also contains fragments of the pyroxene-phyric impact melt rock and numerous 
other mineral fragments derived from the rest of the meteorite. The calculated nominal 4.~ 
exposure ages (Ma) for the three regions of Clast H are : 3.78 for the matrix, 2.78 for the 
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pyroxene-phyric impact melt rock, and 3.32 for the clast-laden impact melt. Textures 
observed show a complicated evolutionary history: (i) A diogenite clast formed by igneous 
processes at de th in the HED arent body. (ii) A large impact excavated some of this 
igneous body, s X ocking some o ? the material to the levels shown by the diogenite clast in 
the center of Clast H. The Clast H diogenite may represent highly shocked rock on the 
crater floor beneath fallback breccia. (iii) The diogenite was subsequently brecciated 
further by numerous impacts, producing smaller fragments and mixing it with other 
materials, now represented by the matrix materials surrounding the shocked diogenite in 
Clast H. (iv) This assembla e was lithified by an impact event. This was probably 
accom anied by coating wit and partial intrusions by the pyroxene-phyric impact melt R f, 
rock, t ough formation of the melt during a separate event cannot be ruled out. (v) The 
resulting lithology might have been further affected by impacts. If so, the amount of 
pyroxene-phyric impact melt rock was considerably greater than now observed. The 
relatively smooth outlines of this portion of Clast H suggest that the clast was not 
fragmented after step (iv). However, it is clear that the clast-laden impact melt was 
added after step (iv) in a separate impact event. Although the melt is the same 
com osition as the pyroxene-phyric impact melt rock, there are fragments of the latter in P the ormer and they have different cosmic-ray-exposure ages. (vi) This composite 
lithology might have been somewhat abraded after its formation. It resided in the HED 
regolith and was eventually incorporated into the Kapoeta breccia. 

Clast D is a dark-colored howardite with coarse-grained texture. It is dominated 
by pyroxene mineral fragments (29.1 vol %, En71-En84) and matrix (54.1 ~01%) .  The 
plagioclase (3.8 vol %) ranges from An77- . Clast D shows less evolutionary 
complexity than Clasts A and H, but is notab "sS e for its abundance of carbonaceous 
chondrite fragments (0.23 vol %). The calculated nominal 4~ exposure age is 2.65 Ma. 
Observation of numerous carbonaceous chondrites in Clast D suggest that the area in 
which Clast D resided may have suffered little gardening effects, which preserved the 
carbonaceous chondrites. On the other hand, Clast D has a large cosmic-ray-exposure 
age, giving time for small impacts to garden the regolith and comminute the carbonaceous 
chondrites clasts. 

The observations from the Kapoeta meteorite are consistent with regolith 
formation models (2). The regolith results primarily from the build up of successive 
layers of ejecta. The ejecta produced in an impact event would have a size-frequency 
distribution that results in fragments of various sizes in the regolith. Consistent with this 
model, Kapoeta may have represented a boulder in the regolith of the HED parent body 
and Kapoeta itself shows a wide size distribution of clast material. (2) also noted that 
extraneous matter (e.g., carbonaceous chondrites) and impact melt glasses are diluted by 
large volumes of impact-brecciated rock. Glass in meteorites is extremely rare, despite 
the evidence of shock and brecciation in most meteorites. This is true of Kapoeta, which 
makes it consistent with the model for asteroidal regolith evolution (2). 

Comparisons with other howardites (1,3) show that howardites are heterogeneous 
in modal mineralogy and lithic abundances, grain-size distributions, solar-wind-implanted 
gases, and cosmic-ray-exposure ages. Variability in noble gas concentrations show 
variation in average surface residence time of regolith on the parent body. These data 
demonstrate that the materials making up Kapoeta experienced a wide range of surface 
exposure histories. In Kapoeta, some regolith breccias are gas-poor, suggesting a very 
short residence time. Clast A, for example, contains no solar-wnd-implanted gases. 
Regolith variability within Kapoeta and other howardites illustrates that the HED parent 
body is a dynamic system. 
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