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Anomalous metal and sulfide abundances in the regolith-breccia Acferlll. 
A. Pedroni, B. Spettel and F.Wlotzka, Max-Planck-Institut fk Chemie, J.J. Becherweg 27,55128 Mainz, Germany. 

Abstract: Modal- and INA- analyses of the H3-H6 regolith breccia Acferlll reveal that the abundance of metal in the 
host is 20-25% higher than in clasts. Furthermore, sulfides are depleted by some 30% compared to average H-chondritic 
compositions [I]. We present here some possible mechanism which might enrich the regolith of the Acferl 1 1 parent body in 
metal, i.e. admixture of foreign material, FeO-FeS reduction through loss of S2 and SO2, unrecognized Fe-rich indigenous 
lithologies, and a sorting mechanism. Each of these possiblities might contribute to the observed feature, but sorting seems to 
be the most likely mechanism. 
Implications for regolith chronology and for the original indepth structure of the H-chondrite parent body make accurate 
studies on other gas rich meteorites (like Fayetteville and Noblesville) highly desirable. 

Introduction: Acferl 1 1 exibits the typical "dark-light" structure of regolith-breccias: centimeter sized "light"clasts, are 
embedded in a "dark" host consisting of submillimeter sized, solar cosmic ray irradiated fragments."Matrixl is a current 
designation for the host, and will be used henceforth. The light clasts are H-chondrite fragments of petrologic type 4-6 (Tab. 1). 
The matrix consists mainly of equilibrated silicates in chondrules and crystal fragments, but it contains also unequilibrated 
material of type 3 (see below). It is thus generally agreed upon that the host was generated mainly in the regolith of the parent 
body by impact-comminution of clast-type progenitors. We present here additional evidence for more complex clast-matrix 
relationships. 

Experimental procedure and results: The reflectivity for 20 keV electrons on polished Fe-Ni-metal, sulfide, Fe-oxide, 
and silicate surfaces is quite different, and these mineral phases can very well be distinguished on a SEM backscattering- 
image. We examined the modal amounts of these mineral phases on 804 SEM images (each sampling around lmrn2) of 
polished sections of 7 clasts and 6 matrix samples of Acferl 1 1 . Each image was covered by an array of 1500x1800 points, and 
analysed using the KEVEX 1989 image analysis software. The surface of voids and cracks on the polished sections was taken 
into account, and a small correction (mostly <<I%) was applied to the modal abundances listed in Tab. 1. On each polished 
section we counted around lo8 points, nevertheless, the precision is much lower than counting statisics, since the area of the 
polished section might not be representive for the whole rock. Typically, 5-10 major (>lo pm) and 20-60 minor grains of each 
mineral species are found in one image area. Counting statistics, applied to the number of mineral grains give a relative error 
of around 5 %. Standard deviations of the averages listed in Tab. 1 c o n f i  our consideration. 
The volume occupied by Fe-oxides and -hydroxides is on average 1% and is independent of the texture of the sample. Sulfides 
are also, on average, equally abundant in matrix and clast samples, but are about 30-40% less abundant than usually found for 
H-chondrites [I]. This deficiency is less pronounced when all oxides are assumed to be weathering products of sulfides. 
Nevertheless, we suspect that Acfer 11 1 is really depleted in sulfides, since oxide rims are observed mainly on metal and 
rarely on sulfides. The abundance of metal in clasts lies at the lower limit, in matrix close to the mean of the range observed 
for H-chondrites. In the following discussion we try to explain the higher amount of metal in the matrix under the assumption 
that the metal content of clasts is the primary feature (wich is accidentally at the lower end of the H-chondrite range [I]). 

Discussion: Whatever we assume on the origin of the oxides, metal abundances in clasts and matrix are different, i.e. 
matrix is not simply a fmely comminuted clast-type material. 
This peculiar feature of the matrix might have several origins, each contributing to the observed abundances: 

1. Metal is introduced into the matrix as a foreign component, i.e. as metal-rich meteoroid which fell into the parent body 
regolith. Hewins [2] found such foreign material in howardites, where it is much easier identified than in ordinary 
chondrites. The abundance of foreign material found in any meteoritic regolith breccia [2,3,4,5] is, however, much too 
low to sum up to the observed abundances. 

