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Introduction:  Recent work on the lunar chronolo-

gy using Lunar Reconnaissance Orbiter Camera 

(LROC) data has reencountered a curious discrepancy 

in crater size-frequency distribution (CSFD) measure-

ments between impact units that was observed, but not 

understood, during the Apollo era [1,2]. For example, 

at Tycho, Copernicus, and Aristarchus, CSFDs of im-

pact melt pools give significantly younger relative [3,4] 

and absolute model ages [2,5] than the impact ejecta 

blankets, although these two units formed simultane-

ously (e.g., Fig. 1). This effect has also been observed 

at the craters Jackson [1] and King [6,7] (e.g., Fig. 2). 

Possible reasons for the discrepancies include differing 

illumination angles, occurrence of subsequent volcan-

ism, pollution of the primary crater population by sec-

ondary and self-secondary craters, poor statistics due to 

small count areas (<1 km
2
) and difficulty measuring 

small and/or degraded crater diameters, and the effects 

of differing target properties on the size-distribution of 

the small craters (<~1 km diameter)[1,2, and references 

therein]. Previously, we presented empirical evidence 

for target property effects on CSFDs at Jackson crater, 

which are consistent with models of crater diameters 

formed on targets with different properties [1].  

Another approach to investigate the effect of target 

properties on CSFDs is to count craters with diameters 

through the range at which crater scaling shifts from 

strength- to gravity-controlled. If target properties in-

deed have an effect on CSFDs, we would expect the 

CSFDs of the different units to merge at larger crater 

diameters, where target strength no longer plays a dom-

inant role in final crater diameter. On the Moon, the 

transition from strength- to gravity-controlled scaling 

starts at ~300 m crater diameters [e.g., 7]. As a result, 

this test requires a large enough count area to provide a 

statistically meaningful sample of craters >300 m in 

diameter, which was the rationale for earlier work by 

[7] on the King crater impact melt pond. Recent crater 

statistics from King crater [6](Fig. 2) only show a hint 

of the behavior across the scaling transition diameter 

range, because the 23 km
2
 count area contains only 

four craters with diameters >~300 m. Hiesinger et al. 

[2](Fig. 1) presented data for small melt ponds at Ty-

cho with a total area of about 4 km
2 
– too small to pro-

vide statistics for craters with diameters within or 

greater than the range of interest. Here we present an 

extended analysis of the King impact melt pond and of 

the Tycho impact melt sheet, to provide new insight 

into the influence of target properties on CSFDs. 

Data and Methods: We used two pairs of LROC 

Narrow Angle Camera (NAC) [8] images 

(M130863593R/L; M103725084R/L) to count craters 

in a 251 km
2
 area of the King crater melt pond. A 

SELENE Terrain Camera (TC) mosaic [9] was used 

for new measurements on the Tycho impact melt sheet. 

The image data were processed using ISIS [10] and 

imported into ArcGIS, where counting areas and cra-

ters were measured using CraterTools [11]. The 

CSFDs were plotted and fit with CraterStats [12], using 

the techniques described in [12,13]. The derived abso-

lute model ages (AMAs) are based on the chronology 

 
 

Figure 1. CSFDs for Tycho crater give different apparent 

AMAs for impact melt (blue) and ejecta (black) units. The 

impact melt sheet within the crater (red) exhibits both the 

apparent AMAs of the impact melt ponds at small crater 

diameters and the ejecta blanket at larger crater diameters 

with a transition between the two isochrons, consistent with 

the diameter range where crater scaling shifts from 

strength- to gravity-dominated. 
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function (CF) and production function (PF) of [14] for 

lunar craters >0.01 and <100 km in size. The new 

CSFDs are compared with other recent data for King 

[6] (Fig. 2) and Tycho [2] (Fig. 1). 

Results: The CSFD for the Tycho melt sheet is in 

equilibrium at crater diameters of <160 m (Fig. 1). 

From 160-300 m, the CSFD is fit with an apparent 

AMA (29.5±12 Ma; N(1)=2.47x10
-5

) consistent with 

impact melt ponds reported in [2](32.5±2.5 Ma; 

N(1)=2.72x10
-5

). Craters >~300 m diameter move off 

the melt pond isochron to meet both ejecta blanket 

isochrons measured by [2] at diameters of ~500 m. 

New measurements for the large impact melt pond 

to the northwest of King crater follow the previously 

measured impact melt pond isochron [6] at crater di-

ameters <50 m, and at crater diameters >400 m are 

similar to the ejecta blanket (Fig. 2). Craters with di-

ameters from 50-400 m transition from the impact melt 

pond isochron to that of the ejecta blanket of [6]. 

AMAs and N(1) values for the new data are consistent 

with those of [6](Fig. 2). 

Discussion: New measurements collected for both 

the King and Tycho craters, which cover diameters in 

the strength- to gravity-scaling transition range, show 

target property effects can cause significant discrepan-

cies in CSFDs for contemporaneous geological units. 

Self-secondary craters (SSCs) may cause an excess 

of craters on the impact ejecta blanket versus the melt 

ponds resulting in a greater apparent age [5,15,16,17]. 

However, we would not expect to see their effect on 

the melt sheet of Tycho for the following reasons. (1) 

Few SSCs would be expected to form within the crater. 

(2) The impact melt sheet was molten during the time 

that SSCs were forming such that they are unlikely to 

be retained. (3) Modification of Tycho continued after 

SSCs formed, decreasing their likelihood of survival. 

Secondary impacts from subsequent impacts [18] also 

cannot explain the discrepancy because they would be 

randomly distributed rather than clustered on specific 

geologic units. However, our new CSFD for the large 

King melt pond, with an area large enough to avoid 

statistical uncertainties associated with small areas, 

bridges the gap between the discrepant CSFDs, so the 

effect must be unit-specific. Thus, the observed trends 

in the impact melt CSFDs support the occurrence of 

target property effects, rather than self-secondary 

and/or secondary contamination. 

Other aspects of the target that may affect the statis-

tics of small craters include thickness and properties of 

the regolith [19], and layering within the target [19,20]. 

Also, when the scale of the surface roughness is similar 

to the craters being measured, it is difficult to see and 

measure crater diameters. This may cause the surface 

to reach equilibrium sooner than a smooth surface 

(e.g., Tycho impact melt sheet, Fig. 1). 

Understanding the causes of the discrepancies in 

CSFDs of small craters on contemporaneous units is 

important for ensuring the appropriate use of CSFDs 

for the derivation of AMAs and understanding their 

limitations, particularly for young and spatially limited 

geological units. CSFDs of strength- versus gravity-

controlled craters provide a tool for probing the prop-

erties of the target. 
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Figure 2. CSFDs for King crater give different apparent 

AMAs for impact melt (blue) and ejecta (black) units. An 

updated CSFD for the impact melt pond (red) exhibits both 

the apparent AMAs of the impact melt pond at small crater 

diameters and of the ejecta blanket at larger crater diame-

ters with a transition between the two isochrons, consistent 

with the diameter range where crater scaling shifts from 

strength- to gravity-dominated. 
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