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Introduction:  This study investigates 115 lunar 

impact melt features and determines them to originate 
from Tycho crater.  These melt deposits occur at great 
distances from Tycho crater—well beyond the 
continuous ejecta blanket.  The furthest of these deposits 
are located out to distances of 460 km, about ten crater 
radii from Tycho itself. 

The melt identified here is not uniformly distributed 
within the distal ejecta.  To the northwest, the melt is 
concentrated between 302° and 339° East of North from 
Tycho.  To the southeast, it is found between 131° and 
181° East of North from Tycho.  Its distribution is 
strikingly similar to the “butterfly” pattern of 
continuous ejecta observed at oblique lunar impacts [1].  
The orientation of this pattern is consistent with a 
moderately oblique Tycho impact from the southwest, 
as proposed by other workers [2].  This work seeks to 
better understand the distribution of Tycho impact melt 
within these azimuthal concentrations.  We also propose 
an explanation for the conditions under which this 
incorporated melt is easily identified, and where it may 
be present, but without the distinctive morphological 
markers reported here. 

Data and Methods:  Impact melt flow deposits 
were first identified in LROC NAC products, using the 
web-based LROC Quickmaps tool [3]. The LRO 
Diviner Rock Abundance map was used as a proxy for 
regions in which melt flow features might be found [4, 
5].  More detailed analysis of these impact melt features 
was undertaken with the JMARS desktop software 
program [6].   

The impact melt deposits reported here are only the 
most morphologically-obvious deposits, with 
unambiguous melt flow features such as cracks, ridges, 
and block-rich margins (Figure 1).  Such features were 
typically located along steep, Tycho-facing slopes.  
Morphologies in nearby regions with shallower slopes 
often suggested the presence of additional melt, but in 
ponds or veneers, often in close contact with Tycho 
secondary chains and clusters.  The flow directions 
observed were typically down Tycho-facing slopes. 
Nearly all melt features identified were within 20 km of 
either Tycho secondary crater clusters—identified by 
their herringbone dunes, downrange braided textures, 
and orientation radial to Tycho—or small, fresh crater 
clusters, also inferred to be Tycho secondaries. Due to 
the location of these melts relative to these secondary 
features, we associate them with the Tycho impact. 

 
 

   
 

 
Figure 1.  a) Tycho impact melt flow on the interior 

wall of Lilius C crater, approximately 450 km from the 
center of Tycho crater.  LROC NAC image pair 
M1173007649RC and LC.  The melt flow features at 
Lilius 5, 6, and 7 are located on local slopes between 
16° to 19°, with rock abundance fractions of 0.060, 
0.050, and 0.082, respectively.  The melt flow of feature 
Lilius 5 embays the rim of a small, fresh crater.  These 
small craters along the Lilius C rim are inferred to be 
Tycho secondaries due to their spatial clustering.   b) 
Close-up of the inset area surrounding the Lilius 7 
feature, with distinctive raised flow margins.  Cracks are 
visible, roughly perpendicular to the inferred downhill 
direction of the flow, as well as near the margins 
themselves, where blocky material is common. 

 
Analysis: Using the Diviner Full Mission Rock 

Abundance layer in the JMARS software, the average 
Rock Abundance (in fractional abundance, where 0.01 
= 1% and 1.00 = 100%) was computed within a 250 m 
radius of each melt location.  Using the JMARS slope 
map derived from LOLA 1024 ppd numeric elevation 
data, the average slope within 250 m of each melt 
feature was also calculated [6]. 

The relationship between rock abundance and local 
slope was examined in detail for 115 total features in the 
Heinsius, Heinsius Q, Lilius, Maginus, Wurzelbauer, 
and Wurzelbauer D regions.  In these regions, 57 total 
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features occurred on long inclines, away from the rims 
of Tycho-facing crater walls.  Local slopes on these long 
inclines were typically between 10-25°, with rock 
abundance vales up to 0.08.  The majority of features 
with rock abundances greater than 0.04 were found on 
long inclines, rather than near the rims of Tycho-facing 
crater walls.  In these regions, the overwhelming 
majority of impact melt features with rock abundances 
greater than 0.04 were found on slopes between 10-20°, 
regardless of whether they were on long inclines or near 
crater rims.  Surfaces of nearby shallower slopes were 
often smooth and relatively sparsely cratered—with the 
exception of Tycho secondary craters, which were often 
also present in these nearby regions with shallower 
slopes (Figure 2).  The correlation between flow 
morphology and steep slopes in these distal impact 
melts is consistent with the models of Bray et al. (2018) 
and (2020) for the emplacement of distal impact melt 
from the small lunar crater, Pierazzo [7, 8].  

Conclusions:  We propose the following model to 
explain the distribution of Tycho ejecta facies in our 
study areas: 1) Tycho ejecta containing melt impacts the 
surface.  2) In regions with slopes between 10-20°, the 
forward momentum of the ejecta is reduced due to 
collision with the steep topography, as modeled by Bray 
et al. (2018, 2020) [8].  Characteristic flow 
morphologies result—including the elevated rock 
abundance values used as a proxy to identify Tycho melt 
in this work.  3) Where target slopes are shallower, 
secondary craters and textured debris flow deposits are 
more common.  Fewer distinctive melt flow 
morphologies—such as blocks and raised margins—are 
observed.  Where the veneer of debris with entrained 
melt encounters localized steep slopes, such as the 
interior walls of small craters, distinctive flow 
morphologies may be present. 
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Figure 2.  The spatial relationship between the Lilius 
region of impact melt flow features and two clusters of 
small, fresh craters inferred to be Tycho secondary 
craters.  The impact melt flow features are only present 
on the steep, Tycho-facing slopes of Lilius C, while 
Tycho secondary craters are observed both on these 
slopes and in the flatter areas indicated by green dashed 
lines.  Figure contours represent LOLA 1024 ppd 
elevation [6].  False color represents Diviner Rock 
Abundance fraction [4, 5]. 

2636.pdf52nd Lunar and Planetary Science Conference 2021 (LPI Contrib. No. 2548)


