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Introduction: The Moon is a standard of compari-

son for rates and styles of impact cratering in our Solar 

System. Its surface preserves cratering events that span 

both ancient highland and younger maria terrains. This 

study utilized Lunar Reconnaisssance Orbiter (LRO) 

data to investigate the characteristics and distributions 

of central peak, wall terracing, flat and fractured floor, 

central pit, multi-ring, floor deposits, nested, and ejecta 

blanket crater morphologies within the eastern hemi-

sphere of the lunar nearside (45˚S-45˚N, 0˚-90˚E). Cra-

ters in this study were cataloged according to location, 

geologic unit, presence or absence of an ejecta blanket, 

and presence of interior morphologies. Morphologies 

were then correlated with each other, crater diameter, 

and primary geologic unit (i.e. anorthositic highlands 

versus basaltic maria). We also investigated the sim-

ple-to-complex transition diameter as a function of 

geologic unit. Our preliminary results suggest that the 

standard morphometric relationships [1] may require 

revision in light of the new LRO data.  

Regional Morphologic Characteristics: We uti-

lized LRO Narrow Angle Camera (NAC) imagery to 

classify interior and ejecta morphologies for 4404 cra-

ters  5-km-diameter within the study region. Crater 

diameters and locations were recorded using crater 

analysis tools within the JMARS Moon application. 

LRO Wide Angle Camera (WAC) imagery was used to 

delineate boundaries between highlands and mare 

units. Data were uploaded into ArcGIS and maps were 

produced showing the distribution of the different 

morhpologies. Our analysis shows that wall terrace, 

central peak, and central pit morphologies more com-

monly form in large, highland craters. 

Central Peaks: Figure 1 shows the distribution of 

central peak craters within the study region. We find 

that central peaks preferentially form in highlands cra-

ters, even with the lower frequency of large craters 

within the maria,. We identified 76 craters with central 

peaks, 62 in the highlands and 14 in the maria. Craters 

containing central peaks ranged in diameter from 13.8 

km to 193.4 km in the highlands versus 24.4 km to 

144.5 km in the maria.  

Wall Terracing: Craters containing wall terraces 

are more common in the highlands. Of the 28 total 

craters with this morphology, 21 were located in high-

lands and 7 were within mare terrain. However, we 

began to see wall terraces form in craters with diame-

ters at around 43 km for both geologic units. Many 

terrace structures showed a significant degree of 

slumping due to wall failure during the modification 

stage of crater formation [2, 3].  

 

 

 

Flat and Fractured Floors: Flat-floored craters 

show a random distribution in both the highlands and 

maria regions. Although this is a morphology com-

monly associated with large craters, a number of 

smaller craters also possessed a flat floored profile. 

Fracturing of the crater floor was prominent around the 

maria perimeter, along the outer edges of  multi-ring 

basins. Such fractures are usually formed through iso-

static adjustment or upwelling of subsurface magma. 

162 craters within the highlands contained floor frac-

tures versus 139 maria craters.  

Ejecta Blankets: Ejecta blankets are common 

around smaller, simple craters, consistent with fresher 

craters commonly being the smaller ones. While there 

are more simple craters found on highlands terrain, the 

flat, smooth nature of the maria made it easier to dis-

tinguish the characteristic ejecta blanket patterns. This 

study found 109 craters possessing primary ejecta: 59 

in the mare and 50 in the highlands.  

Floor Deposits: Floor deposits are a ubiquitous 

morphology in the craters studied. Crater floor deposits 

are typically from ejecta deposits, both from the initial 

impact and from subsequent crater formation, and 

slope failure of the crater wall as a result of mass wast-

ing. The general style of deposits can provide insight 

into the layering of  target material. Many craters with 

floor deposits exhibit a central mound morphology, 

consistent with excavation through an overlying rego-

Fig. 1: Regional distribution of central peak morpholo-

gies for the study area.  
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lith layer where the crater diameter to regolith thick-

ness ratio lies between 4.0 and 7.5 [3]. 

Central Pit and Central Peak Correlations: Nine 

central pit craters were identified within the study re-

gion. These craters preferentially form in the highlands 

(Fig. 2). LOLA topography assisted in defining these 

central pits because they were often difficult to visibly 

distinguish because of crater degradation. Of these 

nine central pits, five are found atop central peaks. 

Central pits are common on Mars, Ganymede, and 

Callisto and have been attributed to melting and drain-

age of subsurface ice during crater formation [4-6]. 

Because the Moon is a volatile-poor body [7], a differ-

ent formation mechanism is suggested. A possible 

model of lunar central pit formation proposes that 

highly brecciated material within the central peak is 

susceptible to heightened mechanical collapase [8].  

 

 

. 

Simple to Complex Crater Transition:  The tran-

sition between lunar simple and complex craters occurs 

at a larger diameter than on Earth due to the Moon’s 

weaker gravitational field. Complex craters are distin-

guished by the presence of features such as wall terrac-

es and central peaks. We separated craters by geologic 

region (highlands and maria) and further divided them 

into craters that possessed no morphology and those 

that had central peaks. These were binned in 5-km-D 

intervals to constrain the transition size (DSC). Our 

results reveal that the presence of central peaks in 

highlands craters begins at about 13.8-km-diameter, 

but central peaks do not begin to dominate until craters 

reach about 25-km-diameter (Fig. 3). A similar analy-

sis for mare craters finds no central peaks in craters 

smaller than 24.4 km. Pike [1] noted that DSC varies 

depending on the criteria used (i.e., depth-to-diameter 

ratio versus presence of central peaks or wall terraces) 

and suggested a transition diameter range of 15-20 km. 

Analysis of DSC in the northwestern region of the 

Moon based on depth/diameter analysis suggests a 

much smaller transition diameter (around 10-15 km 

diameter) [9]. Thus more analysis is needed using a 

variety of techniques to better determine if the com-

monly-accepted transition diameter needs revision. 

What is surprising is that there is no statistical differ-

ence in DSC between highlands and maria terrains. 

 
 

 

 

Discussion: This study reveals some distinct corre-

lations among crater size, geologic distribution, and 

morphology in the eastern hemisphere of  the lunar 

near side. Further analysis is needed to determine if 

these trends are representative across the entire lunar 

surface. Correlations between central peak and pit 

morphologies are plausibly explained by a simple col-

lapse model given the Moon’s lack of subsurface vola-

tiles. Analysis of the presence of central peaks suggests 

a higher DSC than that obtained by depth-diameter 

analysis elsewhere on the Moon, but both techniques 

suggest there is no statistical difference in transition 

diameter between highlands and mare material.  
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Fig. 2: Regional distribution of central pit morpholo-

gies for the study area. 

Fig. 3: Diameters of highlands craters with and without 

central peaks  
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