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Introduction: Ages for impact craters on the Moon 

are typically established using a combination of relative 

dating methods (e.g., superposition) and radiometric 

age determination from returned lunar samples. Here, 

we use boulder-size frequency distributions and 

knowledge of rock abundance around young impact cra-

ters to constrain the age of Vaughan crater in northern 

South Pole-Aitken Basin (41.41° S, 171.85° W; Fig. 1). 

Recently named after Dorothy Vaughan [1], this 3 km 

diameter crater is in an area for which Lunar Prospector 

gamma-ray spectrometer data provide a good match to 

the composition of lunar meteorite Dhofar 961 [2]. 

Because of the gradual degradation of exposed boul-

ders, boulder population densities decrease as craters 

age [3], with boulder populations reaching background 

levels in about 1 billion years [4]. Previous studies of 

boulder degradation rates have found that, for craters < 

1 km in diameter, few boulders remain at craters older 

than a few hundred Ma [5]. Therefore, the presence of 

boulders around a crater is a good indicator that the 

crater is young. Lunar Reconnaissance Orbiter Camera 

(LROC) Narrow Angle Camera (NAC) images [6] pro-

vide high-resolution image data for measuring boulders 

around lunar impact craters. We compare NAC-derived 

boulder distributions from six craters of known ages [7] 

with the boulder distribution at Vaughan crater, along 

with thermophysically-derived rock abundance, to con-

strain its age. 

Methods: We use Crater Helper Tools in ArcMap 

to identify and determine the size of boulders, and the 

haversine formula to compute distance from the rim of 

Vaughan. Using NAC images with 0.5-1.0 m/pixel res-

olutions, the smallest boulders that we identify with 

confidence are ~1-2 m.  

We use cumulative boulder-size frequency distribu-

tions (BSFDs) as our tool for comparing boulder distri-

butions across craters. BSFDs display the number of 

boulders at each recorded size surrounding the crater of 

interest, and inform how the frequency of ejected boul-

ders varies as a function of distance from the crater rim 

(in units of crater radii). Boulder distributions around 

six craters (< 1 km in diameter) with known ages (2-200 

Ma) were analyzed by [7], and we use these for compar-

ison with Vaughan.  

Diviner Rock Abundance: In addition to NAC 

counts, we use Diviner rock abundance (DRA) to quan-

tify the rockiness of Vaughan’s ejecta. DRA measures 

the areal density of boulders covering the surface using 

thermal data from LRO’s Diviner Radiometer [3]. Fol-

lowing the methods of [4], we take the 95th percentile 

rock abundance value (RA95) of the ejecta within one 

crater radius and plot histograms showing the distribu-

tion of DRA values.  

Results:  For Vaughan, our count site is defined by 

a western slice with an area totaling 62.3 km2 (Fig. 2); 

we assume this area to be representative of the boulder 

field surrounding Vaughan. The abundance of boulders 

decreases with increasing distance from the crater rim; 

we count boulders out to ~13 crater radii. When fit with 

a power-law function, the BSFD for Vaughan gives a 

relatively shallow slope and reveals that Vaughan has a 

high cumulative frequency of boulders relative to other 

young craters (Fig. 3). 

The RA95 value from the rim of Vaughan to 1 crater 

radius is 0.072, interpreted as 0.72% of the surface cov-

ered in boulders. RA95 values for background regolith 

and for the ejecta blanket were plotted using histograms 

and are shown in Fig. 3.  

Discussion: The BSFD plot for Vaughan is slightly 

shallower than what we find with the count sites from 

[7], but it matches well with results demonstrated in pre-

vious studies [5;8-9]. This shallowness may be attribut-

able to Vaughan’s slightly larger size compared with the 

other sites, which should result in the excavation of 

more large fragments than for a smaller crater, given 

~equal regolith thickness. The shallower slope may also 

be a result of impact conditions (e.g. velocity); smaller 

impact velocities may allow a crater to retain larger 

boulders, owing to less fragmentation during impact 

[10]. The presence of large boulders decreases as craters 

age [11], so the higher cumulative frequency of larger 

boulders at Vaughan is further evidence that this crater 

Figure 1: Vaughan crater (41.41° S, 171.85° W) on 

the lunar farside.  
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is very young. North 

and South Ray craters 

are young relative to 

the estimated time re-

quired to break down 

boulders [5]; therefore 

they still retain many 

of their boulders. 

Vaughan’s BSFD 

placement near these 

two young craters is 

an additional indica-

tion of its young age.  

The RA95 value for 

Vaughan, 0.072 is 

quite high compared 

to the background 

value, 0.004.  Though 

an exact calibration 

for small craters has 

not yet been estab-

lished, and regolith 

thickness certainly 

plays a role for small-

crater boulder produc-

tion, the difference 

between the RA95 

value for Vaughan’s 

ejecta and the nearby 

regolith indicate that 

Vaughan is indeed 

young. Based on its 

place ment within the 

BSFD comparison 

plot, we estimate 

Vaughan’s age to be 

<25 Ma.  However, 

owing to variations in 

impact energy, terrain 

type, and regolith 

thickness, further 

analyses of boulder 

distributions around craters of similar size and terrain 

type to Vaughan are necessary to further constrain its 

age. By evaluating variations in boulder distributions as 

a function of crater properties, we will be able to im-

prove upon the method of using boulder distributions as 

an additional technique for placing approximate ages on 

lunar craters in the absence of ground-truth age data. 
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Figure 3: (Left) BSFDs of Vaughan and the six comparative sites (see [7]). BSFDs show 

that young craters have higher boulder populations; each distribution is fit with a power-

law function. (Upper Right) Histogram of RA values for Vaughan, out to 1 crater radius. 

The RA95 value for this region, 0.072, suggests Vaughan is very young. (Upper Left) Histo-

gram of RA values for the background regolith near Vaughan. 
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Figure 2: Distribution of boulders (yellow) as a function of distance from the rim of 

Vaughan, in units of crater radii. 
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