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CHEMISTRY AND MINERALOGY OF OXIDATION PRODUCTS FROM A 
NICKEERICH ATAXITE; D. C. Golden, D. W. Ming, and M. E. Zolensky, NASA- 
Johnson Space Center, Houston, TX 77058. 

INTRODUCTION: 
Many finds of iron meteorites are partially or totally weathered due to oxidizing 

conditions at the Earth's surface. A knowledge of the weathering products and their 
relationship to the environmental conditions may help in identifying and extracting 
information on the composition of the original meteorite from such finds. Hoba 
meteorite is a nickel-rich ataxite find believed to have fallen about 80,000 years ago in 
South West Africa. It is the largest meteorite known, weighing about 60 tons. Hoba is 
nickel rich, with the Ni content averaging over 16% by weight. Mineralogy of the 
parent meteorite consists of a and 7 plessite with scattered kamacite needles and minor 
amounts of schreibersite and troilite [I]. A 30-cm thick oxide layer separates the lower 
part of the meteorite from the Kalahari limestone in which it is embedded. The aim of 
this study was to characterize the oxide layer in order to understand the mineralogy of 
corrosion products, their relation to the weathering environment, and the partitioning 
of Ni among the oxide minerals. 

MATERIALS AND METHODS: 
Samples: A sample of the oxide layer from the Hoba meteorite was used for this 
analysis. The sample was magnetic, disk shaped, and 4-6 cm in diameter. One side of 
the sample was light grey and was coated with calcium carbonate indicating the 
boundary between the oxide layer and the underlying limestone. The black side was 
closer to the meteorite. 
Thin section analysis: Polished petrographic thin sections were made by embedding 
the oxide sample in epoxy and by cutting in a direction perpendicular to the oxide- 
limestone contact. These sections were used for backscattered electron imaging and 
electron probe microanalysis (EPMA). 
X-rav diffraction (XRD) analysis: The oxide layer sample was divided into two 
segments, one near the meteorite side and the other near the limestone contact. These 
two fractions were ground under water using an agate mortar and a pestle. Carbonates 
were removed by treating samples with 1M NaOAc buffered to pH=5. The residue was 
dispersed in weak (pH=9.5) Na C 0 3  solution and fractionated by sedimentation and 
decantation into < 5  pm and > 3 prn fractions [2] .  These fractions were washed with 
deionized water, freeze-dried, and x-rayed as powder mounts. 

RESULTS: 
The coarser fractions (> 5 pm) of samples near the meteorite contact as well as the 

limestone contact were both magnetic and black; whereas, the fine fractions were not 
magnetic and were brown yellow in color. XRD analysis indicated predominantly 
magnetite in the coarser fraction with lesser amounts of goethite and lepidocrocite. 
The fine fraction contained goethite > lepidocrocite> magnetite. Material from the 
limestone contact had more fine fraction-sized particles than material near the 
meteorite contact. Calcite and quartz were found as contaminant phases from the 
surrounding soil. 

In scanning electron micrographs of selected oxide layer fragments, the 
morphology of lepidocrocite growing on the calcite surfaces occurred as clusters of thin- 
bladed spheres (Fig. 1). Goethite occurred as needles or in botryoidal form. Magnetite 
had a massive mo hology. EPMA indicated Ni substitution to different extents in each 
of these mineral p 9 ases. In some magnetite particles, the Ni content was high enough 
to qualify as ferroan trevorite [(Ni,Fe)Fe204]. The extent of Ni substitution in goethite 
and lepidocrocite was less than that in magnetite. 
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DISCUSSION: 
The Hoba meteorite has undergone electrochemical corrosion over the last 80,000 

years. High humidity that occurred during the moist climates that prevailed in Africa 
during the ice ages has caused the major part of the corrosion to the meteorite [I]. The 
limited supply of moisture available even today is continuing the same rocess at a 
subdued rate. The freshly formed lepidocrocite (a hydrous phase whic g can easily 
transform to goethite in the presence of Fe2+ ions) on calcite surfaces is evidence for 
such a process. The structure of magnetite can accommodate Ni and a variety of other 
elements (e. g., Zn, Cu, Mn, V, Mg, Al, Cr and Ti). Goethite and lepidocrocite can also 
accommodate Ni in their structures due to similarity in ionic radii between Fe and Ni 
[3]; however, the charge difference (Fe3+ vs Ni2+) may limit the extent of substitution. 
The substitution of Ni in goethite or lepidocrocite ma require protonation of a 

i! hydroxyl to maintain the charge balance. The presence o hematite was not detected. 
Perhaps the rnicroclimate near the meteorite surface is quite different from that of the 
surroundings due to moisture condensation on the meteorite during diurnal 
temperature fluctuations. Goethite-lepidocrocite associations as seen in these oxide 
layers are generally observed under hydromorphic conditions. Fe2+ ions are necessary 
for lepidocrocite formation [4] but not for goethite which can form either from Fe3+ or 
Fe2+. The average Fe oxidation state in minerals increases from the meteorite to the 
limestone contact. Goethite may have formed via alteration of lepidocrocite or direct 
oxidation of ferrous ions. Ni is a tracer for iron meteorites. If the meteorite has 
weathered partially or if some weathering products still remain at the site, the 
meteoritic signature can be traced by its Ni content. If the weathering product is 
ma netite it will retain most of the initial Ni of the meteorite. However, it may be 
dif ! icult to detect meteoritic Ni if the meteorite has altered to Fe3+ oxides. 
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Figure 1. Scanning electron micrograph of lepidocrocite (1) that has formed on the 
surface of calcite (c) near the oxide-limestone boundary. Lepidocrocite has a thin- 
bladed sphere morphology. 
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