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Abstract-—Small, 1-3 millimeter-sized, black xenoliths containing chondrules and chondrule
fragments embedded in a fine-grained matrix are present in the Kapoeta howardite. Forsteritic
olivine, pentlandite and & nickel-rich {0-3-2-8 wt. %) matrix indicate that these xenoliths are
carbonaceous chondrite material.

InTRODUCTION

ExNrIcEMENTS of various trace elements in the so-called dark portions of
certain gas-rich achondrites led some investigators to suggest that a carbonaceous
chondritic component had been mixed into the parent materials of these meteor-
ites (MULLER and ZAHRINGER, 1966; Mazor and ANDERS, 1967). More recently,
JEroME and Gownes (1971) suggested that all howardites contain an admixed
chondritic component. Although Ramdohr, as reported in MULLER and ZAHRIN-
GER (1966), observed a carbonaceous mineral of the approximate composition,
FeCS, in the dark portions of Kapoeta, the subject has not been pursued. Whereas
all the previous reports are concerned with indirect observations, it is the purpose
of this paper to describe actual millimeter-sized inclusions of carbonaceous chon-
drite-like fragments in the howardite Kapoeta. Thus, Kapoeta joins Bencubbin
(LovERING, 1962) and several chondrites in which carbonaceous chondritic frag-
ments have been well characterized e.g. Mezo-Madaras (VaNx ScHMUSs, 1967),
Tieschitz (KUuraT, 1970), Sharps (FREDRIKSSON ef al., 1969) and Plainview (Fopor
and Kr1r, 1972).

PROCEDURE

Two black xenoliths were removed from a piece of Kapoeta (Fig. 2, WiLgENING, 1971) for
which rare gas, particle track, and mineral composition data have previously been reported
(WILRKENING et al., 1971; WILKENING, 1971; MARTI e al., 1972). The xenoliths were embedded
in epoxy resin and polished. As the two xenoliths have the same textures, only one was analyzed.

Microprobe analyses were performed with the ARL-EMX electron microprobe in the De-
partment of Geophysical Sciences, University of Chicago. Analyses were made with the mini-
mum beam diameter, 1-0 um, a beam current of 0-5 #A and an accelerating voltage of 15 kV.
The observed intensity ratios were corrected using the EMPADR VII computer program
(RuckLIDGE and GasparRRINI, 1969). Olivine analyses were also run through Steele’s (personal
communication) PYX-OL-FELD program. The latter program calculates and plots approxi-
mate pyroxene and olivine compositions using count rates for Ca, Fe and Mg. In it the cor-
rection procedures are those of BENcE and ALBEE (1968) using updated alpha values from
Beaman and Isast (1970). Because of the small size and fragile nature of the inclusions, only
polished sections were studied. Even so, microprobe analyses were hampered by the small
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grain-size of the sample and the cracks and voids in the section. Three to five analyses were
made on each grain. Olivine analyses that did not conform to stoichiometry: Mg 4 Fo + Ca =
2-0 atoms and Si = 1-0 atoms, within the limits Mg + Fe + Ca = 1-88-2-10 atoms and Si =
0-95-1-07 atoms, were rejected. In part because of the approximate nature of the calculations
and also the difficulties presented by the sample, almost one half of the seventy olivine analyses
were rejected on the basis of these rather stringent criteria.

RESULTS AND Discussion

The black xenoliths are composed of a very fine-grained matrix in which are
embedded chondrules, chondrule fragments, and other irregular fragments, Fig. 1.
The fine-grained matrix typically contains 22-27 wt.9, Fe and 0-3-2-9 wt.9, Ni.
These values are similar to the ranges for 8 C2 chondrites (18-26 wt.%, Fe and
0-3-2-8 wt.%, Ni) reported by Woop (1967a, b). There were three highly reflecting
grains large enough to be analyzed in the xenolith studied; two of these grains
are visible in Fig. 1. These two grains are pentlandite, Fe_ ¢Ni._3S;. Analyses of
the other grain (probably pentlandite also as indicated by high Ni concentration)
which is actually a very fine-grained aggregate (grain-size <C0-1 ym) were rejected
because of low totals. Primary independent pentlandite is a common sulfide
mineral in carbonaceous chondrites (RamMponR, 1963). Because of the higher
degree of oxidation of the carbonaceous chondrites, Ni, which alloys with metallic
iron in ordinary chondrites, is forced into the sulfide phase forming pentlandite.
Pentlandite, sometimes intergrown with troilite, is found in some ordinary chon-
drite finds; in these it is thought to be the product of weathering.

In Table 1 are listed the range and mode of the compositions of the olivine in
Kapoeta along with olivine compositions of carbonaceous chondrites. Analyses
of individual olivine grains are shown in a histogram in Fig. 2. Although distri-
bution patterns of the olivine compositions in all the C2’s are similar (Woobp,
1967b), the Pollen data which are plotted for comparison were picked as one of
the better matches to the Kapoeta xenolith data.

