
Copernican and Eratosthenian Craters
Automated Classification from Normalized Reflectance

R. G Nuno1, P. Mahanti1, A. K. Boyd1, and M. S. Robinson1

School of Earth and Space Exploration, Arizona State University, Tempe, AZ  85281

Current Paradigm

The recent impact history of the Moon is preserved and 
observable as craters with high reflectance rays [1], called 
Copernican craters (see Figure 1).  

With continued exposure to space weathering [2], the bright 
crater rays will darken, their reflectance acquiring the same 
value as the local background [3]. These craters are called 
Eratosthenian craters (see Figure 2).

Introduction

Rationale

Why?
We want to understand the impactor flux history of the inner 

Solar System.

Why the Moon?
By quantifying changes in the Moon’s crater production rates 

and their spatial distribution we can infer the conditions of 
Earth’s space environment through time.

Why automation?
There are LOTS of craters on the Moon; classifying the relative 
ages for all craters on the Moon is a daunting task, albeit a very 

important one.

Figure 2.  Pizzetti W crater is an Eratosthenian aged crater (D = 13.76 km).  Left image is 
portion of WAC 643 nm normalized reflectance map (100 m/px), right image is portion of 
WAC global mosaic (100 m/px).  No crater rays are observed, but its interior has high re-

flectance, and its morphology is crisp at the 100 m/px scale.
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Figure 1.  Giordano Bruno crater is a Copernican aged crater (D = 22.13 km).  Left im-
age is portion of WAC 643 nm normalized map (100 m/px), right image is portion of WAC 

global mosaic (100 m/px).  Crater rays are observed, it has a high reflectance interior, 
and its morphology is crisp at the 100 m/px scale.

Results

Discussion

Can we extend the crater ages database?
• Yes!  We can use NACs to classify smaller (< 5 km) craters.

Is automation reliable? 
• Maybe, need to manually classify more Copernican craters to com-

pare results.

Is it reasonable?
• Because manual classification is needed to compare results, all 

classifications might be completed by the time enough Copernican 
craters are classified...

• Woman hours in classifying 926 craters ~ 6 hours.
• There are 16,631 craters with diameters between 5 and 20 km, at 

latitudes between -50° and 50°.

Results of manual classification:

Results for semi-automated method:Types of craters based on their manual classification:

Objective: create a robust database of crater ages to compare auto-
mated classification results.

1. 926 craters located between latitude range -50° to 50° were ran-
domly selected from LROC’s 5-20 km crater database [4].

2. Craters were manually classified using LROC WAC 643 nm 100 m/
px photometrically normalized reflectance map [5] and WAC 100 m/
px global morphologic map according to the following criteria: 

• Copernican: observable rays and crisp morphology
• In-between: faint rays, and crisp morphology
• Eratosthenian: no observable rays but crisp morphology
• Old: degraded craters
• Unable to Classify: 

1. Odd morphologies - 42 craters
2. Shadows - 10 craters
3. Not well resolved (D < 6 km; ~60 pixels) - 115 craters

Manual Classification
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Mare Highlands Total
Copernican 1 6 7

Eratosthenian 11 98 109
Ambiguous 6 27 33

Older 24 586 610
Unable to Classify 12 155 167

Total 54 872 926

Abstract # 1751

Semi - Automated Method

Preliminary test documented in our abstract using 40 craters from 
Wilhelms’ database showed correct detection efficiency of 90%.  
[Please note that the ‘Copernican’ and ‘Eratosthenian’ labels in Figures 3 and 4 of our abstract were incorrectly 
labeled (detection rate is still 90%.)]

Used same crater list that was used for manual classification, and 
extracted mean reflectance values of 40 concentric rings about the 
center of each crater.  Average values of the rings between 0.5R and 
R, and 2R to 3R are used in our classification.

Name of System Billion Years

Copernican 1.1 to present

Eratosthenian 3.2 to 1.1

Imbrian 3.85 to 3.2

Nectarian 3.9 to 3.85

Pre-Nectarian 4.5 to 3.9

Figure 5. An old crater D = 
19.91 km (left), an Eratosthe-

nian crater D = 16.47 km (cen-
ter), and a Copernican crater 
D = 15.73 km (right).  Top row 

is WAC global mosaic and 
bottom row WAC 643nm nor-

malized reflectance map.

Figure 6. The rings between 0.5R 
and R, and 2R to 3R are averaged 

for each crater.  See Figure 4.

Figure 3.  Mean reflectance values for each classification bin as a function of radial distance from cra-
ter center. There are distinct differences for each classification.  And within each classification there are 
distinct differences in crater location and target material (highlands vs mare). Yellow regions were the 

regions used for our analysis, see Figure 4 and 6.

Figure 4. Classification results for Highlands regions.  The Copernican craters have higher mean reflectance 
than Eratosthenian craters.  A classification line can be drawn by inspection at x = .205.  100% of the Coper-

nican craters are correctly identified, and 99 % of the Eratosthenian craters are correctly identified by this 
method.
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