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THE DISINTEGRATION OF COMET SHOEMAKER-LEVY 9 AND THE TUNGUSKA 
OBJECT AND THE ORIGIN OF THE AUSTRALASIAN TEKTITES. John T. Wasson, 
Institute of Geophysics and Planetary Physics, University of California, Los Angeles, CA 
90095, USA 

The breakup of comet Shoemaker-Levy-9 during a close encounter with Jupiter called 
attention to the low strength of comets. About 10% of comets disrupt during their first 
perihelion passage, and those that make repeat passages have splitting probabilities only a 
few times lower (1). Upon entering the Earth's atmosphere, most comets (and low-strength 
asteroids) probably, like the 1908 Tunguska object, disintegrate and deposit the bulk of their 
energy in the atmosphere. The deposition and flow of a clast-free melt sheet across a large 
region in Southeast Asia, as indicated by the presence of layered tektites associated with the 
0.76-Ma Australasian event, requires a high-luminosity sky as would result from the accretion 
of a fragmented comet. The energy deposited during the Australasian tektite event was 1 04- 
1 o5 times larger than that deposited by the Tunguska object, and the associated holocaust 
encompassed a region having an area of ~2.1 o5 km2. 

Tektites have chemical and isotopic compositions indicating that they are formed by 
melting well-mixed samples of the continental crust; their physical properties indicate that an 
impact event was responsible for their melting and transport. In contrast to impact ejecta 
associated with known impact craters, tektites were completely (>99%) melted. Such high 
melting efficiency implies a near-surface target that was fine-grained and porous (2,3). 
Layered (or Muong-Nong-type) tektites appear to have formed by flow of a thin melt sheet. 
They are found throughout much of a region = I  100 km long extending from Hainan Island to 
northern Cambodia. Because of the near impossibility of transporting melt 550 km from a 
large (and unknown!) central crater and depositing it clast free, it appears that these melt 
deposits were produced by the multiple impacts of a fragmented body, probably a comet, that 
broke up weeks or months before impacting the Earth (2). 

In the layered tektites the dip of the remanent magnetic moments relative to the 
layering is similar to the present-day dip relative to the surface of the Earth in SE Asia (4). 
This evidence strongly supports the conclusion that the layers formed by flow on the Earth's 
surface. A key question relative to this formation model for the layered tektites is how the 
melt remained hot enough to (a) assimilate all clasts that it inevitably incorporated, and (b) 
maintain a viscosity low enough to allow it to flow for short distances, perhaps half a m. I 
estimate that the required viscosity is 150 poise. The viscosity of tektitic melt increases with 
increasing Si02 content; at the mean Si02 content of SE Asian tektites (72.8%), a 
temperature of 2300 K is required to reduce the viscosity to 50 poise (5). The mean sky 
temperature must have been at this level or above for a few minutes. 

The physics of the atmospheric fragmentation of large accreting objects was recently 
discussed by Hills and Goda (6). 1 will discuss their results in terms of a spectrum of 
cometary fragment sizes that may have resulted from a cometary breakup in deep space 
weeks or months before Earth impact (2). Fragments having radii in the 2-20-m range would 
be expected to undergo additional fragmentation such that essentially all material is brought 
to terminal velocity in the stratosphere. Fragments with masses >200 m will reach the 
Earth's surface with a large fraction of their cosmic velocity and produce craters. 

The mass of the Australasian accretor has been estimated from the Ir fluence 
recorded in Indian Ocean cores and an assumed geographic distribution similar to that of 
tektitic matter to be 3.10'~ g corresponding to a sphere with a radius of 770 m (7). As a 
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The mass of the Australasian accretor has been estimated from the Ir fluence 
recorded in Indian Ocean cores and an assumed geographic distribution similar to that of 
tektitic matter to be 3.10'~ g corresponding to a sphere with a radius of 770 m (7). As a 
working model I suggest that the radius of the largest fragment might have been 400 m and 
that a number of other bodies with radii of 20-100 m reached the Earth's surface with a 
sizable fraction of their cosmic velocity. Perhaps 80% of the original material reached 
terminal velocity in the atmosphere, with a large fraction of the accretional energy con- 
verted to atmospheric heat. A typical cometary velocity is 40 km <'; thus the total accre- 
tional energy of this atmospherically-braked fraction is calculated to be 2.1 02' J. For com- 
parison, the energy deposited in the atmosphere by the Tunguska event was 5.1 016 J (8). 

Because during the brief accretional event the atmosphere does not have time to 
expand, it is appropriate to use the constant-volume heat capacity. The heat required to 
heat 1 cm2 of atmosphere 2200 K (from -300 to ~ 2 5 0 0  K) is 1 .9*106 J. The area covered 
by the melt sheet parental to the layered tektites is not well defined. Recoveries have been 
made over a region roughly 400 X 11 00 km (an area of 4.4.1 o5 km2) but there seems to be 
some patchiness. The actual subtended area is probably 2.1 o5 km2 f a factor of two. The 
heat required to heat the atmosphere above this area is 3.8.10~' J, within a factor of two of 
the amount of heat estimated to have been liberated in the atmosphere by the cometary 
projectile. This agreement is more than adequate considering that there is at least a factor 
of two uncertainty in the estimated mass of the accretor. 

The resulting picture not only accounts for the flow of the melt for tens of cm, it also 
helps to account for the absence of crystalline clasts in tektitic materials. Large amounts of 
dust must have been lifted into the atmosphere during this large-scale accretion event, but 
the dust having sizes small enough to allow heat to reach their centers would have melted 
or become amorphous. Large clasts that were accidentally incorporated into the melt sheet 
are no longer recognizable because of the extensive weathering that has occurred along 
the surface of the glass. 

Carrying this idea further, it seems possible that the bulk of the heat associated with 
the melt sheet could have been introduced radiately into dust injected into the atmosphere 
rather than by compressive (pAv ) heating during crater formation. This still requires that, 
prior to impact, the near-surface materials consisted of fine, porous dust deposits such as 
loess (3). 

The spin-form (or splash-form) tektites are those that obtained enough lateral 
velocity to travel outside the region covered by a melt sheet. Since these were initially 
subjected to the thermal bath, it is plausible that a sizable fraction of their heat contents was 
also introduced radiatively rather than by pAv heating associated with crater formation. 
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