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Seismic energy from impacts has previously been postulated as a cause for the "weird terrains" 
of Mercury and the Earth's moon (1). These terrains are located antipodal to major basin-forming 
impacts and are thought to represent areas where seismic energy has been focused, creating chaotic 
morphologic features. The formation of an antipodal terrain is predicted by calculations which 
assume several planet-specific parameters, particularly a homogenous silicate interior with set 
seismic efficiency, velocity and attenuation values. Different bodies, particularly the icy satellites of 
the Saturnian and Jovian systems, will have different parameter values. The effect of variations in 
these initial parameters has been investigated in an attempt to answer the following questions: a) 
Can antipodal terrains form on non-silicate bodies? b) Does the morphology of antipodal terrains 
change on planets with different compositions and structures? c) What is the geologic significance 
of the presence or absense of antipodal terrains? d) Will antipodal terrains on icy bodies persist 
over geologic time? These questions were addressed by varying previous assumptions (1) about 
planetary structure, composition, impact energy partitioning, surface processes and seismic 
parameters. The effect of these variations on the predicted existence of antipodal terrains was 
assessed for homogeneous and heterogeneous ice and silicate bodies. Schultz and Gault (1) 
estimated antipodal surface displacement as a function of basin impact energy. If their equations are 
applied to Mimas and Callisto, displacements antipodal to the major basins (Hershel and Valhalla) 
are calculated to be 30 meters and 1 meter respectively. The original equations, however, were 
written specifically for a silicate body with a size, mass, and density of the Moon and are not 
directly applicable to an icy body of different mass and density. To overcome these limitations, the 
equation describing surface displacement (2) was rewritten in terms of a crater scaling law 
applicable to a body of any size, mass or density. This approach yields maximum initial stresses on 
an icy body which are 8.8 times smaller than predicted by a direct application of the Schultz and 
Gault (1) equation. 

Impact-induced seismic activity occurs in two major forms; body waves and surface waves. 
Surface waves are confined to the uppermost portion of the crust. Ground displacement caused by 
Rayleigh waves can be calculated (3). If attenuation is assumed to be negligable, the surface waves 
will converge at the antipode with essentially the same energy and amplitude. Applying this 
concept to Callisto and Tethys, a seismically-induced displacement of 5-10 meters antipodal to the 
major impacts (Valhalla and Odysseus respectively) is meted. 

Body waves, waves which pass through the planet, can cause disruption either by direct surface 
acceleration or by spallation. Ray tracing of seismic energy distribution through the interior models 
discussed above has shown that it is not possible to transfer appreciable amounts of seismic energy 
to the antipode when a significant planetary core exists. The presence of a core, or any form of 
inhomogeneity, causes refractions which considerably decrease the amount of energy reaching the 
antipode. Indirect tensional stresses or spallation, however, can produce antipodal displacements 
porportional to the original impact stress in a homogeneous body for which the planetary surface is 
assumed to approximate a free-air boundary. The formation of a disrupted terrain on a planet is 
dependent on the size of the core, internal layering, and the quality of the boundary between 
internal layers. An antipodal terrain may form from surface wave disruption if the crust is thick 
enough, or from body waves by spallation. Spallation, if present, indicates either the absence of a 
core or a very non-reflective corelrnantle boundary,These factors cannot be defined at this time for 
the icy satellites 

In order to predict whether seismically disrupted terrains on icy satellites should be detectable 
today (assuming they were formed early in the histo7 of an icy body), the geologic processes that 
affect icy bodies over time must be considered. Viscous relaxation, we conclude, is not likely to 
erase the surface expression of a hummocky and furrowed terrain of the type recognized on the 
Earth's moon and Mercury since viscous relaxation of such short-wavelength topography is slow 
compared to the age of the solar system. 
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Resurfacing of icy bodies may also play a role in the impact-induced formation of fissures 
serving as conduits for the rise of water-rich magmas (4). Thus, resurfacing might be induced 
antipodal to a large basin-forming impact, erasing any direct evidence of seismically-disrupted 
topography. Additionally, since resurfacing of icy bodies appears to be common, such activity may 
erase the evidence of an antipodal terrain even when the resurfacing itself is u d t e d  to an impact. 

The antipodal areas of major basin-forming impacts were examined for the occurence of unique 
impact-induced features on all objects for which images are currently available. It was found that 
many possible seismically-disruptedlimpact- genera^ features can be identified (Table 1). Criteria 
for identifying antipodal temins include: 1) the planet has a major impact (crater radius >lo% of 
planetary radius); 2) the antipode of this impact has been imaged and 3) significant erosion has not 
occured since the time of formation of the antipodal features. Nine craters were identified which met 
these criteria: Caloris, Imbrium, Orientale, Sticlcney, Valhalla, Odysseus, Hershel, Izanagi and the 
unnamed Basin " A  crater on Rhea (4). Mercury and the Moon exhibit "weird terrains" features 
such as radially furrowed crater walls, mass wasting and hummocky plains, which require 
moderate resolution images (clkm/pixel) to be identified. In addition, radial lineaments and a series 
of coalescing circular depressions were observed in the antipodal regions of the Caloris impact on 
Mercury. Other candidate terrains include planet-wide grooving radial to an impact, circular 
depressions centered on the antipode and resurfacing at the antipode. The Stickney impact on 
Phobos is problematical. Prominant basin-radial grooves indicate that impact-induced surface 
disruption did occur on the body (5). If the interior of Phobos is assumed to be homogeneous, then 
"weird terrains" should exist. Images with resolutions of better than 10 meterslpixel, however, 
show no indication of furrowed craters or mass wasting at the antipode. 

We found that large impacts can form antqdal terrains on some icy bodies. Thier existence 
implies that the planet has a homogeneous interior (primary requirement for body wave-induced 
seismic disruption), or the planet has a thick crustal layer (surface wave requirement). A thick crust 
however, may significantly reduce body wave contributions, leading to the conclusion that one or 
the other, but not both, processes will be the primary carrier of focused energy on a given body. An 
antipodal terrain, once formed, should persist for billions of years on an icy satellite. Because the 
formation of antipodal terrains is dependent on internal structure, the timing of an impact with 
relation to a planet's internal structural evolution is crucial in determining whether enough energy 
can be transmitted and focused to a point area for the creation of antipodal features. Images of 
antipodal areas often show some evidence of seismic-disruption with weird terrains on terrestrial 
bodies (excepting Phobos) and resurfaced areas on icy bodies. Whether these morphologic features 
have been caused by antipodal focusing of seismic energy remains an open question. 
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Table 1: Dlatrlbutlon of feature* throughout the solar ayatm. 
RIIRb = ratlo of bnpact crater radh~a to planohry radlua 
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