In comparing these data with those of the three other classes of carbonaceous
chondrites (Table 1), one finds that the data for the C1 chondrite Orgueil are
similar, peaking at about 1 mole9, fayalite in the olivines REID ef al., 1970).
Olivine compositions in C3’s cover a wide range of fayalite contents, and the
distribution of compositions within the range is generally broad and unpeaked
(VAN SceMUS, 1969), Fig. 2. However, in some cases the fayalite content peaks
at a high mole 9, fayalite e.g. 40 mole9, Fa in Warrenton (VAN ScEMUS, 1969)
and in still other cases, especially among the Vigarano sub-type such as Allende
(CLARK et al., 1970), the pattern is similar to that of C2’s.

Table 1. Olivine compositions in carbonaceous chondrites and in Kapoeta

Range Mode

Name or type mole % fayalite mole?; faylite Comments Reference
Kapoeta xenolith 0-1-33-5 1-0 18 grains This work
Kapoeta bulk 8-5-37-7 — 5 grains FREDRIESSON AND

KeE1r, 1963

Orgueil, Cl 0-1-13-0 1+1 15 grains REID et al., 1970
Cc2 0-1-69-0 1-0 10 meteorites Woop, 1967
C3 0-1-70-0 Variable Usually an unpeaked

distribution VAN ScEMUS, 1969







Note 1987

Polien -
Wood {1967)

® Kopoeta Xenolith, This work
Kapoeta Bulk
Fredriksson and Keil (1963} —|

Number of grains

0
10 Ornons
A 7 Van Schmus (1969)
YA 7//%/
51/ a%//, A o0 7]
2 P . 7
10 15 20 25 30 35 40

Mole % Fe,S5i04 in Olivine

Fig. 2. Histograms of the olivine compositions in Pollen (Woob, 1967b), Kapoeta

bulk (FrEDRIESSON and KErr, 1963), Kapoeta xenolith (this work) and Ornans

(Vax Scrmus, 1969). The similarity of the Kapoeta xenolith data to those of the
C2 chondrite Pollen is readily apparent.

Thus, the olivines of the Kapoeta xenolith are closer in composition to the
olivines of C1, 02 and Vigarano-sub-type C3’s than to any other chondrites or to
the rare, large, individual olivines distributed throughout bulk Kapoeta. Further-
more, when the textures are considered, the Cl-type which has no chondrules and
very rare high temperature minerals (only 15 olivine grains were found in the
three thin sections studied by REID et al., 1970) must be ruled out. In the small
areas (0-1 cm?) of xenoliths examined the chondrules observed were not of the
Vigarano C3 sub type (large, 0-5-2 mm, spongy with profuse opaque material).
Hence, of the known types of meteorites, the Kapoeta xenolith is most like the
C2 type although C3 cannot be entirely ruled out.

It should be noted that not all of the black appearing fragments of 1-5 mm
size in Kapoeta are chondritic inclusions. In some cases they are pyroxene crys-
tallites in an opaque matrix. JEroME (1970) has suggested that similar features
in the Washougal howardite are the result of incomplete devitrification.

At this point it should be remarked that the Kapoeta ‘extra-dark’ material
analyzed for xenon by Rowg (1970) is not the same material as that described
here. I have found the mineralogy of Rowe’s fragment to be substantially the
same as that of bulk Kapoeta, that is, the major minerals are calcic feldspar and
pyroxene. Furthermore, trace element analyses of Kapoeta extra-dark material
show that the abundances of Ag, Br, In, Bi, and Zn are similar to Kapoeta ‘dark’
and quite different from carbonaceous chondrites (R. Ganapathy, personal com-
munication). Despite its 12°Xe excess the ‘extra-dark’ material, which may be a
breccia fragment from an earlier brecciation, is certainly not a chondritic xenolith.

The evidence presented here confirms earlier suggestions that a chondritic
component has been mechanically admixed to Kapoeta. Furthermore, the admix-
ture has taken place in such a way that some fragments have been preserved.
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The presence of foreign fragments is another piece of evidence that howardites
such as Kapoeta are low-grade microbreccias formed from a thoroughly reworked
regolith on a parent body. To illustrate this point the following evidence may
also be cited. Although there exist both igneous and breccia (the so-called light
material of the gas-rich howardites) fragments in the howardites, pre-existing
breccia fragments are far more abundant than the rare igneous lithic fragments.
Secondly, the host material is so finely comminuted that individual mineral
grains are the major constituent. And finally, the presence of solar-type rare
gases and solar flare cosmic ray tracks in some howardites (ZAHRINGER and
GENTNER, 1960; Mazor and ANDERs, 1967; Larn and Rasaw, 1969; PErLLAS
et al., 1969) emphasizes the surficial nature of the parent regolith and the low
grade brecciation [Kapoeta seems to correspond to the 0 or 1 class of lunar brec-
cias as defined by WiLLiams (1972)].

It is in just such a breccia that one should be able to recover fragments of
exotic types of meteorites if the velocities of the incoming particles were low enough
for the material to survive the impact. Although material of carbonaceous
chondrite-like composition appears to be the main constituent of interplanetary
matter falling on the Earth and Moon (GANAPATHY et al., 1970) only one intact
fragment of a carbonaceous chondrite was found in the examination of more than
2000 particles from the regolith at the sites of Apollos 11 and 12 (Woob efal., 1971).
And that particle shows substantial indications of shock. Thus, I conclude that
(1) typical impact velocities in the source region of the Kapoeta howardite were
lower than those on the moon and (2) carbonaceous chondrite-like material was
a prominent constituent of the interplanetary debris in the source region of the
Kapoeta howardite.
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