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Introduction:  Impact crater morphology and de-

gree of degradation have been observed and classified 

since the first spacecraft images were taken of the Moon 

[1]. Classification schemes for impact crater degrada-

tion have been developed for several bodies in the Solar 

System based upon a variety of metrics including qual-

itative assessments of crater rim modification, observed 

crater depth, etc. [e.g., 1–6]. For Mercury, multiple clas-

sification systems were developed from earlier lunar 

schemes [1,2] and consist of four or five degradation 

classes that range from fresh to very degraded.  

By characterizing the degradational states of impact 

craters on a planetary surface, even qualitatively, it is 

possible to estimate the relative age of individual geo-

logical features such as tectonic landforms, volcanic 

plains, and major impact events [7]. As part of a sepa-

rate effort to create a global geological map and time-

stratigraphic sequence of Mercury [8], we reviewed 

prior degradation classification systems and established 

a more globally consistent scheme for Mercury’s craters 

(Fig. 1) [9]. For this new scheme, we utilized photoge-

ological analysis of multiple global monochrome image 

mosaics with a variety of viewing and illumination con-

ditions, as well as analysis of topographic datasets de-

rived from stereophotoclinometry. We also subdivided 

observations based on initial crater diameter and mor-

phology [10]. The latter was a key component to the 

analysis as this additional crater property was not incor-

porated in previous classification systems, even though 

it has been recognized that, in general, crater size con-

tributes to the overall appearance of crater features at 

varying degrees of degradation [5,6].  

Rationale for This Study: An empirical approach 

to characterizing impact crater degradation globally is 

limited  by our understanding of external processes and 

parameters that influence impact crater formation (e.g., 

variations in target properties, extent of ejecta deposits, 

etc.) [11]. Of particular concern, ejecta deposits of im-

pact craters appear to affect the morphology of other 

craters nearby. Dubbed “proximity weathering” [7,12], 

this phenomenon is less influential in Mercury’s rela-

tively sparsely cratered (and thus relatively young) 

“smooth plains” regions but has played a larger role in 

crater degradation in more heavily cratered regions. 

If we can study craters that have not been substan-

tially influenced by these external properties and pro-

cesses, we may be able to utilize surface roughness as a 

proxy measurement of crater degradation. Surface 

roughness can be defined as the scale-dependent meas-

ure of topographic change [13]. We investigate whether 

there is a measureable, quantitative difference in surface 

roughness at the kilometer scale of the continuous ejecta 

deposits of impact craters. Since the ejecta deposits of 

Class 2 (C2) and Class 3 (C3)  craters (see Fig. 1) tend 

to be relatively well preserved, we focus on these two 

classes in our study. These classes are roughly corre-

lated with the Mansurian and Calorian stages of Mer-

cury’s time-stratigraphic sequence, respectively [7]. By 

comparing roughness measurements across select cra-

ters assigned to these two classes, we seek to identify 

differences that may represent further evidence of a 

morphological change over time and to test the basis by 

which these craters have been classified [9]. 

Data and Methods: In our analysis, we measured 

the surface roughness of continuous ejecta deposits of 

impact craters on Mercury using several roughness met-

rics including Fourier transform analysis [13]. We se-

lected individual craters that were classified as C2 or C3 

Figure 1. Example of crater degradation in mature-complex Mercurian craters [after ref. 9]. Fresh craters have crisp rims, contin-

uous ejecta, and a continuous field of secondary craters. Heavily degraded craters have little to no topographic relief and are heavily 

overprinted by subsequent primary and secondary craters. C2 and C3 craters are roughly correlated to the Mansurian and Calorian 

time periods respectively. 
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[9] situated within the northern smooth plains (NSP) 

[14] and the Caloris interior smooth plains [15]. We as-

sumed that the target material in which all of these cra-

ters formed is mechanically the same and that none of 

our studied craters have been noticably modified by 

proximity weathering. The thickness of the NSP is 

thought to be ~1.5 km [16] and the Caloris interior 

plains are likely 2.5–3.5 km [15]. At these thicknesses, 

the craters we consider (which range from ~40–95 km 

in diameter) have likely penetrated below the smooth 

plains unit. However, to account for differences in target 

materials, we did not select craters that excavated 

obviously different subsurface deposits (e.g., low-re-

flectance material) [17]. Because older craters (i.e., 

Classes 4 and 5, which are roughly correlated to Tol-

stojan and Pre-Tolstojan time periods respectively [7]) 

are thought to have formed before the emplacement of 

the present-day smooth plains units, no craters in these 

classes were selected for analysis.  

For those craters we did consider, we extract eleva-

tion data from individual altimeter tracks acquired by 

the Mercury Laser Altimeter (MLA) on the MErcury, 

Surface, Space ENvironment,  GEochemistry, and 

Ranging (MESSENGER) spacecraft [18]. MLA tracks 

were selected if they passed through or near the center 

of a crater, if the data points over the crater had a ~400 

m uniform spacing, and if the tracks passed through a 

relatively undisturbed portion of that crater’s ejecta de-

posit (Fig. 2). Individual topographic profiles of crater 

ejecta were analyzed with Fourier transform analysis 

(Fig. 3). In each case, the area of analysis extended from 

the highest elevation on the rim of the crater to one 

crater radius from the rim. We then calculated the root-

mean-square (RMS) height as a means to compare cra-

ters of suspected different classes. Using the acoustic 

dissimilarity index [19] and other statistical methods, 

we compared the power spectrum for the ejecta of each 

C3 crater with that of each C2 crater of similar size. 

Preliminary Results: Our preliminary analysis of 

six craters has returned mixed results in identifying dis-

tinct spectral differences between C2 and C3 craters. It 

appears likely that the ejecta of C3 craters is dominated 

by longer wavelengths than those of C2 craters because 

C3 craters are subject to the rounding of features from 

micrometeorite bombardment for a longer period of 

time [e.g., 7]. Continued assessment of craters within 

smooth plains regions, as well as of craters in Mercury’s 

intercrater plains, will strengthen the basis by which we 

can quantify crater degradation on the innermost planet. 
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Figure 2. (a) Example of a C2 crater with superposed MLA 

track. Elevation points are color-coded, with warm colors being 

higher in elevation. The red line indicates the maximum extent 

of continuous ejecta and the extent of our analysis. (b) Topo-

graphic profile of crater in Figure 2a. Sampling frequency is 

~400 m and analysis is performed on the northern and southern 

portions of the profile, from the highest elevation on the rim of 

the crater to the extent of continuous ejecta. 

 

Figure 3. Example of Fourier transform analysis of northern 

and southern limbs of MLA profile depicted in Figure 2 (anal-

ysis of Class 3 crater shown in blue for comparison). 
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