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MODELING OF SEDIMENTARY BEDFORMS PRODUCED BY IMPACT-INDUCED 
TSUNAMI IN THE -2.6 GA HAMERSLEY BASIN, WESTERN AUSTRALIA: 

Scott W. Hassler, Geological Sciences, CSU Hayward, Hayward, CA 94542, Harry F. 
Robey, Lawrence Livermore National Laboratory, Livermore, CA 94550, and Darian Davies and 
Bruce Simonson, Geology Dept., Oberlin College, Oberlin, OH 44074 

The late Archean Wittenoom Formation (Hamersley Basin, Western Australia) contains a 
widespread sedimentary layer containing sand-sized spherules interpreted by Simonson [I] as 
microkrystites. In the western Hamersley Basin, the spherules form a distinct layer of 
wave-formed anorbital ripples with an average length and height of 53 cm and 1 cm. The ripples 
are the only wave-formed features in Hamersley Basin strata for hundreds of meters strati- 
graphically and hundreds of kilometers in any direction laterally; they record an exceedingly rare 
sedimentation event. Since the layer consists almost exclusively of microkrystites, we 
hypothesize that it was formed by impact-induced tsunami very shortly after initial deposition 
from the impact, with minimal time for background sechments to accumulate. We have tested 
this hypothesis through mathematical modeling of both the propagation of impact-generated 
tsunami into the Hamersley Basin and the sedimentary structures they are capable of producing. 
To allow this modeling, we have calculated bolide diameter, crater size, and the distance 
between the target area and the Hamersley Basin using equations developed by other workers. 
We have also assumed a simple basin model involving impact in the deep ocean and tsunami 
propagation into the relatively shallow Hamersley Basin. Our results indicate that tsunami were 
of appropriate height and period to produce the bedforms observed in the Hamersley Basin. 

Our model starts with the production of tsunami by the collapse of a 40 km diameter 
water crater in the deep ocean. This starting point assumes the following conditions: 

I) Bolide diameter: Melosh and Vickery [2] have suggested melt droplet size is proportional 
to bolide diameter. Reworking equation 8 of Melosh and Vickery [2], given an average 
Hamersley Basin spherule radius of 0.28 mm, and assuming an impact velocity of 20 krnlsec, 
results in a bolide diameter of -2.6 krn. 

2) Crater size: using the crater scaling relationships of Schmidt and Housen [3], employing 
the bolide size and velocity in 1) above, and assuming a bolide density of 3.0 g/cm3 gives a crater 
width of 40 km. This is likely an overestimate of width, as these relationships apply only to 
uniform target materials. We assume crater height to be the average depth of the deep ocean, 
3.76 km. 

3) Distance to target area: using the solid ejecta distribution caIculations of McGetchin et al. 
[4], in combination with spherule layer thickness trends in Hamersley Basin, we estimate that the 
target area was at least 1230 km from the easternmost ripple occurrence in the basin. 

4) Basin model: we assume that the impact took place in the deep ocean (3760 m depth), via 
statistical probability. Hamersley Basin water depth is set at 200 m, after Simonson et al. 151. 
Impact material is coarsest in the northeastern Hamersley Basin; we thus infer the impact was to 
the northeast. On the basis of its present day outcrop area, this suggests that the tsunami traveled 
at least 400 km across the Hamersley Basin. If the deep ocean to Hamersley Basin depth 
transition had an average slope of 4' (the average for modem continental slopes), this gives a 
transition width of 50 km. In summary, we have modeled tsunami propagation through the deep 
ocean for 780 km, across a transition to shallow water 50 km wide, and a further 400 km through 
the Hamersley Basin. 
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The wave modeling follows the work of Le Mehaute [6] on explosion generated water 
waves. The initial surface deformation is taken to be a parabolic crater with a surrounding lip 
giving zero net volume displacement. The collapse of this crater produces a radially 
propagating dispersive wave train which appears at any radial position as a series of wave groups 
(the amplitude envelope is a Bessel function of the first kind) whose amplitude and period 
decrease with time. The leading wave travels at the shallow water phase speed of 11.4 k d s ,  
with subsequent waves traveling more slowly. Waves are first propagated in the deep ocean 
(assuming constant depth) using linear wave theory for 780 km. Conservation of wave action is 
then used to continue the propagation over the 50 km shelf break into the Hamersley Basin. 
Using an empirical breaking criterion, it is found that at the radial location of the shelf break, the 
wave amplitudes are insufficient to cause breaking. Finally, the wave system is propagated an 
additional 400 km in the 200 m deep Hamersley Basin to the site of the observed sedimentary 
layer. 

The creation of bedforms by the wave system is evaluated using criteria established by 
Clifton and Dingler [7] and Wiberg and Harris [8] that identify the appropriate combinations of 
wave period and wave height (both decreasing functions of time) which would produce the 
anorbital ripples observed in the Hamersley Basin. The result of this analysis is a window of 
time beginning approximately 15 hours after the impact during which anorbital ripples consistent 
with the observations could have been formed. The observed height and wavelengths of the 
ripples viewed as a function of the computed wave orbital diameter is also consistent with 
previous measurements from both laboratory and field data. 
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