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Science Question: Can we obtain a relative age classiication for Eratosthenian 
craters based on its morphology? 
The Study: Morphology in complex Eratosthenian craters is explored 
qualitatively based on morphology and quantitatively based on slope and crater 
volume derived from lunar topography.
Conclusion: Some overlap is observed between qualitative and quantitative 
methods suggesting that relative age classiication is possible. However, robust 
relative age classiication for Eratosthenian craters is challenging and more 
work is required. 

Introduction. The Eratosthenian period is bounded by age of the oldest rayed craters and the end of the Imbrian period (a loose boundary). 
Unlike the Copernican craters, where many freshness signatures persist (e.g. optical maturity, presence of rocks, radar signatures etc.), such 
signatures are nearly muted (in comparison to measurement noise) for Eratosthenian craters (i.e. after 1 By). However, the approximate 
Eratosthenian period is large ( > 2 By) and morphological degradation is expected to leave strong geophysical signatures on the newly formed 
Eratosthenian craters over this geologic time. We contend, that with careful measurements based on lunar topographic data now available, and 
comparisons with qualitative morphological classiication, a relative subclassiication of the Eratosthenian crater is possible. In this new work 
we investigate the degree to which qualitative morphological classiication and quantitative topography based classiication can be reconciled. 
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Conclusion. In the absence of (1) absolute model age from crater counting, (2) relative 
age from maturity indicators (e.g. OMAT and rock abundance), and (3) depth/diameter 
values (which may be used to categorize simple craters, but do not change with freshness in 
complex craters [7]), the morphological descriptors rim crest slope and volume can be used 
to classify between younger and older Eratosthenian craters. The (∆V, ∆Θ) pair appear to 
diverge more at larger diameters (>70km), and the classiication of smaller-diameter craters 
becomes ambiguous. Our study shows that quantitative sub-classiication of Eratosthenian 
craters based on morphology is challenging. Further analysis of complex crater shapes may 
provide better insights for freshness classiication, and will be discussed in future work.

Methods. The crater set was chosen based on the following 
criteria: (1) classiied as Eratosthenian craters [1], 
(2) sharp raised crater rim, 
(3) morphological identiiable continuous ejecta blanket extending 
one crater radius beyond crater rim, 
(4) slope of interior cavity wall close to the angle of repose (~30-
35°), 
(5) large hummocky lat loors, development of wall terraces, 
(6) presence of a central peak, 
(7) and occurrence of impact melt deposits [2]. 
Fifty-two total Eratosthenian craters were chosen for this study, 
inclusive of possibly older craters (up to 3.9 Ga) [3].

Poster in Summary 

Qualitative classiication based on morphology: 
Craters were compared for freshness  based on rim crest sharpness, 
wall degradation, and rim texture [4] to obtain Morphological 
Freshness Classiication (MFC) classes A and B (Table 1), 
representing predominantly rugged and smooth morphology 
respectively. In earlier work using Orbiter IV photographs, Pohn 

Quantitative classiication 
based on slope and crater 
volume: Eroded craters are expected to 
have reduced wall steepness and lesser 
inner cavity volume than fresher craters 
(from degradation and slumping). Crater 
volume and rim crest slope were derived 
from Digital Terrain Models (DTMs) of each 
crater (Lunar Reconnaissance Orbiter 
Camera (LROC) Wide Angle Camera 
(WAC) based DTM; GLD100 [5]). Both 
slope and volume were computed with 
raters at a pixel scale of 400 meters. Crater 
volume was computed by subtracting the 
DTM elevations from a reference plane 
approximately itting the crater rim. Slope 
was computed based on a 3x3 grid with a baseline of ~1km from which the 90th percentile 
statistic, which is eficient in comparing wall slopes of terraced craters [6] was obtained. The 
90th percentile slope is modelled to be a linear function of the crater diameter (Slope = aD 
+ b) and Volume is modelled as a power law ( V = aDb ) based on the computed volumes 
and the crater diameters (Figure 3.). 
Classiication comparisons:  The slope and volumes for the two classes obtained 
qualitatively are plotted and compared separately to identify whether similar trends are 
replicated (i.e. if class A and B craters cluster distinctly with regards to slope, volume). It is 
observed that divergence in volume (∆V) between the two classes is small (and ambiguous) 
with smaller (D <75km) craters, but as the diameter increases, so does ∆V. However, only 
a small number of larger craters are present and more examples are required. The 90th 
percentile represents some of the sharpest slope values in a crater, usually expected to 
lie close to the top of the crater rim wall (rim crest). Crater rim crest preservation is a great 
indicator of the rough age of the impact in Copernican craters [6] (Figure 4). Rim crest slope 
values increase with increasing diameter (Figure 3). The difference in the slopes between 
Class A and B at the same diameter (∆Θ) illustrates that the slope values are correlated with 

Background. Karpinskiy crater 
(D=91km) oblique [8], an example 
of an Eratosthenian crater.
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and Ofield examined 
1,000 young lunar 
craters, inding that 
most can be ordered 
into three classes 
on the basis of the 
planimetric shape of 
their rim crests. [4] 

Figure 2. Class A and B side-by-side comparisons. 

morphology at comparable diameter size, 
especially in craters >70km in diameter. 
However, this trend does not indicate 
age in a crater as strongly as it does for 
Copernican craters, as shown in earlier 
studies[6].

Imagery taken at 125 m/
px, except 2.B (64m/px), 
and 2.A, a NAC mosaic 
taken at 32 m/px [5].
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Figure 5.

Table 2. Crater data set. AMA ages derived from Kirchoff, et al. [3].

Table 1. Morphological Freshness Classiication (MFC) [4].

Figure 4.

Figure 3.

Figure 1. Crater morphology mask used to calculate 
crater volume.
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