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IMPACT VELOCITY AND CHANGES IN CRATER SHAPE, MORPHOLOGY, AND 
STATISTICS P.H. Schultz, Geological Sciences, Brown University, Providence, RI 02912 

The effects of impact velocity on crater size, shape and morphology have not received 
widespread study largely due to the belief that the combined effects of projectile mass and velocity 
are inseparable. Laboratory experiments and reanalysis of planetary crater data, however, 
indicate that velocity effects may be preserved. 
Crater Shape: Laboratory experiments (1, 2) reveal a systematic increase in the crater diameter 
@) to depth (d) ratio (the aspect ratio) with an increase in projectile penetration time expressed as 
the projectile radius (2r) divided by velocity (v). For a constant impact velocity is assumed, then 
derived scaling relations predict different domains for D/d depending on a transition crater 
diameter Dt): (1) D<D : D/d=k,(2) D>Dt: D/cF$~) where 9 v /g, o = .24 .Table I compares 
the observed and calcufated transition mameters for different planets. The exponent o from 
experiments is smaller than observed values for planetary craters where w = 0.5 (Mercury) to 0.7 
(Moon). This disparity may reflect: m ~ d ~ c a t i o n  (floor uplift and enlargement); impactor type 
(comet, asteroid); andlor too low a value from experiments. 
Pit Craters/Basins: Craters on Mars (Fig. 1) and Ganyrnede are characterized by large central 
pits or central peaks with pits (3, 4). Although most studies interpret such pits as expressions of 
impactor-volatile interactions (e.g., 5), both bodies also have relatively low rrns impact velocities 
(<20 krnls). Moreover, craters on the Moon (6)  and Mercury exhibit similar central peak 
morphologies although in fewer relative numbers (Fig. 2). These structures may reflect impactor 
rather than substrate characteristics. 

Figure 3 compares central pits with the gravity-corrected diameters on Mercury, Moon, and 
Mars. Five observations from this study can be made: (a) the martian pit-crater data exhibit no 
dependence on latitude or general terrainlunit type in agreement with previous studies (3); data 
for each planet exhibit very similar slopes, slightly larger than unity; d) data for planets with 
higher rms impact velocities are shifted to larger diameters; and e) data for 2-ring impact basins 
on Mars and Mercury are coincident. The frrst and second observations lessen the direct role of 
volatiles in the formation of such craters. The third through fifth observations can be explained by 
the effects of average impactor velocities. 

Incorporation of impact velocity into the observations requires several assumptions: a) the 
central pit reflects the impactor diameter; b) the pits largely represent the lower velocity impactor 
population; and c) post-impact modification is only weakly dependent on crater size for complex 
craters. The initial assumption is an intuitive leap based on the observations that: central pits are 
found on very different planets; and double pit craters can be found on Mars; and peak impact 
pressures a t  any velocity eventually follow the same decay curve dependent on the distance scaled 
to the impactor size (9). If the central pit reflects a common peak-pressure limit, then its size will 
directly depend on impactor size. The second assumption is based on the observation that the 
relative number of central pit craters is highest for planets with low average rms impact 
velocities. Pit craters comprise 60% of the total crater population on the ridged plains of Mars. 
The third assumption is based on crater models plastically deformed on a centrifuge (10) and 
measurements of crater wall widths (11, 12). This assumption results in each crater a t  a given 
gravity-adjusted diameter to be modified equally, thereby allowing use of laboratory-derived 
scaling relations. Table I1 shows the calculated impact velocities where the experimentally derived 
scaling relations have been applied to the observed pit and crater diameters. If correct, then 2-ring 
basins on Mars and Mercury appear to represent impacts by low-velocity objects with a narrow 
range in dispersion, i.e., prograde heliocentric objects (see Table 11). Such a hypothesis has been 
proposed for late impacting objects on Mercury (15). Croft (4) interprets the anomalous pit craters 
as representatives of the high-velocity end. Although in conflict with the conclusions here, his 
mechanism seems necessary for the other class of pit craters. 
Conclusions: Impactor size and velocity may be reflected in the transition in crater aspect ratios 
for gravity-controlled impacts, the relation between D and Dld, and in crater morphology. A direct 
consequence is that crater production slopes will change a t  different diameters on different 
planets, and perhaps with time. Such inflections are observed (16) for the post-mare cratering 
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populations (Table I). The changes in production slopes do not necessarily reflect changes in 
impactor size distributions or sources but the ratio of impactor size to velocities a t  a given time on 
a given planet. 

The above views may seem heretical since dynamic modifications processes are widely 
believed to destroy most information about crater excavation. These contrasting views may not be 
contradictory but only reflect some of the unique results of impacting large objects (1 km) a t  
relatively low velocities < 20 kmls). 
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Figure 1. Diameter of central pit on Mars as a function of 
crater diameter adjusted for gravity. 
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Flgure 3. Diameter of inner ring as a function of basin 
diameter, adjusted for gravity. Also shown are the 
anomalous pit craters on Ganymede from (4). 
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Figure 2. Diameter of central pits on the Moon and 
Mercury versus gravity-adjusted crater diameter. 

TABLE 11. PREDICTED RELATIVE DERIVED 
VELOCITY' VELI)CIP('. 

PARABOLIC PERlODlC ASTEROIDS RELATlVE ABSOLUTE 
COMETS COMETS (krnjs) 

Earlh 2 4 1 .9  1 1  
M w n  2 4  1 8  1 0  1.0 22 
Mars 1.9 1.1 0.86 0.83 (0.67) 18 (15) 
Ganymcdc 1.2 0 74 0 68 0.37 8.1 

Relalive to h n h - n o m n g  antroldr lmpactlna !he Moon (v = 22 kmk)  
lrom (14) 

. . 

" From pbt d ~ m r t c n  and ruling reilltons 
VUun I. pnrenthnn arc lor 2- 
Ganymcde ntimmitr are lor " r n o % d ~ '  only (4) 
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