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 Introduction:  When comparing secondary 

impact features of Mercury to those of the Moon 

morphometric differences are observed in the dis-

tribution and character of primary impact ejecta 

These differences include 1) continuous ejecta dep-

osition on Mercury that transition to distinct impact 

craters distally closer to the rims of primary craters, 

2) typically tighter spatial emplacement densities of 

secondary craters on Mercury, 3) a proportionately 

wider range of secondary impact crater diameters 

on Mercury and 4) secondary craters on Mercury 

that are often proportionately larger and more uni-

formly circular. [1, 2, 3, 4, 5]. 

 This study applies a reference template of sec-

ondary impact patterns to compare the influence of 

gravitation in the formation of secondary impact 

features on the Moon and on Mercury and suggests 

additional applications of this methodology. 

 Technique and Analysis Method: Observa-

tional templates are ideal patterns that are applied 

as filters to recorded data.  For example, Bouguer 

anomalies are applied as filters to remove a known 

pattern of terrain elevations. The resulting dataset 

then describes variations from a well-characterized 

dataset that may reveal underlying factors [6]. In 

our study, under each planetary gravitation field, 

templates are defined that would result from ideal 

secondary emplacement processes. Templates of 

ideal secondary impact emplacement features pro-

vide a reference standard that reveals the extent of 

both significant and subtle morphometric differ-

ences between the Moon and Mercury. Templates 

may also facilitate comparisons of morphometric 

differences among similarly scaled secondary im-

pact features on the same planetary body that result 

from factors other than gravitation. 

 Our method is based on the standard model of 

ejecta launch parameters [7 & 8]. For an initial test 

we have designed a set of approximately 500 Ke-

plerian flight trajectories of ejecta fragments that 

would be produced during the formation of a 100 

km diameter crater on a rocky terrestrial planet. 

Individual trajectories are derived from a timeline 

of launch events for the two principal types of ejec-

ta that produce secondary impacts (spallation and 

excavation). Each ejecta test fragment is placed on 

the timeline according to five time-dependent event 

parameters, which are:  1) the radial rate of tran-

sient crater growth that defines the fragment launch 

site distance from the center of the primary crater, 

2) the percentile of cumulative ejecta volume 

launched that defines the volume of ejecta at a giv-

en point on the timeline, 3) the ejection elevation 

angle for each fragment, 4) the ejection velocity for 

each fragment and 5) the fragment size. Zero sec-

onds on the ejection timeline corresponds to the 

moment of impactor contact with the target; 68 

seconds corresponds to the maximum radial extent 

of transient crater formation. Figure 1 shows one of 

these parameters (excavation launch velocity). 

 We apply the same ejection timeline to both the 

Moon and Mercury by varying only the gravita-

tional parameter GM and the spherical radius of the 

two bodies. In both simulations the same test frag-

ments are ejected with exactly the same set of ini-

tial flight vectors and at the same points along the 

timeline. The only differences in the resulting pat-

terns of secondary impacts are due to planetary 

gravitation and, to a lesser extent, planetary radius. 

From each simulated flight we record: 1) secon-

dary impact crater locations, 2) impact angles 

[same as the launch elevation], 3) estimated crater 

size and character, 4) flight durations and 5) peak 

flight altitudes. From these impact records we con-

struct and plot results from a terminal timeline that 

is referenced to the arrival times of secondary im-

pacts. Test trajectories are first computed for Mer-

cury. Then, altering only the parameters of gravita-

tion and spherical planetary radius, we rerun the 

test for the Moon. We overlay and compare simu-

lated patterns of secondary impacts to examples of 

secondary impact patterns associated with 100-km-

class craters on Mercury and on the Moon. 

These comparisons allow us to: 1) assess how 

an ideal secondary impact emplacement process 

plays out sequentially as a dynamic process, 2) as-

sess the extent to which identical datasets of ideal 

ejection vectors play out differently on each plane-

tary body, 3) identify and map the obvious and sub-

tle discrepancies in character where planetary fea-

tures are inconsistent with the predictions of an 

ideal secondary impact pattern. 

 Results: When comparing our test simulations 

to the selected secondary impact features on Mer-

cury and on the Moon, we observe the significant 

role that the greater gravitation of Mercury plays 

[1]. Specifically, our simulations confirm that the 

stronger gravitation of Mercury: 1) accounts for 

higher secondary impact spatial densities due to 

shorter downrange flights of ejecta, 2) strongly im-

plies a proportionately closer distal radius of con-

tinuous ejecta deposition and closer proximity of 

distinct secondary craters surrounding primary cra-

ters, 3) confirms that ejecta trajectories on Mercury 

are more likely to emplace circular impact features 

due to the greater proportion of higher-velocity 

1609.pdf43rd Lunar and Planetary Science Conference (2012)



secondary impacts that fall closer to primary craters 

and 4) reveals that the Moon is exposed to ap-

proximately 20% to 30% fewer secondary impacts 

from the same test event due to lower lunar gravity 

which permits a larger portion of lunar ejecta to 

escape into space (Fig 1). 

 Discussion and Implications: Simulated pat-

terns of ejecta predict differences of secondary 

ejecta patterns due to gravitational differences of 

the Moon and Mercury. This, however, does not 

account for differences in the character of ejecta 

emplacement patterns on the same planetary body 

that result from events of similar magnitude. 

Through the application of an ideal template pat-

tern, we may compare ejecta patterns among craters 

of similar sizes on the same body to a fixed refer-

ence in order to characterize obvious and subtle 

deviations in character. 

 For example, the distribution of secondary im-

pacts features that surround two similar craters on 

the same planet may appear nearly identical in spa-

tial density, yet the distribution pattern of secon-

dary impacts may deviate subtly. To assess these 

differences, areas of deviation in character may be 

observed in newly acquired data from the MES-

SENGER spacecraft to assess differences of sub-

strate characteristics in greater detail [9]. 

 Since gravity is nearly identical planet-wide on 

each body, the observed differences of morphome-

try among craters of similar ages and sizes are due 

solely to other factors. These factors may include 

impact velocity, local crustal co-

herence/strength due to volcanic 

intercrater and smooth plains, and 

impactor composition. For exam-

ple, the range of potential impact 

velocities at Mercury is significant. 

These velocities vary from 15 to 80 

km/s with a mean of 30 km/s [10], 

whereas the Earth/Moon system is 

typically exposed to impact veloci-

ties of 10 to 50 km/s with a mean 

of 20 km/s [11].  The wider range 

of potential impact velocities on 

Mercury (65 km/s versus 40 km/s 

at the Moon) may account for 

wider morphometric differences 

among similarly sized craters on 

Mercury.  As the morphometry of 

higher-velocity impacts is better 

understood, templates may then be 

designed that select for narrow 

ranges of impact velocity patterns and may be used 

to gauge impact velocities. 

 Conclusions: The gravitational differences be-

tween the Moon and Mercury are sufficient to ac-

count for significant morphometric differences of 

secondary impact patterns when comparing the two 

planets.  The subtle differences in the character of 

secondary impact patterns from craters of similar 

size on the same planetary body may be assessed by 

comparison with a fixed template that represents 

ideal patterns of ejecta distribution. 
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Figure 1 simulates a plausible timeline for the launch veloc-

ity of ejecta from a 100 km diameter crater formed by an 

impactor arriving at ~20 km/s.  After ejection from the pri-

mary crater, fewer ejecta fragments would return to the sur-

face of the Moon than to the surface of Mercury. 
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