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Introduction:  Accurate knowledge of the lunar crater-

ing chronology (LCC) is required to derive absolute model 
ages across the lunar surface and throughout the inner Solar 
System [e.g., 1]. Unfortunately, there are only a few data 
points at ages younger than about 3 Ga, and no data points at 
ages older than 3.9 Ga to constrain the LCC. We systemati-
cally performed crater size-frequency distribution (CSFD) 
measurements for Copernicus, Tycho, North Ray, Cone, and 
Autolycus craters to test and improve the LCC [2-4]. 

Results: Cone crater: Although exposure ages of Apollo 
14 samples from Cone crater range from ~12 Ma [5] to ~661 
Ma [6], several studies agree on a formation age of ~25-26 
Ma [e.g., 7-9]. From nine count areas around Cone crater, 
our absolute model age (AMA) is ~39 Ma, consistent with 
previous AMAs varying from ~24 Ma [10] to ~73 Ma [11], 
in addition to the exposure ages.  

North Ray crater: Previous studies [12,13] found cosmic 
ray exposure ages of 50.3±0.8 Ma at North Ray, which agree 
with the cosmic ray exposure results of [14] (48.9±1.7 Ma). 
[15] reported an 81Kr-Kr age of 50.6±3.8 Ma, similar to 22Na-
Ne ages and particle track ages. Microcrater frequencies 
suggest that North Ray formed more than 20 Ma ago [16]. 
Coarse fragments give 38Ar-37Ar cosmic-ray exposure ages 
between 30 and 50 Ma [17]. Thus, [7] concluded that North 
Ray formed 50.3±0.8 Ma ago. For North Ray, four individual 
count areas, as specified by [2], were counted independently 
by two counters, yielding ages of 46 and 47 Ma [1]. 

Tycho crater: Secondary craters from the Tycho impact 
event were suggested to have triggered a landslide at the 
South Massif at the Apollo 17 landing site [17,18]. Samples 
returned from the landslide and the Central Cluster revealed 
exposure ages of about ~100 Ma, which were interpreted as 
the formation age of Tycho crater [e.g., 13, 18-20]. From the 
exposure ages, [13] concluded that Tycho is 109±4 Ma old. 
This age is identical to that of [20], and is similar to an expo-
sure age of 96±5 Ma derived by [19]. CSFD measurements 
on NAC images of four areas on the continuous ejecta blan-
ket (granular material, not impact melt) of Tycho yielded a 
combined AMA of 85 Ma – identical to our average AMA of 
three count areas on the landslide, but slightly younger than 
that derived from CSFD measurements on the ejecta blanket 
using WAC images (124 Ma). CSFDs of [21] yielded an 
AMA of 75 Ma for the ejecta blanket.  

Copernicus crater: A faint ray of Copernicus material 
crosses the Apollo 12 landing site, which led [22] to propose 
that KREEPy glass in the samples was ejected by the Coper-
nicus event, and could be used to date the impact. Exposure 
ages of the glass have an age of 800-850 Ma [23-27]. Radi-
ometric ages also support an age of 800±15 Ma [26,28-29]. 
Analyses of 21 regolith samples show degassing ages of 700-
800 Ma, which give an estimated 782±21 Ma age for the 
Copernicus impact event [30]. We used NAC images to 
count 9 areas on the ejecta blanket, which gave an AMA of 
797 Ma. CSFD measurements for three ejecta blanket areas 

on WAC images yielded a similar age of 779 Ma. Our results 
fit the existing lunar chronology of [3] significantly better 
than their previous counts [3].  

Autolycus crater: Rays from Autolycus and Aristillus 
craters cross the Apollo 15 landing site and presumably 
transported material to this location [e.g., 31,32]. Thus, 
[33,34] proposed that the 39Ar-40Ar age of 2.1 Ga, derived 
from three petrologically distinct, shocked Apollo 15 KREEP 
basalt samples, date Autolycus crater. Aristillus crater is 
younger than Autolycus crater and as a result severely modi-
fied Autolycus crater and its ejecta deposits. Thus, a heating 
event in sample 15405 at 1.29 Ga was interpreted as the age 
of Aristillus crater [35]. The exact timing of the two impacts, 
however, remains under debate because [36] interpreted U-
Pb ages of zircon and phosphate grains of 1.4 and 1.9 Ga 
from sample 15405 as the formation ages of Aristillus and 
Autolycus. If Autolycus crater is indeed the source of the 
dated exotic material collected at the Apollo 15 landing site, 
then CSFD measurements on the ejecta blanket of Autolycus 
crater offer a new calibration point to the lunar chronology, 
particularly in an age range that was previously poorly con-
strained. Using NAC images, we extracted CSFD measure-
ments for 6 areas inside and on the ejecta blanket of Autoly-
cus crater, yielding widely variable AMAs. None of our 
CSFDs yield AMAs that correspond either to the 2.1 Ga 
[33,34] or 1.9 Ga [36] sample ages. This either implies that 
the dated samples are not related to Autolycus or that the 
CSFD measurements are so heavily affected by resurfacing 
and secondaries from the Aristillus event that they do not 
represent the formation age of Autolycus crater. In either 
case, because of these uncertainties Autolycus cannot be 
used as a calibration point for the LCC. 
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