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Carbonaceous materials have been associated with spherules formed by impact processes in a
3.24 billion year old greenstone belt in South Africa [1, 2]. Various explanations for the
carbonaceous materials have been proposed and include: (1) original components from the
impact plume condensate and (2) microbial activity [2, 3]. The spherules range from 0.25 to 2
mm in diameter and consist of phyllosilicate minerals (sericite, chlorite), quartz (SiO;), oxides
and sulfides, barite, and (Ni, Cr)-rich spinels [4].

Petrographic and electron microanalytical studies reveal the presence of carbonaceous material
in the sections containing high concentrations of spherules, but not in those with low
concentrations of spherules. Carbon was detected within impact spherules, along spherule
boundaries (Fig. 1) and within microfractures. Carbonaceous matter was detected in areas rich in
quartz (SiO;), but not in areas rich in sericite (KAIy(SizAl)O;9(OH, F);). The boundaries between
the two dominant phases, quartz and phyllosilicates, are very abrupt, and each phase displays a
distinct crystal habit (Fig. 2). Carbonaceous matter was identified along microfractures
separating the two phases (Fig. 3). The spherule bed shows evidence of microbial activity,
including biologically induced microtubular structures and a feature having a physical
morphology similar to cyanobacteria (Figs. 4, 5). While carbon can originate from the cellular
materials of microbes, there is not sufficient microstructural evidence to make this claim without
further research.

EPMA images suggest that the carbon was mobilized from within the spherules during
diagenesis. While there is some evidence for microbial activity, the location of carbon along
microfractures and within the impact spherules suggests the carbonaceous materials were
original to the impact plume condensates, which were then subsequently mobilized by diagenetic
processes. If the carbonaceous components were not original to the impact plume condensates,
the carbon would be more widely dispersed throughout the impact beds, and not just localized to
the spherule interiors and microfractures.
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Figure 1

ESEM BSE image showing quartz and phyllosilicate phases with a microfracture separating
them. Maps of Al, Si, and C are also shown. Note that carbon is located almost exclusively
along the microfracture. Images acquired at 70.0 Pa pressure, 15 keV accelerating voltage.

Figure 3

A) EPMA BSE image
of an impact spherule.
The blue box denotes
the area inside a
spherule in which a
spectrum was
acquired. B)
Spectrum acquired at
15 keV. The spectrum
shows a carbon peak
and a silicon peak.

Figure 2

ESEM BSE image showing the abrupt
boundary between the quartz and
phyllosilicate phases. Brightest minerals
are TiO,. Image acquired at 70.0 Pa
pressure, 15 keV accelerating voltage.

Figure 4 Figure 5

A) EPMA BSE image of structure with
Microbial induced cyanobacteria-type morphology. Image
microtubular acquired at 13 keV accelerating voltage.
structure under PPL. | | B) ESEM of same structure at higher
Pyrite grain is magnification. Image acquired at 70.0 Pa
moved by gas from pressure, 15 keV accelerating voltage with
decay of organics. solid-state BSE detector.
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