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Introduction: The lunar cratering chronology is 

used to derive absolute model ages (AMAs) for geolog-

ical units across the Moon and throughout the Solar Sys-

tem, using crater size-frequency distribution (CSFD) 

measurements [e.g., 1-6]. The reevaluation and possible 

improvement of the lunar chronology [3,4] can be 

achieved using data from modern lunar missions and ad-

vanced lunar sample analyses [7-10]. We reanalyzed the 

geology and CSFDs at the Apollo 12 landing site using 

Lunar Reconnaissance Orbiter Camera (LROC) images 

and Moon Mineralogy Mapper (M3) spectral data. 

The Apollo 12 landing site is situated on a ray of 

Copernicus crater, oriented in a southwest direction 

across Mare Congnitum [8,9,11]. Thus, Apollo 12 sam-

ples provide two important points for the calibration of 

the lunar cratering chronology: (1) a surface mare basalt 

age, and (2) the age of Copernicus crater via its ray ma-

terial. Stöffler et al. (2006) [6] summarized the Apollo 

12 sample studies and organized them into four groups: 

pigeonite basalt (3.15 Ga), ilmenite basalt (3.17 Ga), 

feldspathic basalt (3.20 Ga), and olivine basalt (3.22 

Ga). Recent studies suggest that, after elimination of 

measurement errors the calculated ages of these samples 

are a few million years older than previously thought 

[7]. Snape et al. (2016) [7] determined crystallization 

ages for three Apollo 12 samples: 12038 (feldspathic 

basalt), 12039 (pigeonite basalt), and 12063 (ilmenite 

basalt) as 3.28 Ga, 3.20 Ga, and 3.30 Ga, respectively. 

The lunar cratering chronology uses the radiometric 

ages of the samples and correlates them with the cumu-

lative number of the craters ≥1 km in diameter or N(1) 

[2-4,6]. On the basis of the blue count area represented 

in Figure 1, Neukum (1983) [3] first estimated the abso-

lute model age (AMA) of 3.60 Ga for the landing site. 

During later studies, Neukum et al. (2001) [4] deter-

mined an AMA of 3.18 Ga on a relatively smaller area, 

around the lunar module. Hiesinger et. al (2012) [8] re-

investigated the CSFDs of young lunar craters and de-

termined a possible AMA of 678 Ma for the ray of Co-

pernicus crater close to the landing site.  

 We performed new detailed CSFD studies, using 

high-resolution image data with various illumination 

geometries, along with topographic and multispectral 

data, which help us to refine the geological understand-

ing of the landing site and to improve the lunar chronol-

ogy.  

Methods: LROC Wide Angle (WAC; 100 m/pixel) 

and Narrow Angle (NAC; 1.1 m/pixel) camera data 

were used to measure the CSFDs. The data were cali-

brated and map-projected in ISIS 3 [12]. The incidence 

angles of the LROC data we used are 73-75°. Within 

ArcGIS, CraterTools [13] was used to measure CSFDs 

around the landing site. Obvious secondary crater 

chains and clusters were avoided; a randomness analy-

sis was used to evaluate potentially unidentified second-

ary crater contamination. CraterStats [13-15] was used 

to plot the CSFDs using the lunar production and chro-

nology functions of Neukum et al. (2001) [4]. For the 

direct comparison of the results with previous studies, 

we used cumulative and relative plots with pseudolog 

binning [4,15,16]. 

The geological units surrounding the Apollo 12 

landing site were mapped based on albedo contrast, the 

LOLA digital elevation model, and by comparison of 

Clementine and M3 spectral data. Apollo 12 sample col-

lection areas and the astronaut traverses were also stud-

ied in the NAC images. In Figure 1, the homogeneous 

count areas represented in red were selected on the 

newly identified geological units. We also mapped and 

re-measured the original Neukum (1983) [3] area on 

LRO WAC data. We compare the newly determined 

CSFD measurements with the updated radiometric ages 

[7] of the samples from the Apollo 12 landing site. 

 Results and Discussion: The CSFD measurements 

surrounding the landing module resulted in N(1) values 

of 5.72×10-4 and 2.81×10-3, and showed two clear 

AMAs of 682 Ma and 3.15 Ga (Fig. 2). We interpret 

these ages to represent the ages of  the Copernicus crater 

ray and the underlying mare unit, respectively. The de-

rived AMA of 3.15 Ga for the mare unit is consistent 

 
Figure 1.  The count areas at the Apollo 12 landing 

site. The blue area that was recounted on LROC 

WAC data is the same as that defined by Neukum 

(1983) for the initial calibration of the lunar chronol-

ogy. The red areas are new count areas using LRO 

NAC data.  

1002.pdf49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)



with the age of pigeonite basalt samples [6]. Hiesinger 

et al. (2012) calculated the AMA of 678 Ma from N(1) 

value of 5.56×10-4 for the Copernicus crater ray near the 

landing site. However, the calculated AMA of Mare 

Cognitum by Hiesinger et al. (2003) is 3.32 Ga from 

N(1) value of 3.30×10-3 [17]. These CSFDs were meas-

ured on Lunar Orbiter IV image, whereas the count ar-

eas were selected on the Clementine data. Together with 

differently selected count areas, this might explain the 

differences in the ages of the basalt unit. 

The re-measured AMA of Neukum’s [3] original 

area (Fig. 1) is 3.60 Ga. The AMAs of the new areas 

counted on NAC data range from 682 Ma to 3.33 Ga. 

These results are younger than measured for Neukum’s 

area, likely because the larger area encompasses differ-

ent geological units with older ages. This area also in-

cludes secondary chains and clusters from compara-

tively younger craters. Our updated AMAs are con-

sistent with the range of somewhat younger pigeonite 

(12039) and ilmenite basalt samples [6,7], i.e. 3.15-3.20 

Ga and 3.17-3.3 Ga respectively. 

During our project, we will complete the high reso-

lution geological map of the landing site and compare 

the sample collection areas with the new geological 

studies. The updated radiometric ages will be compared 

with the newly measured CSFDs to potentially improve 

the calibration of the lunar chronology. In the future, we 

will apply the same method to investigate other landing 

sites. 
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Figure 2. The NAC-scale CSFD measurements at the 

Apollo 12 landing site show two model ages for the Co-

pernicus ray and the underlying mare unit. The results 

are shown as (a) cumulative form with cumulative fits 

for determination of absolute model ages and (b) rela-

tive crater frequency plot of the same distributions. The 

randomness analysis of the count area shows secondary 

crater contamination below 30 m (panel above).How-

ever, our results fit craters greater than 60 m in diame-

ter. 
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