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Observational limits on Catastrophic disruption. S.K. Croft, Lunar & Planetary Laboratory, University of 
Arizona, Tucson, AZ 85721. 

Catastrophic disruption is an oft-evoked event for small, close satellites (Smith et a1.,1982, 1986,1989) 
and asteroids. The impact conditions necessary to cause catastrophic disruption are difficult to constrain 
observationally because the crater formed in such an event is, by definition, destroyed beyond recognition. 
However, a lower bound on the conditions for catastrophic disruption can be set by looking at the largest craters 
remaining on intact bodies. Housen & Holsapple (1990) presented a recent review and discussion of both 
observations and theories of catastrophic disruption, including an estimate of the largest allowable crater on a 
body. On the basis of gravity scaling theory and relevant laboratory data, they suggest that the ratio of the rim 
diameter, D,, of the largest allowable crater on a body of radius, R, is D,/R = 0.64, independent of the radius 
of the cratered body. 

To test this empirical/theoretical prediction with observation, diameters of the largest observed impact 
craters on planets and satellites throughout the solar system were measured and assembled in Table 1. The list 
includes well-recognized impact basins such as Imbrium on the Moon and Gilgamesh on Ganyrnede. Also 
included for comparison are some circular structures whose impact origin and/or dimensions are disputed such 
as Procellarum on the Moon, Basins B and C on Rhea, and the proposed Arden Basin on Miranda (Croft, 1987) 
and the SH De~ression on Proteus. The D./R ratios of these features are eiven in column 6 of Table 1. It is 
immediately aiParent that many of the featires are substantially larger thanvthe theoretical upper limit of 0.64. 

A correction that can be applied to the observational data set is the recognition that the craters used 
to calculate the scaling constants in Housen & Holsapple's result were laboratory-scale simple craters, while the 
structures in Table 1 are, with the exception of Stickney on Phobos, complex craters that underwent enlargement 
relative to the equivalent simple crater. An equivalent simple or transient crater diameter, D,, can be obtained 
for each feature using the empirical correction formula of Croft (1985) using the simple-complex morphology 
transition diameter for each planet. The "corrected simple crater diameters are given in column 5, and the 
resulting D,/R ratios in column 7. The results are approximate since no correction for planetary curvature has 
been made. The D,/R ratios for the smaller icy satellites are probably also lower limits because the extent of 
collapse for craters on these objects is apparently less than for complex craters on the terrestrial planets (Schenk, 
1989). This correction drops virtually all of the ratios to near unity or less, but many ratios are still significantly 
larger than the theoretical value. " 

A physically reasonable correction can also be made to the theoretical value. Housen & Holsapple 
(1990) obtained their largest crater - planet size ratio from the equation: 

where A and p are empirical fitting constants to the laboratory crater data, K, is a constant ( 4 4 )  in the function 
describing the decay of stress with distance from the point of impact, and K, is a constant (wlr/4) describing 
lithostatic stress. The ratio of 0.64 was obtained assuming A (=0.8) and p (=0.55) for impacts into wet sand, 
thought to be the best scaling analog for planetary-scale impacts into non-porous materials. However, using 
equation 1, but inserting the scaling constants A (=0.84) and p (=0.41) from impacts in dry (i.e., porous) sand 
yields D,/R = 1.02, a value in accord with the corrected ratios. The porous scaling constants are probably 
appropriate for small bodies like Proteus, Mimas and Miranda. The latter two are both w15-20% less dense than 
their immediate neighbors suggesting highly porous interiors. 

Taken at face value, the corrected ratio near unity for objects like Miranda and Proteus would suggest 
that they are porous bodies "on the brink": i.e., nearly disrupted. Chasmata on both satellites, perpendicular to 
the axis of the largest impact, might be taken as corroborating evidence of distension and near disruption of the 
satellite. However, several assumptions of Housen & Holsapple (1990) in the derivation of equation 1 weaken 
the conclusion of near disruption. First, the theoretical criterion for catastrophic disruption was removal of 50% 
of the original satellite material (Housen & Holsapple, 1990). The craters in Table 1 did not remove anywhere 
near 50% of the impacted body's material (most would have come from the vicinity of the crater), and thus are 
~ i ~ c a n t l y  smaller than any crater which would remove 50%. Second, the problem solved was the breaking 
and lifting apart of material in the body of the satellite, not the dispersal of the material against its own gravity. 
The specific energy (energy per gram) required for the dispersion of a body's material was estimated by Housen 
& Holsapple (1990) to be ~ 1 0 0  times larger than required for fragmentation and lifting, corresponding to a crater 
~ 3 x  larger than the "largest crater" derived from equation 1. Again ignoring curvature effects, this corresponds 
to a D,/R = 2-3, more like the intuitive criterion for disruption adopted by E.M. Shoemaker in his disruption 
table given in Smith et al. (1982). Third, the constant K, was derived from data obtained in laboratory impacts 
into competent spheres. It is probably ~ i ~ c a n t l y  smaller for impacts into porous materials, increasing D,/R. 
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Finally, the velocities of all material in the interior of a body impacted to near the 50% removal level 
are sufficient to loft everything several tenths of the original body's radius before falling back. This, coupled with 
the rotation of material due to differential motion of material flowing out of the crater and falling back onto the 
surface makes it intuitively questionable whether any pre-impact surface feature would remain on the impacted 
body. At progressively smaller diameters, the disturbance of the impacted body's original surface would become 
progressively smaller, reaching, eventually, the case of a large crater on a relatively undisturbed surface. The 
large number of craters with D,/R ratios near unity, which is apparently significantly smaller than the ratio for 
catastrophic disruption, suggests that this is the approximate limit at which the disruption of the impacted body 
becomes great enough to modify the disrupting crater beyond recognition. If so, the large chasmata and slightly 
irregular shapes of Miranda and Proteus might represent the beginnings of the disruption process. References. 
Croft, S.K.(1985) PLPSC 15th, p. C828; (1987) Rev. Planet. Geol. Geophvs. Prog.-1986, p. 6. Housen, K.R. and 
KA. Holsapple (1990) Icarus 84: 226. Schenk, P.M. (1989) J. Geophys. Res. 94: 3813. Schmidt, R.M. and K.R. 
Housen (1987) Int. J. Impact Enme, 5: 543. Smith, BA. and the Voyager Imaging Team (1982) Science 215: 504; 
(1986) Science 233: 43; (1989) Science 246: 1422. 

