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DEPOSITIONAL MECHANICS OF IMPACT-PRODUCED DEBRIS IN THE ARCHEAN 
BARBERTON GREENSTONE BELT, SOUTH AFRICA: Donald R. Lowe, Department of 
Geology, Stanford University, Stanford, CA 94305 and Gary R. Byerly, 
Department of Geology and Geophysics, Louisiana State University, Baton 
Rouge, LA 70803 

Continuing stratigraphic, sedimentological, and geochemical studies of 
the 3.5-3.1 billion-year-old Swaziland Supergroup, Barberton Greenstone 
Belt, South Africa, have substantiated the presence of at least three layers 
of impact-produced debris within the 500 to 700 m thick Fig Tree Group (1, 
2). These layers have been designated S2, which marks the base of the Fig 
Tree Group in southern sections; S3; and S4. Single crystal zircon dating 
using the evaporation technique indicates that the beds were deposited 
between about 3,260 and 3,240 Ma (3). The beds are composed of sand-sized 
spherical particles representing quenched liquid silicate droplets. The 
complete absence of hydrodynamically equivalent irregular lithic ejecta 
suggests that the spherules formed by the condensation of impact-produced 
rock vapor. Preliminary chemical data indicates that the spherules represent 
mixtures of both target basalt and komatiite and bolide chondritic rock. 

The structuring and particle textures within spherule beds S2 and S3, 
when examined regionally, provide a picture of the mechanics of particle 
deposition as a function of environment of sedimentation. Two principal 
sedimentation processes controlled bed properties: (1) the direct fall of 
impact-produced spherules without later current working or transport, and 
(2) post-fall reworking of the fall-deposited spherules by waves and 
currents resulting from impact-produced tsunamis. 

Shallow-water sections are present over large areas of the present 
greenstone belt outcrop. In southern shallow-water sections, spherule bed S2 
is widely present at the contact between the predominantly volcanic 
Onverwacht Group and the overlying, largely sedimentary Fig Tree Group. This 
contact is marked by an upward transition from banded carbonaceous cherts 
showing current sorting of carbonaceous detritus and occasional storm- 
generated breccias of the Onverwacht Group into tuffs, sandstones, and, 
locally, shales of the Fig Tree Group. Although there is abundant evidence 
for non-turbiditic current activity, the overall environment was 
characterized by shallow, but quiet water conditions. Traced along several 
km of outcrop, spherule bed S2 shows rapid variations in thickness and make- 
up. It is absent in many sections, apparently due to erosion in exposed 
areas by the tsunami shortly after deposition. In other areas, often only a 
few hundred meters away and apparently representing more sheltered sites, 
the bed reaches up to 3 m thick and consists of a current- and/or wave- 
worked mixture of locally eroded cherty detritus and spherules. Over large 
areas, the bed is 25 to 30 cm thick, which probably represents a 
value close to its original thickness, and composed of subequal proportions 
of spherules and eroded debris. 

In one southern section 50 to 100 m above the base of the Fig Tree 
Group, S3 is interbedded within a sequence of intertidal and fluvial 
sandstone and conglomerate. The bed is at least 120 cm thick and composed of 
spherules, most less than 2 mm in diameter, mixed with abundant sandy 
detritus eroded from the underlying clastic sediments. 

Deep-water sections are developed mainly in northern portions of the 
greenstone belt. In these sections, quiet-water carbonaceous cherts of the 
Onverwacht Group are overlain by shales and iron-rich and cherty sediments 
of the Fig Tree Group. From a few meters to fifty meters above the base of 
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the Fig Tree Group, turbiditic graywackes appear and persist throughout the 
overlying 1000 m of section. The uniformly deep-water aspect of these 
sections suggests that water depths were at least several hundred and 
possible several thousands of meters. A spherule bed, probably S2 or S3, 
marks the Fig Tree-Onverwacht contact in these sections. The unit is a 
mixture of pure silica spherules up to 4 mm in diameter and silica plus 
phyllosilicate-rich spherules up to 3 mrn in diameter. The spherlues have 
been slightly flattened tectonically in many sections and partially replaced 
by carbonate or silica. Admixed detrital material and evidence for current 
activity occurs in the uppermost few cm of the layer, but the bulk of the 
bed formed by the sedimentation of material falling through the water column 
without reworking. Where tectonic thinning is least, the original bed 
appears to have been 20 cm thick. 

Along the northern margin of the greenstone belt, it is possible to 
trace the basal Fig Tree spherule bed from shallow to deep-water sections 
over a present-day distance of about 40 km. The shallow-water section 
consists of sparse ( 5%) spherules within a breccia bed up to 1 m thick 
composed largely of ripped chunks of blach chert and underlying komatiitic 
volcanic rocks. In a section representing intermediate water depths, the bed 
is 35 cm thick and consists of nearly pure spherules at the base but a 
mixture of current-worked spherules and ripped-up debris at the top. In the 
deepest-water sections, the bed was probably about 20 cm thick originally 
and consisted largely of pure, unreworked spherules. Only in the uppermost 
few cm are there signs of slight current activity and mixing of non-impact- 
produced detritus with the spherules. These transitions suggest that bulk of 
the spherule bed had accumulated before the impact-produced tsunami reached 
the area represented by the present Barberton Belt. In deep water, the 
tsunamis produced gentle, non-erosive currents that worked the upper parts 
of the accumulating spherule beds. In shallow water, the waves were 
considerably more energetic and eroded through the spherule layers and into 
underlying deposits. The presence, at least locally, of a thin layer rich in 
spherules at the tops of the tsunami-worked shallow-water sections suggests 
that the infall of debris continued after tsunami activity had ceased. 

In most shallow-water sections, the current-worked spherule beds show 
breaks, marked either by fine-grained laminations and planes along which the 
beds fracture parallel to stratification, or, in some cases, by the 
deposition of fine-grained homogeneous muddy layers up to 30 cm thick. These 
breaks mark pauses in current and wave activity and suggest the passage of 
several sets of tsunami waves, probably as a result of wave reflection or 
possibly due to a single wave set circling the globe several times. 
Unfortunately, the duration of the quiet water intervals cannot yet be 
estimated. 

The Barberton spherule beds provide detailed information on the 
sequence and relative duration of impact-generated events at sites far 
removed from the impacts. This research was supported by NASA Grant No. 
NAG9-344 from the Planetary Materials program and NSF Grant No. FAR 8904830. 
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