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IRIDIUM ANOMALIES ASSOCIATED WITH EARLY ARCHEAN SPHERULE LAYERS, 
SOUTH AFRICA AND WESTERN AUSTRALIA. Donald R. Lowe, Department of Geology and 
Geophysics, Louisiana State University, Baton Rouge, LA 70803; Frank Asaro, 
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720; 
Gary R. Byerly, Department of Geology and Geophysics, Louisiana State 
University, Baton Rouge, LA 70803. 

Layers of altered spherules in the Early Archean Fig Tree Group, 
Barberton Greenstone Belt, South Africa, and the Warrawoona Group, Eastern 
Pilbara Block, Western Australia, are associated with major iridium anomalies. 
The spherules represent metasomatically altered quenched liquid silicate 
droplets interpreted to have formed by the condensation and solidification of 
impact-produced rock vapor and liquid melt [I, 21. 

Three spherule beds have been identified in the Barberton Belt [2]. Two 
prominent spherule layers occur near the base of the sedimentary Fig Tree 
Group, immediately overlying volcanic and cherty sediments of the Onverwacht 
Group. The lower Fig Tree bed, S2, occurs in the lowest 1 to 2 m of Fig Tree 
strata. The higher bed, S3, is interbedded within a thick sequence of 
volcaniclastic and terrigenous sediments 50 m to 200 m above the base of the 
Fig Tree Group. A third spherule layer, S1, several thousand meters lower in 
the sequence, has not yet been studied in detail. Samples from the two upper 
spherule layers and from igneous and sedimentary units throughout the 
supracrustal sequence were collected from sections distributed across the 
western half of the greenstone belt. Selected samples were examined 
petrographically, analyzed for major and trace element geochemistry by x-ray 
fluorescence, and analyzed at the Lawrence Berkeley Lab for REE and iridium by 
neutron activation techniques. The results provide a reasonably clear 
preliminary picture of the distribution of iridium as a function of sediment 
and igneous rock type. 

Spherule bed S3, the upper Fig Tree layer, locally yields Ir levels as 
high as 162 (+I-6) ppb and, at a second locality, 144 (+I-5) ppb. These values 
are between 20% and 25% of volatile-free chondrite abundances [3]. Spherule 
layer S2, the lower unit, has provided maximum values of 76 (+I-3) ppb and 67 
(+I-3) ppb, both from localities in the northern part of the greenstone belt. 
In southern areas, the spherules in S2 have been extensively reworked by 
current activity and the iridium content of the bed generally averages between 
0.4 and 4 ppb. 

The single Australian spherule bed, which is a current-deposited mixture 
of quench-textured basaltic spherules (5% to 50%) and unrelated clastic and 
pyroclastic detritus (50% to 95%), yielded maximum Ir abundances of 4.5 (+/- 
0.5), 4.2 (+I-0.5), and 3.7 (+I-0.6) ppb. Correcting for silica-filled pore 
space and the unrelated and presumably low-iridium detrital grains, it is 
apparent that this unit, too, is the site of a major iridium anomaly, probably 
exceeding 10 ppb. 

Associated rocks in the greenstone belt sequences might be expected to 
exhibit high background levels of iridium because of the common enrichment of 
platinum-group elements in ultramafic rocks, which are major components of 
Early Archean greenstone belt volcanic sequences. Analyses of 12 relatively 
fresh high- and low-Mg komatiites yielded a maximum Ir abundance of 4.8 (+/- 
1.0) ppb and an average of 1.3 (+I-0.4) ppb. High-Mg rocks generally contain 
in excess of 1 ppb whereas low-Mg komatiites vary considerably but generally 
contain less than 0.5 ppb. These results are consistent with previously 
reported iridium abundances in Archean mafic and ultramafic rocks [4]. Two 
samples of dacitic volcanic rocks both yielded 0.0 (+0.3) ppb Ir. Nine samples 
of dacitic ash, which occurs interbedded with the spherule layers and mixed 
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with spherules in current-worked beds, average 0.1 (+0.2/-0.1) ppb and showed 
a maximum of 0.3 (+0.3/-0.2) ppb iridium. 

Other sediments in the sequence were also analyzed for iridium 
abundance, including shale, graywacke, iron formation, komatiitic sandstone, 
carbonaceous chert, and barite. One sample of black chert representing 
silicified ash of uncertain composition contained 1.2 (+/-0.4) ppb Ir. Two 
samples of altered komatiitic lavas contained 1.6 (+0.5/-0.4) and 1.4 (+0.5/- 
0.4) ppb Ir. Seventeen other samples of sedimentary rocks each contained less 
than 0.5 ppb. 

These results indicate that beds of spherules representing quenched 
liquid silicate droplets in these Early Archean greenstone belt sequences are 
the sites of major iridium anomalies. Measured background levels of iridium 
in the volcanic and sedimentary sequence are everywhere less than 5 ppb with 
the maximum abundances occurring in relatively fresh komatiitic volcanic 
rocks. The spherule beds commonly contain 10 to 30 times this abundance and, 
thus, cannot be related in any simple manner to volcanic processes. 
Similarly, the spherules cannot be rounded grains derived by the erosion of 
underlying parts of the volcanic sequence [5]. We conclude that the only 
known viable mechanism to account for the extreme iridium enrichment in these 
layers, as well as their other unusual physical and chemical properties, is 
meteorite impacts on the early Earth. 

We are presently seeking additional evidence relevant to the origin of 
these beds, including rare siderophile-element data, more systematic REE and 
platinum-group element coverage of the entire sequence, evidence of shocked 
quartz, and analyses of individual spherules and mineral components in the 
spherule beds. 
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