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Introduction. Detailed regional mapping in the 3.2 to 3.5 Ga Barberton 
greenstone belt has led to the recognition of four distinctive sedimentary layers 
bearing iridium anomalies and abundant microspherules of impact origin (1). The 
three upper layers, S2-S4, occur within tuffaceous Fig Tree Group metasediments 
with single-zircon evaporation ages 3.24 to 3.26 Ga (2 and unpub. data). Several 
hundred meters of section separate S2 and S3, and approximately ten meters of 
section separate S3 and S4. These sediments have been metamorphosed to lower 
greenschist facies, but have also been substantially altered by early sea-floor 
weathering and/or hydrothermal processes. Original minerals are rarely preserved 
and bulk compositions of the impact spherules have been radically modified. The 
regionally extensive layers, S2 in northern sections of the greenstone belt and S3 in 
southern sections of the greenstone belt, contain unique nickel-chromites that 
appear to be a preserved primary component of the impact spherules. 

Petrolovy of i m ~ a c t  spherules. Each impact layer is composed of a variety of 
different spherule types: cryptocrystalline, basaltic, fibroradial, and barred. The 
nickel-chromites of layers S2 and S3 invariably occur within 2-4% of the total 
spherule population, and in most cases, within a specific spherule type for that layer. 
Two types of S2 spherules contain nickel-chromites. In samples dominated by the 
alteration assemblage quartz-sericite, the nickel-chromites occur within nearly pure 
chrome-sericite spherules that typically range in size between 0.5 and 0.8 mm. This 
is the smallest size range of the total spherule assemblage which ranges up to 4.0 mm. 
If they were in hydrologic equilibrium with the larger spherules this would suggest 
a much higher density for the nickel-chromite-bearing spherules. The nickel- 
chromites occur as octahedra up to 0.1 mm in size and in rare cases as skeletal 
chainlike crystals. Nickel-chromites are modally up to 40% and commonly 20% of 
some of these spherules (based on pointcounts of BSE and reflected light 
photomicrographs). In one sample dominated by the alteration assemblage quartz- 
chlorite-apatite all the nickel-chromites occur within spherules that are nearly pure 
quartz, which are also in the smallest size fraction of spherules in this sample. In 
this sample nickel-chromites typically occur as isometric dentrites, commonly 
appearing to have grown unimpeded within the original melt droplets, suggesting 
they were an early , if not first, phase to crystallize. A few spherules contain large, 
skeletal octahedal forms up to 0.25 mm. Nickel chromites do not occur in the other 
common spherule types. 

Chemistrv of nickel-chromitea. All of the Barberton impact spinels share the 
following compositional traits: 1) unusually (and uniquely?) high Ni, Co, and V; 2) 
unusually low Mg, Al, and Ti; and 3) chondritic ratios of Co/Ni and V/Cr; and, 4) 
slightly to substantially low oxide totals even after corrections for stoichiometric 
ferric iron contents. Spinels in komatiites and high-magnesium basalts in the 
Barberton sequence have much higher A1 and Mg, and very low Ni, Co, and V 
compared to the S2 and S3 spinels. Some of the igneous spinels also display slightly 
low oxide totals. Serpentization and low-grade metamorphism of Barberton igneous 
spinelsresult in slightly low totals and in extreme instances result in either zoned 
ferrichromite rims or magnetite overgrowths. None of these alteration products of 
igneous spinels produce the variations seen in S2 and S3 spinels. A broad literature 
search has produced only a few instances of spinels similar to the Barberton nickel- 
chromites. Chromites that grow in the immiscible sulfide melt phases of mafic 
intrusions are highly enriched in the chalcophile elements and highly depleted in 
the lithophile elements (3). 
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O r i ~ i n  of Barberton nickel-chromites. Spinels are also a significant trace 
component and the only widely preserved product of K-T impact melts (4). The K-T 
boundary impact spinels are quite different than Barberton impact spinels in several 
characteristics: 1) K-T spinels are lithophile, low in chromium, though also highly 
enriched in nickel; and 2) they are compositionally variable both locally and 
globally. Core compositions of the largest and freshest Barberton impact spinels are 
remarkably similar over a broad region of the greenstone belt, representing very 
different depositional settings, styles of early diagenesis, and grades of 
metamorphism. One or more large impacts produced a spectrum of materials that are 
now represented by the highly variable spherules seen in the Barberton sequence. 
One minor spherule type was derived from an immiscible sulfide phase of the impact 
melt. The chondritic ratios of Co/Ni and V/Cr may suggest that these particles were 
largely derived from the impacting bolide. The high Fe+3 of KIT impact spinels 
suggest an oxidizing impact vapor/melt (5), but the nonlithophile nature of the 
Barberton impact spinels do not allow such arguments. 
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Nickel-chromite from Archean Impacts 
Sample 306-1 105-12 294-1 
Point core r i m  core r i m  core r i m  
Ti02 0.03 0.05 0.05 0.06 0.09 0.12 
A1203 0.00 0.20 0.09 1.24 0.17 2.16 
V203 0.85 1.63 0.92 0.94 0.89 0.91 
Cr203 49.74 43.66 52.52 50.56 53.11 48.17 
M-a 0.00 0.00 0.40 0.44 2.01 1.69 
FeO 31.81 33.10 28.56 27.67 25.87 23.62 
Coo 0.58 0.56 0.31 0.29 0.38 0.31 
NiO 11.87 1 5 . 0 5 1 1 . 1 9 1 0 . 4 0 1 2 . 0 2 1 1 . 2 4  
ZnO 0.00 0.00 0.29 0.68 0.41 0.86 

0.45 0.33 0.42 0.37 1.56 1.58 
Total 95.33 94.58 94.75 92.65 96.51 90.66 

Fe203 15.12 19.88 11.49 10.57 12.71 11.25 
FeO 18.06 15.02 18.1 1 18.06 14.31 13.40 
Total 96.70 96.39 95.79 93.61 97.67 91.68 

Ti02 0.001 0.001 0.001 0.002 0.003 0.004 
Fe203 0.446 0.590 0.341 0.320 0.367 0.342 
A1203 0.000 0.009 0.004 0.058 0.008 0.102 
V203 0.026 0.051 0.029 0.030 0.027 0.029 
Cr203 1.528 1.350 1.626 1.592 1.598 1.527 
hhC) 0.000 0.000 0.013 0.015 0.065 0.057 
FeO 0.586 0.490 0.592 0.600 0.455 0.448 
Coo 0.018 0.018 0.010 0.009 0.012 0.010 
N'D 0.369 0.471 0.351 0.332 0.367 0.361 
ZnO 0.000 0.000 0.008 0.020 0.012 0.025 

0.026 0.019 0.025 0.022 0.089 0.094 

Figure 1. Sample SA306-1 from impact 
layer S3 in the southern Barberton 
greenstone belt. Plane-light 
photomicrograph of impact spherule, 
about 0.7mm diameter, altered to chert, 
and containing dendritic Ni-chromite. 

Table 1. Sample SA294-1 is from S2 
near the Princeton Mine; SA306-1, 
Powerline Rd., and SA105-12, Barite 
Syncline, are from S3. 
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