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Introduction: Lunar and planetary stratigraphy re-

lies on accurate absolute model ages (AMAs), which are 

derived from crater size-frequency distributions 

(CSFDs). The decisions made when producing a CSFD 

can vary by researcher, even for identical count areas. 

Variations can occur when identifying primary versus 

secondary craters and measuring crater diameters. 

These differences yield different AMAs. It is essential 

that AMA results be reproducible and consistent be-

tween researchers for the same location on the Moon. 

Ideally, the objective is to remove subjectivity out of the 

CSFD process, however, cratered planetary surfaces are 

subject to many geological processes and are extremely 

varied and complex. One step toward more accurate 

crater diameter measurements is to improve crater rim 

crest identification. We outline criteria (Table 1) in cur-

rent use and examine the use of LROC NAC Digital El-

evation Model (DEM) aspect data as a check on these 

commonly used criteria. 

The northeastern Oceanus Procellarum (NE-OP) 

area of the Moon has garnered great interest with the 

success of the Chang’e 5 (CE-5) sample return mission 

in December 2020 (Figure 1). Multiple researchers have 

examined this area and performed crater counting to de-

termine the mare surface age of NE-OP and the landing 

site [1-9]. Although count areas had varying amounts of 

overlap, there are large AMA variations. We compared 

the craters and associated measurements from two da-

tasets and observed differences in both the craters iden-

tified and the measurements of those craters [10]. 

Data and Methods: Lunar Reconnaissance Orbiter 

(LRO) Narrow Angle Camera (NAC) images [11,12] 

were used to measure craters (>150 m) in twenty-one 

count areas. A NAC DEM for the CE-5 landing site was 

produced by the LROC Team at Arizona State Univer-

sity with image pairs:   M1374407232LE, 

M1374421274LE using Socet Set Ngate v5.5 [13]; the 

precision error is 1.89 m and the horizontal and vertical 

RMS error is 1.37-9.0 m. Absolute model ages were de-

termined for each area [10] based on the cumulative 

size-frequency distribution (CSFD) using the Crater-

stats2 program [14], and the lunar production function 

of Neukum et al. [15]. 

Results and Discussion: Our focus is on the abso-

lute model age of the mare surfaces inside of existing 

mare age unit P58 defined by Hiesinger et al. [1]. We 

defined twenty one count areas within this mare age unit 

[16]. These widely spaced areas were selected to better 

understand the age distribution across the mare and to 

minimize the influence of secondary craters. The model 

ages for our count areas ranged from 1.4–3.5 Ga.  

 
 

 
Figure 1. Chang’e 5 (red/black star) landing site, which is a 

portion of count area #21 [16] in NE Oceanus Procellarum. 

Craters are numbered in the sequence counted. A) NAC DEM 

produced with images: M1374407232LE, M1374421274LE 

[14]. B) Aspect surfaces are color-coded based on azimuth-

facing direction (see legend). 
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Determination of an accurate diameter for every se-

lected crater in each count area is key to an accurate 

mare surface age. We employed multiple criteria (Table 

1) to assure that we correctly identified the crater rim 

crest prior to measuring each crater diameter. We em-

ployed criteria 1-7 (Table 1) for the previous counts 

conducted in NE-OP as a standard practice. Criteria 3-6 

may be employed as quality assurance checks on se-

lected craters to streamline the count process. Here we 

evaluate criterion 8 using a high-resolution NAC DEM 

for the area around the CE-5 landing site.  
Table 1. Criteria for crater rim detection  

# Criteria Description 

1 

Use of shadows to identify the highest elevation (rim 

crest) on four locations around each crater (N-S and 

E-W intersects) 

2 

Observe the change in pixel reflectance from bright to 

dark along each radial between the outer rim and the 

uplifted flanks 

3 
Both east and west solar illumination imagery are 

used 

4 
Verify with multiple images with moderate solar inci-

dence angles (medium to high) 

5 
Crosscheck with very high solar incidence angle im-

agery (very high; 80-89 deg) if available 

6 Measure within a single NAC frame or NAC pair 

7 
Avoid measurement that include encroaching or su-

perposed craters on the rim 

8 
Use aspect data generated from digital elevation 

model (DEM) to verify previous measurements 

Global DEM products (e.g. GLD100 [17], 

SLDEM2015 [18]) have insufficient spatial resolution 

to examine the rimcrest for craters smaller than a kilo-

meter in diameter. A DEM derived from LROC NAC 

images has a higher spatial resolution than the global 

DEM datasets, however, the area covered is smaller and 

the DEMs are less frequently available for an area of 

interest.  

The stereo pair of NAC images for the CE-5 site 

each have a resolution of 0.91 m/pixel; the DEM has a 

resolution of <9 m/pixel (Figure 1A). We examined 

whether there was a disadvantage to using the lower res-

olution DEM for measurements versus the higher reso-

lution source NACs (Table 1, criterion 2). Although, the 

DEM has slightly lower resolution the data are pre-

sented in a manner that clearly shows where the rim 

crest changes aspect (Figure 1B, 2). The aspect surfaces 

are color-coded based on the eight compass directions. 

The crater rim crest is located at the junction of oppos-

ing surfaces, i.e. where the crater interior and exterior 

meet. Unambiguous diameter measurements are made 

at these junctions. 

Although the CE-5 DEM is a small area (<40 Km2), 

the image overlaps with eight craters greater than 200 m 

in diameter in our count area #21 [16] (Chang'e 5 land-

ing site). Five of the eight craters are shown in Figure 1. 

We compared the measured CE-5 DEM crater diameters 

to our measurements and to another researchers meas-

urements [5], who gratefully provided data online to the 

crater counting community. We averaged the eight 

crater diameters from each study. Our average using the 

single NAC image is 1% larger than the NAC DEM di-

ameters; the average for [5] is systematically 18% 

smaller than the NAC DEM diameters. Our crater diam-

eter measurements [16], on average, are closer to those 

determined from the CE-5 NAC DEM than in the other 

study [5]. 

 
Figure 2. Crater #04, located northwest of the Chang’e 5 

landing site. DEM aspect information assists with locating the 

crater rim crest. See Fig. 1 for color-coded aspect direction. 

Summary: The use of high-resolution DEM data to 

determine crater rim crests based on the change in as-

pect leads to improved diameter measurements, which 

directly improves the accuracy of absolute model ages. 

Adding aspect information provides a new tool in the 

criteria for crater rim detection (Table 1).  

This study confirms that researchers may determine 

different absolute model ages for the same area despite 

using the same production function and datasets. The 

crater counting community has a shared interest in pro-

ducing quality model ages as a foundation for all lunar 

and planetary stratigraphy. Improvements in standardi-

zation and data sharing are excellent first steps. 
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