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Introduction: Australasian tektites were formed by impact melting of sedimentary target 
materials'700,OOO years ago [e.g., 1,2]. Australites are distinctive because they consist of a 
subspherical "core" of glass surrounded at one end by a glassy annulus called a "flange". Two 
thermal events are indicated by this relationship. First, the initial impact event by a comet 
or meteorite with the Earth's surface produced the spherical glass core that was propelled 
above the Earth's atmosphere into suborbital flight. Second, the spherules of tektite glass 
subsequently re-entered the Earth's atmosphere and underwent strong heating and ablation to 
form the flange [e.g., 3-81. Although this basic sequence of events is clear, the textural 
complexities that exist within australite flanges suggest that additional information about the 
re-entry phase of these tektites can be extracted by further analysis. For example, 
prominent inclusions up to 400 microns in maximum dimension occur within the flanges of 
australite tektites (Figure I). Although an earlier study [7] clearly showed that these 
inclusions have large compositional ranges, their origin remain obscure. The current 
investigation has targeted two australites for detailed analysis by electron microprobe in order 
to provide additional constraints on the geochemistry and origin of these enigmatic domains 
within the flanges. The working hypothesis is that the flanges can serve as flight data 
recorders that will furnish information about the atmospheric re-entry conditions experienced 
by these tektites. 
Observations. Multiple analyses using a 20-micron electron beam show that the glass within 
the core of the australites is strongly heterogeneous. In contrast, the glass within the flanges, 
exclusive of the obvious inclusions, is significantly less heterogeneous. In agreement with B. 
Glass [7], the compositional range of the inclusions within the flanges is much larger than the 
range of published australite analyses. As seen in the backscattered electron image of an 
australite flange (Figure l), the inclusions are bright features and are trailed by dark streaks. 
Those latter dark streaks are termed "contrails" in this abstract and are observed to be 
enriched in SiO, compared to the host tektite. In contrast, the inclusions are depleted in SiO,, 
Na,O, and K,O, and enriched in TiO,, Al,O,, FeO, MgO, and CaO compared to the host 
tektite. Figure 1 shows that these textural features are coiled in a fashion that is readily 
consistent with an ablative origin for the flange. 
Interpretations: The flange glass, exclusive of the inclusions and contrails, is less 
heterogeneous than the core glass. Whereas the core underwent only one thermal event, the 
flange experienced a second melting that led to a homogenization. However, since the 
inclusions and contrails within the flange are strong compositional anomalies having sharp 
boundaries (Figure l), these textural domains were acquired during re-entry. 

Cassidy [9] reported that the liquidus temperature of an australite tektite is 1347 k 15°C 
and that cristobalite (SiO,) is the first phase to crystallize during cooling. As shown in 
Figure 2, since much of the compositional variation between the contrail and inclusions can 
be described by silica control, these features within the australite flanges appear to be 
droplets of melt that formed during atmospheric entry that flowed backwards over the 
exterior surface of the tektite while under aerodynamic stresses. As the droplet flowed over 
the surface of the flange, it gradually cooled and crystallized cristobalite leaving a silica-rich 
contrail in the wake of the melt droplet. If this view is correct, then the compositions of 
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these inclusions (i.e., melt droplets) suggest temperatures in the vicinity of 1200-1300°C, 
which are considerably less than the surface temperatures proposed by Chapman and Larson 
[5] for the ablative phase of tektite re-entry (i.e., 1900-2400°C). The fact that these 
compositional domains are located deep within the flange also suggests that the thermal 
history of these tektites was more complex than their [5] model. Specifically, these domains 
imply that brief intervals existed during re-entry when the temperatures on the exterior of 
the flange dropped below the liquidus temperature. The flange appears therefore to record 
cycles of high and low temperatures during the re-entry phase. This would suggest that the 
tektites skipped one-or-more times at the top of the atmosphere. Although more data are 
needed (e.g., trace elements via ion microprobe), the melt droplets and associated contrails 
observed in the flanges of australites possess information about the temperatureltime history 
of atmospheric re-entry that will be useful for modelling the physics of their formation. 
Summars The flanges of australite tektites are compositionally and texturally complex. 
Since this complexity bears directly on the temperatureltime history of these objects during 
atmospheric re-entry 700,000 years ago, the flanges can be used as flight data recorders. 
Present data favor the notion that the inclusions and associated contrails observed in 
backscattered electron images are caused by fractional crystallization of melt droplets 
produced on the surface of the flange during aerodynamic loading. If correct, the flanges 
appear to have experienced a temperatureltime history during atmospheric re-entry that was 
more complex than previously thought. For example, these objects may have entered the 
atmosphere at shallow angles causing them to skip one-or-more times yielding high and low 
temperature cycles. Since the phenomenon of atmospheric skipping is a complex function of 
velocity and atmospheric entry angle, the information contained within australite flanges 
could assist in better understanding the physics of tektite formation. 
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