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Introduction:  Recent work by Martin-Wells et al. 

(2021) utilized elevated Diviner Rock Abundance 
signatures to identify distal impact melt deposits 
associated with Tycho crater.1-3   That study used LROC 
NAC-resolution imagery to confirm the presence of 
unambiguous flow morphologies organized into three 
broad categories of cracks, blocks, and margins.  But 
what underlying processes create these morphologies 
and the associated elevated rock abundance signatures?  
Bray et al. (2018) hypothesized that steep slopes, facing 
back toward the parent crater are required in order to 
neutralize the downrange horizontal component of the 
melt’s momentum at impact.4  This reduction of 
horizontal velocity is what allows the discernible 
morphology of the melt deposit to develop.  According 
to the Bray et al. (2018) model, when no such 
topographical “backstop” is present, the large 
downrange flow velocities quickly quench any 
incorporated melt due to the high degree of turbulent 
mixing.4 

With this model and the Tycho impact melts in 
mind, are there melt deposits which do not meet the 
conditions to generate elevated rock abundance, causing 
them to go unidentified?  The morphological 
investigations of Martin-Wells et al. (2021) suggest that 
impact melt may also be incorporated into deposits near 
areas with elevated rock abundance, but without 
elevated rock abundance signatures themselves.  
Extensive, high-resolution imagery follow-up is 
required to search for the small-scale morphological 
signatures of such melt deposits, instead.  This process 
is not only time-consuming but also likely to yield 
incomplete results, overlooking some melt deposits 
entirely.  To address this issue, I present quantitative 
data comparing the slope and maximum rock abundance 
levels at 111 regions of distal Tycho impact melt. 

Data and Methods: Although many of the regions 
identified by Martin-Wells et al. (2021) possess at least 
one distinctive raised margin, such obvious margins 
rarely enclose the impact melt deposit on all sides.  
Instead, in most directions, these deposits grade into the 
surrounding terrain, making the perimeters difficult to 
identify.  After extensive investigation of the 
morphology of these units, a definition based on rock 
abundance contours was established, instead.   

 

 
Figure 1. LROC WAC mosaic showing Wurzelbauer D 
crater.  White contours represent LOLA 1024 ppd 
elevation data.  Red contours represent Diviner Rock 
Abundance (Full Mission) data.  These red contours 
were used to define the edges of distal Tycho impact 
melt deposits with unambiguous flow morphologies 
reported by Martin-Wells et al. (2021). 
 

 
Figure 2.  Maximum Rock Abundance (Full Mission) 
values measured within each melt region polygon, 
plotted against the LOLA Slope value for the 
corresponding 128 ppd pixel.  Grey data points 
represent the raw data from each of the 111 impact melt 
regions.  This raw data was also binned in increments of 
0.02 rock abundance.  Red data points represent the 
average maximum rock abundance and average 
corresponding slope in each bin.  This binned data 
shows a trend toward increasing slopes required in order 
to produced increasing maximum rock abundances. 
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Using the Diviner Rock Abundance (Full Mission) 
layer in JMars, a rock abundance contour of around 0.01 
(in fractional abundance, where 0.01 = 1% and 1.00 = 
100%) was determined to best follow the edge of the 
“elevated” rock abundance signature above the 
background for each impact melt deposit (Figure 1).5  
Polygons were then marked around the outside edges of 
these ~0.01 Rock Abundance contours, resulting in 111 
distinct regions in total. 

Analysis: The JMars Map Sampling tool was used 
to compute the average Rock Abundance (Full Mission) 
and average LOLA 1024 ppd Slope for each polygon.  
The minimum and maximum rock abundances and 
slopes were also extracted using the same tool.  Full 
pixel extractions of the Rock Abundance (Full Mission) 
(128 ppd) and LOLA 1024 ppd Slope (sampled at 128 
ppd) were also performed for each of the 111 polygons.  
The pixel locations of the maximum and minimum rock 
abundance values were recorded, along with the slope 
for each pixel corresponding to these extreme rock 
abundance values within each melt polygon. 

Several trends emerged from this analysis.  While a 
rock abundance of 0.01 seems to be a good cutoff value 
for the boundaries of these impact melt deposits, none 
of the regions investigated displayed maximum rock 
abundance values appreciably less than 0.02.  This 
implies that rock abundances of at least ~0.02 must be 
present in association with the melt deposit or it will not 
be identified by the methods used here.  Recent work on 
the erosion of lunar boulders suggests that such blocky 
material is not retained for longer than a few hundred 
million years on the Moon.6   Therefore, any distal melts 
generated by primary impact events which are not many 
more times older than Tycho itself would not be 
identifiable by elevated rock abundance, alone. 

In addition to the minimum necessary rock 
abundance value of 0.02, this analysis also revealed a 
trend between maximum rock abundance and the slope 
of the corresponding pixel.  When binned in increments 
of 0.02 rock abundance, 49 regions were found to have 
maximum rock abundances between 0.02 and 0.04.  
Another 30 regions had maximum rock abundances 
between 0.04 and 0.06, with 13 regions between 0.06 
and 0.08, 6 between 0.08 and 0.1, 7 between 0.1 and 
0.12, and 2 regions with maximum rock abundances 
between 0.14 and 0.16.  The average slopes associated 
with the data in each of these rock abundance bins were 
12.9°, 14.2°, 15.3°, 17.6°, 19.6°, and 23.2°, 
respectively—as shown in Figure 2.   

These binned data show a clear relationship between 
the maximum rock abundance observed and the slope at 
the locations corresponding to those maximum rock 
abundance levels.  However, the spread in raw data 
indicates a variety of complex influences on rock 
abundance values at the hyper-local scale.  For example, 
the lateral extent of the block-rich deposits relative to 

the size of the Diviner Rock Abundance pixels can skew 
toward lower rock abundance values when the melt 
deposits are very small.  Slopes directly above and 
below the melt deposits along their direction of flow 
also seem to influence the maximum rock abundance 
values observed, with some very high rock abundances 
developing on relatively shallow slopes near the bottom 
of long, steep inclines.   

This effect is evident in the average slopes in the 
highest rock abundance bin—the two regions with 
maximum rock abundance between 0.14 and 0.16 
(Wurzelbauer D 7, maximum rock abundance of 0.15; 
and Maginus 33, also maximum rock abundance of 
0.15) only had an average corresponding slope of 10.8°.  
However, both of these regions are located at the bottom 
of long, steep slopes. These deposits are interpreted as 
melt that flowed down these steep slopes and pooled at 
shallower slopes near the bottom. 

Conclusions: While rock abundances in excess of 
0.14 can be produced on intermediate slopes of around 
10° when located at the bottom of steep slopes, in 
general, steep slopes seem to be necessary in order to 
produce high rock abundances at distal impact melt 
deposits.  Conversely, areas of shallow slope without 
nearby steep slopes do not produce rock abundances 
higher than 0.01.  However, hyper-local steep slopes 
(such as the interior walls of small craters encountered 
by melts in areas of otherwise shallow slope) can 
produce elevated rock abundances that reveal the 
presence of melt deposits where they are not otherwise 
discernible by either morphological or rock abundance 
signatures. 
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