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Introduction: Our  Moon  is  a  keystone  for 
understanding  inner  solar  system  bombardment 
because  most  of  its  past  cratering  record  has  been 
preserved. Moreover, this record has been temporally 
calibrated  by  associating  crater  densities  of  selected 
terrains with lunar sample radiometric ages [e.g., 1-3]. 
However,  the  bombardment  history  of  large  craters 
(diameter,  D = 50-300 km) has  been poorly studied. 
Previous work by our group [4] has shown that these 
craters  may  have  an  impact  flux  different  from the 
constant  flux  suggested  for  smaller  craters  by  the 
standard chronologies between 0-3.5 Ga [e.g.,  1].  In 
particular,  this  work hinted that  the large crater  flux 
may  actually  have  experience  spikes  and  lulls. 
Furthermore, some craters examined in [4] originally 
designated as Copernican (0-0.8 Ga) or Erastothenian 
(0.8-3.2  Ga)  by  early  mappers  [5,  6]  seem to  have 
older  ages  based  on  our  crater  measurements  using 
new imaging (Lunar Reconnaissance Orbiter, LROC) 
and an improved lunar chronology [7]. However, our 
previous work [4] only examined a very small number 
of  the  Copernican  and  Erastothenian  impact  craters 
between D = 50-300 km. Therefore, to verify whether 
the large crater flux can be characterized by spikes and 
lulls,  we  have  applied  the  techniques  from  [4]  to 
several  more  previously  designated  Copernican  and 
Eratosthenian craters with D = 50-300 km. 

Analyzed  Terrains:  Using  maps  by  [5,  6],  we 
identified  all  Copernican  and  Eratosthenian  craters 
with D = 50-300 km (42 total).  This work compiles 
new crater counts and calculates new model ages for 
18 of these 42 identified large craters (Table 1, Fig. 1). 
We  also  include  in  Fig.  1  the  radiometric  ages  for 
Tycho (0.1 Ga) and Copernicus (0.8 Ga) as determined 
by  others  [see  3]  using  radiometric  techniques  on 
associated Apollo samples. No other radiometric ages 
are included because they have not been convincingly 
associated with any craters in our size range.

Methods: Model ages are calculated for each crater 
in Table 1 using the techniques described in detail in 
[4], and summarized here. First, we determine the size-
frequency  distribution  (SFD)  of  small,  superposed 
craters (D ≈ 0.1-15 km) identified on the floors of the 
larger  craters.  The  superposed  crater  diameters  are 
measured using the crater tool in JMARS for Earth's 
Moon  with  the  wide-field  LROC  mosaic, 
supplemented  by  narrow-angle  camera  images  when 
necessary. We record craters in clusters or chains (as 

determined  by  investigator)  as  obvious  secondaries 
(OSs),  and exclude them from the final  SFDs. Then, 
ages  are  calculated  by  fitting  the  superposed  crater 
cumulative SFD with the Model Production Function 
(MPF;  [7]).  Finally,  the  distribution  of  ages  are 
analyzed in two ways: 1) comparison with older work 
(column  4,  Table  1)  by  representing  the  computed 
model ages with lunar epochs using the divisions given 
in  Stöffler  et  al.  [3]  (column  3,  Table  1);  and  2) 
analysis  of  the  flux  by  plotting  model  ages  both  as 
Gaussians that are centered on the mean age and have 
widths representing the 1σ error,  and as a traditional 
histogram of the mean ages (Fig. 1). 

Results and Discussion: Comparison of this work 
(column 3) to older work (column 4) in Table 1 using 
lunar epochs continues to indicate that  a majority of 
these  craters  may  be  older  than  previously  thought. 
This suggests that updated imaging and analysis may 
provide  new  interpretations  on  ages  of  terrains  and 
impactor fluxes. Furthermore, Fig. 1 continues to hint 
that  between  0-3.5  Ga,  the  impactor  flux  for  large 
craters may not be constant with possible spikes (more 
impacts)  at  ~  0-0.8  and  1.7-2.2  Ga  and  lulls  (few 
impacts)  between  0.9-1.6  and  2.3-3.2  Ga  (Fig.  1). 
However, we have still only examined less than half of 

Figure 1. Gaussian and traditional histograms of ages  
computed  in  this  work.  Each  age  in  Table  1  is  
represented along with the radiometric ages of Tycho  
(0.1  Ga)  and  Copernicus  (0.8  Ga).  Probability  
increases upwards. We note that the decrease in flux  
for ages older than ~3.7 Ga is an artifact due to our  
focus on younger terrains and not real.
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the possible craters of this size that may have formed 
in this time frame. Therefore, conclusions about a non-
constant flux for this time period are still speculative, 
and more work is needed.

Future Work:  To complete this project,  we will 
generate  new  superposed  crater  SFD  and  compute 
model ages for the remaining 24 previously identified 
[5, 6] Copernican and Eratosthenian-aged craters (even 
Tycho and Copernicus).
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Table 1. Computed Model Ages of Selected Craters
Crater Name Age ± 1σ (Ga) Stöffler Epoch1 USGS Epoch2 D (km) Location

Anaxagoras 0.4 ±  0.1 Copernican Copernican 52 74°N, 10°W 

Vavilov 1.7 ±  0.1 Eratosthenian Copernican 99 1°S, 139°W 

Hayn 1.8 ±  0.4 Eratosthenian Copernican 86 64°N, 84°E 

Cavalerius 2.1 ±  0.3 Eratosthenian Eratosthenian 59 5°N, 67°W 

Aristillus 2.2 ±  0.3 Eratosthenian Copernican 54 34°N, 1°E 

Sharonov 2.2 ±  0.3 Eratosthenian Copernican 75 12°N, 173°E 

Aristoteles 2.7 ±  0.8 Eratosthenian Eratosthenian 88 50°N, 17°E 

Kirkwood 2.8 ±  0.5 Eratosthenian Eratosthenian 68 68°N, 157°W 

Theophilus 3.0 ±  0.6 Eratosthenian Eratosthenian 99 12°S, 26°E 

Geminus 3.2 ±  0.4 Late Imbrian Eratosthenian 82 34°N, 57°E 

Finsen 3.4 ±  0.1 Late Imbrian Eratosthenian 73 42°S, 178°W 

Pythagoras 3.5 ±  0.2 Late Imbrian Eratosthenian 145 64°N, 63°W 

Hausen 3.5 ±  0.1 Late Imbrian Eratosthenian 163 65°S, 88°W 

O'Day 3.6 ±  0.1 Late Imbrian Copernican 70 30°S, 157°E 

Robertson 3.7 ±  0.1 Late Imbrian Copernican 90 22°N, 105°W 

Bullialdus 3.7 ±  0.1 Late Imbrian Eratosthenian 61 21°S, 22°W 

Taruntius 3.8 ±  0.1 Early Imbrian Copernican 57 6°N, 47°E 

Birkeland 3.8 ±  0.1 Early Imbrian Eratosthenian 82 30°S, 174°E 
1Epoch associated with ages calculated by this work using boundaries of Stöffler et al. [3].
2Epoch determined by previous mapping in the 1960's and 70's by the USGS [5].
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