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Introduction:  Accurate knowledge of the lunar 

cratering chronology is critical for deriving absolute 
model ages across the lunar surface and throughout the 
inner Solar System [e.g., 1]. Images from the Lunar 
Reconnaissance Orbiter (LRO) Narrow Angle Cameras 
(NAC) provide new opportunities to investigate crater 
size-frequency distributions (CSFDs) on individual 
geological units at key lunar impact craters. We report 
new CSFD measurements for the Copernican-aged 
Cone crater at the Apollo 14 landing site, which is an 
anchor point for the lunar cratering chronology. The 
lunar chronology is only constrained by a four data 
points over the last 1 Ga, i.e., Copernicus, Tycho, 
North Ray, and Cone craters, and there are no absolute 
age calibration points available between 1 and 3 Ga or 
beyond 3.9 Ga [2]. On the basis of these four young 
craters, a constant lunar impact rate for the last 3 Ga 
was postulated [e.g., 3,4]. Hence Copernicus, Tycho, 
North Ray, and Cone craters are crucial for the deter-
mination of an accurate lunar cratering chronology and 
our understanding of the impact rate in the inner Solar 
System (including Earth) over the last one billion 
years. Previously, we reported our results for Coperni-
cus, Tycho, North Ray [1] and here we report new 
CSFD measurements for Cone crater. 

Cone Crater: Cone crater (340 m diameter) is lo-
cated about 1100 m NE of the Apollo 14 landing site 
on a 90 m high ridge of the Fra Mauro Formation, and 
exhibits a sharp rim [e.g., 5,6,7]. On the basis of 
Apollo 14 seismic experiments, [8] proposed a thick-
ness of the Fra Mauro Formation on the order of 20 to 
70 m. Being 80 m deep [9], Cone crater is expected to 
have excavated mainly Fra Mauro material [6]. The 
ejecta of Cone crater is composed of breccias and a 
wide range of thermal metamorphism effects are seen 
in the ejecta material [9]. Figure 1 shows the four sta-
tions (Dg, C1, C2, C′) from which rock samples were 
returned to Earth [7]. Exposure ages derived from 
those samples were used to date the formation of Cone 
crater. Although there is a considerable range of expo-
sure ages (~12 Ma [10] to ~661 Ma [11]), several stud-
ies of Cone crater samples indicate an age of ~25-26 
Ma [e.g., 2,12,13]. 

Data and Method: We used LRO NAC image 
M114064206L to perform CSFD measurements. The 
image has a pixel scale of 0.5 m and an incidence an-
gle of 58°. The image was calibrated and map-

projected with ISIS 3 [14] and imported into ArcGIS. 
Within ArcGIS, we used CraterTools [15] to perform 
our measurements using techniques described in [16-
19]. The CSFDs were plotted with CraterStats [20], 
using the chronology function (CF) and production 
function (PF) of [4], which is valid in the diameter 
interval of 10 m to 100 km. However, we counted 
down to smaller crater diameters. For our crater 
counts, we mapped several homogeneous areas on the 
ejecta blanket of Cone crater and paid particular atten-
tion to avoid obvious secondary craters. 

 
Fig. 1: LRO NAC image of Cone crater with super-
posed count areas (yellow) and EVA2 track (green) 
with individual sampling stations (black boxes)  

 
Results: On the basis of our CSFD measurements 

we determined an absolute model age (AMA) for Cone 
crater of ~39 Ma, which is in the range of model ages 
derived by previous CSFD measurements that vary 
between ~24 Ma [21] and ~73 Ma [22] (Fig. 2). How-
ever, we found a wide spread of model ages ranging 
from ~16 to ~82 Ma, depending on the location of the 
count area on the ejecta blanket (Table 1). Like [22], 
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we find that the CSFD measurements on LROC im-
ages yield older AMAs than previous CSFDs [e.g., 
21]. However, our results are closer to the older 
CSFDs than to those of [22] and are just within the 
error bars of [23]. Our derived N(1) = 3.26 x 10−5 km−2 

is basically identical to the N(1) = 3.36 x 10−5 km−2 of 
[24]. We find that our summed crater counts (areas 1-9 
combined) can be well fitted with the lunar production 
function. Thus, we do not find strong evidence for con-
tamination with auto-secondary craters as suggested by 
[22] to explain CSFDs with slopes steeper than the PF 
in their data. Comparing our CSFD measurements to 
those of North Ray crater, for which we determined 
ages of 42-60 Ma, we find the ages of Cone and North 
Ray craters to be indistinguishable in our counts. Thus, 
we can confirm earlier findings by [22].  

 
Fig. 2: Comparison of our CSFD-derived AMA (blue 
bar) with previous CSFD measurements [21-23; bot-
tom] and exposure ages [2, 12; top] (red circles). 
 

 
Tab. 1: Sizes, N(D≥1 km), and absolute model ages of 
9 count areas around Cone crater. See Fig. 1 for loca-
tions of the count areas. Last line shows the total of all 
CSFDs and is the age we adopt for our discussion. 
 
Comparing the CSFD results to exposure ages of the 
returned samples we find somewhat older ages (Fig. 
3). However, at least two of our count areas, i.e., units 
5 and 8, produce AMAs that are within the error bars 
of exposure age measurements [e.g., 12]. Six other 
units (2-4, 6-7, 9) fit within two standard deviations to 
the exposure ages [e.g., 12]. Units 4 and 9 were di-

rectly sampled by the astronauts. For these units we 
obtained ages that are 10 and 23 Ma older than the 
exposure ages [e.g., 12]. 

 
Fig. 3: Comparison of AMAs of individual count areas 
and their sum with the exposure age of Cone crater 
([12]; red line) 
 

Conclusion: We find that CSFD measurements 
performed on the ejecta blanket of Cone crater yield 
AMAs that agree well with the exposure ages, consid-
ering the relatively small count areas and the hum-
mocky nature of the ejecta blanket. However, the 
AMAs are generally older than the exposure ages, 
which may be due to the small count area sizes [25], a 
possibly higher recent impact rate [26], some unidenti-
fied secondary craters [22], poor calibration of the pro-
duction function, or inaccurate exposure age dates. 
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