Table 1: Crater Diameter - Planetary h d i u s  Comparisons 
Planet/ Radius Largest Basins Diameter 
Satellite - km - Name Dr. kma D_,. kmb D+B Q t  Referencec 
Mercury 2440 Borealis 1530 766 0.63 0.31 Pike (1988) 

2230' 0.91' 
Caloris U40 684 0.55 0.28 

3700' 1.52' 
Matisse- 1250 645 0.51 0.26 

Moon 

Mars 

Repin 1785* 0.73' 
1738 Procellarum 3200 1505 1.84 0.87 Wilhelms (1987) 

South Pole- 
Aitkin (BBB) 2500 1220 1.44 0.70 

Imbrium 1469 m 0.85 0.45 Croft (1979) 
3394 Borealis ~ 7 7 0 0  2680 ~ 2 . 2 7  0.79 W i e l m s  & 

Squyres (1984) 
Elysuim 4970 1850 1.46 054 Schultz (1984) 
Utopia 4715 1770 139 052 McGU (1989) 
Chryse 3600 1405 1.06 0.41 Schultz + (1982) 
Hellas 2295 958 0.68 0.28 Schultz & Frey 

4200* 1.24' 
11 1.0 1.0 

(1990) 
Phobos 11 Stickney 11 Turner (1978) 
Ganymede 2631 Gilgamesh 564 298 0.21 0.11 Is fit, n=33 

943' 036' Is fit, n=  17 
Callisto 2400 Valhalla a1400 645 058 0.27 Croft (1985) 

4CoO' 1.67* 
Mimas 199 Herschel 145+3 116 0.73 058 avge 
Tethys 524 Odysseus 441+14 281 0.84 054 Isfit,n=17 
Dione 559 Amata 169+14 124 0.30 0.22 avge 

Aeneas 154+4 114 0.28 0.20 avge 
Rhea 764 Basin B 550 317 0.72 0.42 Moore + (1985) 

~1400* ~1.83 '  
Basin C 700 389 0.92 051 
Tirawa 324+19 202 0.46 0.26 Isf i t ,n=l l  

Iapetus 718 Basin? ~ 1 0 0 0  6 9 0  ~ 1 3 9  4 . 8 1  Croft & Head 
Oberon 761 Hamlet 208+8 156 0.27 0.20 avge 

Terminator 
Basin 240 176 0.32 0.23 avge 

Limb Basin u500 4330 41.66 4 . 4 3  est. 
Titania 789 Gertrude 303+18 207 0.38 0.26 avge 
Umbriel 585 Limb Dep. u500 d 2 0  4 .85  4 5 5  est. 

Malingee 146+3 112 0.25 0.19 avge 
Mianda 236 Arden(rim) 340 241 1.44 1.02 Isf i t ,n=U 

Arden(recon) 260 192 1.10 0.81 (est.fr. chains) 
Arden(recon) 240 179 1.02 0.76 (30% inc, ffc) 

Proteus 214 SH Depression 255+ 12 189 1.19 0.88 Is fit, n=23 
Theoretical Disruption Limit (Housen & Holsapple, 1990) 0.64 
Estimated Dismption Limit (Shoemaker, 1982) a2 

Notes: a. Rim diameter; primary inward-facing s c q  or "most rominent" rim; * = outermost extent of concentric structures. 
b. Estimated transient crater rim, derived assuming D, = DR.'%:-, where D. is simple-complex transition diameter. c 
Abbreviations: Is = least-squares fit to circle defined by n lat,long points on a sphere; avge = average of two diameters; est. = 
estimate based on one diameter; ffc = floor fractured crater reconstruction based on lunar Taruntius. 
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