Metal might have formed by reduction of FeO and FeS through loss of S2 and SO2 when the regolith was locally heated 
to 800-1000 "C by impacts, as it was observed in the Camel Donga eucrite [6]. This mechanism looks attractive, since it 
would also explain the sulfide deficit. But, when we assume the average H-chondrite sulfide abundance of 4.3 vol%, 
only half of the metal excess we observe could be produced. Intact radiogenic 4He- and 40Ar-inventories as well as an 
unfractionated solar-gas composition suggest that if any such changes did indeed occur, this must have happened very 
early. Also the chemical analysis shows that the matrix has a higher content of total iron and siderophile elements (Co, 
Ni, Ir, Au) than clasts (Tab.2); i.e. the higher metal content of the matrix cannot be explained by a simple reduction- 
oxidation relationship. 

3. Metal might have an indigenous origin, e.g. from a metal core of the Acferlll parent body. An objection to this 
hypothesis is that large (>lmm) metal chunks are rare in the matnx. Why are fragments of the brittle chondritic lithology 
abundant but metal-rich fragments cannot be found? A core-origin of metal looks thus of minor importance, if any. 
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4. We d o  not find large (cm sized ) H3-chondritic clasts. Nevertheless, the variable composition of olivines (9<Fa<19,5) 
and pyroxenes (2,5<Fs<16,8), show that an H3-type component is present in the matrix (A.Bischoff, priv. cornm. 1991). 
Noble gases c o n f i  this, since the average 129Xeancentration of 1725.10-l l c c ~ T P / ~  in 31 matrix samples is 
distinctly higher than 5k3.10-I] ccSTP/g found in 21 clast samples. H3-Chondrites typically have more than 170.10-~ 
ccSTP/g 129Xe [q, suggesting that -10% of matrix might be H3. For an oninon-shell structured Hchondritic parent 
body, where H3-type lithologies lie originally on the surface, it seems reasonable that the H3-component is more 
efficiently comminuted by impacts than other, deeper sited components. The absence of large H3-type clasts should thus 
not be surprising. Nevertheless, we doubt that the metal excess can be attributed to an H3-type component in the matrix, 
because this would imply an H3-lithology having a factor of two, or so, more metal than average H-chondntes. Such a 
high-metal lithology has never been observed [I]. 

5. In a previous study of the Howardite Kapoeta [8] we found some evidence for a sorting mechanism acting on asteroidal 
regoliths. Metal in the matrix of Acferlll might also be enriched by sorting. A candidate for a sorting mechanism is the 
hydrodynamic drag during ejection of impact debris [9]. The mechanism acts on grains of low masdsurface ratio, and it 
can easily be shown that lowdensity silicates are preferentially "blown-up" to the escape velocity. The expected metal 
(and possibly sulfide) enrichments are, however, hard to quant@, already because of the stochastic nature of impacts. 

Conclusions and Outlook: Except the last one, none of the hypotheses given above looks completely satisfactory, when 
taken alone. Possibly, several mechanim contribute to the observed metal excess. We note that indigenous metal sources, such 
as hypotheses 3 and 4, have important implications for the nature and the structure of the H-chondrite parent body, whereas 
the sorting mechanism (hypothesis 5) has consequences for the regolith chronology, requiring some refinement of the Housen 
model [lo]. This makes further studies highly desirable, especially of fresh samples like Fayetteville and Noblesville, where 
ambiguities due to weathering are avoided. 

Tab.1: Modal abundances (~01%) for clasts (left panel) and matrix (right panel) of Acferl 1 1 

Surface 
Clast Type mm2 

weighted average 
average HChondrite 
(Jarosewich, 1990) 

Fe-Ni Fe- 
metal Fe S Oxide 

Surface 
Matrix mm2 

weighted 
average 

Fe-Ni Fe- 
metal Fe S Oxide 

Tab.2: INAA of two matrix and two clast samples of Acferl 1 1. Fetot and Ni abundances in wt. %, all other in ppm. 

Matrix MA 
Matrix MIH 

Clast E 
Clast C 

average HChondrite 
(Kallemeyn et al., 1989) 

27.1 830 1.63 8.1 0.30 0.83 0.79 0.22 
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