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Motivation: Identifying and characterizing young 

impact crater populations is critical to improve under-
standing of the recent geological history of the Moon, 
as well as the rate at which impact craters degrade and 
the lunar regolith evolves. Investigating impact craters 
from the two youngest geological epochs (the Coperni-
can and Eratosthenian) with recently acquired lunar 
mission data enables re-assessment of the accepted age 
classification scheme for these crater populations (i.e., 
the “Wilhelms classification,” [1, 2]). In addition, the 
higher resolution and increased geographic coverage of 
recent datasets enables craters to be classified to small-
er diameters than previously possible, thus improving 
local stratigraphic assessments and characterization of 
these young crater populations on the Moon.  

Critical outstanding questions regarding the Coper-
nican and Eratosthenian crater populations include (1) 
what is the global abundance of Copernican and Era-
tosthenian impact craters ≥10 km in diameter and (2) 
what are morphologic characteristics of young impact 
craters on the Moon? Answering these questions will 
facilitate investigations concerned with the correlation 
between crater age and regolith evolution, and crater 
age versus crater degradation state [e.g., 3]. Moreover, 
a global investigation of young lunar craters would 
enable the shape of the crater size-frequency distribu-
tion curve for the youngest crater ages to be examined 
in a systematic way. Remotely sensed data obtained by 
the Lunar Reconnaissance Orbiter (LRO), Chan-
drayaan-1, and Kaguya/SELENE missions provide, for 
the first time, an opportunity to conduct a global as-
sessment of the two youngest age classes of impact 
craters on the Moon through correlation of multiple 
contemporary datasets.  

Previous Efforts: Catalogs of lunar crater meas-
urements date as far back as the 1800s, with a primary 
emphasis on crater morphometry. The most complete 
global assessment of the ages of lunar craters to date 
remains the catalog published in The Geologic History 
of the Moon [“GHM,” 1], where relative crater ages for 
craters ≥30 km in diameter were assessed on the basis 
of stratigraphic relations (e.g., superposition, cross-
cutting) and crater morphology (e.g., degradational 
features) using Earth-based, Lunar Orbiter, and Apollo 
images. The “Wilhelms classification,” based on the 
original time-stratigraphic system devised by Shoe-
maker and Hackman [2; Fig. 1], traditionally defines 
Copernican- and Eratosthenian-aged craters as contain-
ing fresh, sharp crater morphologies. The primary 
identifier used to distinguish Copernican- from Eratos-

thenian-aged craters is the presence of ejecta rays and 
topographic freshness [1].  

In 2009, the GHM was updated using Clementine 
images and additional nomenclature [4] to provide a 
reclassification of the ages of craters based on newer 
data. Since 2009, mission data have spurred numerous 
efforts to compile global crater catalogs [e.g., 5–12]; 
however, none of these efforts have re-assessed or ex-
panded upon the original GHM catalog of crater ages. 

Methods: We are currently in the process of classi-
fying all lunar craters ≥10 km in diameter to identify 
the Copernican and Eratosthenian populations using 
from LRO, Chandrayaan-1 (Moon Mineralogy Map-
per, M3), and Kaguya (Terrain Camera) and Clemen-
tine, as the multispectral mosaics are useful to provide 
a direct comparison with the most recent GHM update 
[4]. The updated GHM catalog [4], in addition to more 
recently published crater catalogs [e.g., 5–12], provid-
ed a basis for initial crater identification (e.g., latitude, 
longitude, diameter, accepted nomenclature) and mor-
phology observations (e.g., presence or absence of 
ejecta rays, central peaks, wall terraces, etc.). 

We are using LRO Wide Angle Camera and Ka-
guya Terrain Camera mosaics to detail crater morphol-
ogy and catalog observations related to the crater inte-
rior (e.g., presence of central peak, wall terraces, im-
pact melt ponds) and exterior (e.g., blocky ejecta, im-
pact melt flows, presence of ejecta rays). Topographic 
data from LROC, LOLA, and Kaguya also are being 
used to analyze morphology. 

Factors related to crater maturity are being exam-
ined on the basis of LRO Wide Angle Camera optical 
maturity [13] and Clementine optical maturity [14] 
data. These data assess the degree of space weathering 
of exposed ejecta materials and distinguish between 
freshly exposed ejecta rays and those that have a dis-
tinct composition compared to the surrounding terrain. 
Moreover, optical maturity profiles for Copernican-
aged craters can be derived that may allow further rela-
tive age sub-classification [e.g., 15], thus enabling dis-
tinction of the youngest Copernican-aged craters from 
the remainder of the Copernican crater population. 

LRO Diviner rock abundance measurements [16] 
provide another means to distinguish the youngest Co-
pernican-aged craters from those that are older [e.g., 
17, 18]. Measures of rock abundance in Copernican 
and Eratosthenian craters can thus improve relative age 
assessments. 

M3 multispectral data [19] provide additional in-
formation to distinguish compositional ejecta rays 
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from those reflecting optical maturity [20]. M3 compo-
sitional observations improve upon those made by 
Clementine as the wavelength coverage, in addition to 
higher spatial resolution, enables improved distinction 
between various mafic compositions.  

Mini-RF measurements are used to investigate 
crater properties related to crater degradation. Mini-RF 
Circular Polarization Ratio measurements provide in-
formation about the lunar subsurface that is not readily 
obtained through observations of visible images (e.g., 
ejecta blanket properties including roughness and 
block abundance [21–23], and impact melt flows [24]). 
Additionally, observations of radar dark haloes sur-
rounding impact craters [25] and radar properties of 
ejecta rays can be used to infer regolith properties. 

Implications: Improving our knowledge of the 
chronology of impacts and the stratigraphy of the re-
cent lunar eras is critical for interpreting the evolution 
of airless bodies in the Solar System. To date, no fo-
cused study to asses the Copernican and Eratosthenian 
crater populations has successfully defined ≥10 km 
diameter craters of these epochs in a systematic, multi-
faceted way. With such a database, an improved inter-
pretation of the last ~2 billion years of impacts is pos-
sible via a new size-frequency distribution for Coper-
nican- and Eratosthenian-aged craters, as improving 
the understanding of the contributions to the regolith 

by these craters via correlations of age and degradation 
state. 
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Figure 1. Lunar craters Copernicus (~96 km in diameter, located at 9.62°N, 339.92°E) and Eratosthenes 
(~59 km in diameter, located at 14.47°N, 348.68°E) as imaged in five datasets. From left to right, the 
data with qualitative, relative values are: Global lunar topography from LOLA/Kaguya (high elevation 
in red, lower elevation in blue), Clementine multispectral color ratio mosaic (R=750/415, G=750/950, 
B=415/750), LROC WAC global monochrome mosaic, Diviner global rock abundance (high rock abun-
dance in red, low rock abundance in blue), and Clementine optical maturity (brighter is less mature). 
These datasets, among the others mentioned previously, facilitate the first integrated global assessment 
of Copernican- and Eratosthenian-aged craters on the Moon. 
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