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Introduction: Continuous impact melt sheets are
not particularly ‘rocky’ in thermal inertia maps, and
general lack of elevated night-time temperatures over
impact melts was known well before the NASA Lu-
nar Reconnaissance Orbiter (LRO) mission from Earth
based observations ([1]). LRO observations enable con-
trasting the visual evidence of general absence of rocks
within the perimeter of the impact melts (from LRO
Narrow Angle Camera (NAC) [2]) against the ther-
mal properties (from LRO Diviner [3]) of sample ar-
eas. Overlapping observations between the NAC and
Diviner instruments show the correlation between the
areal rock fraction (termed Rock Abundance; RA) de-
rived using Diviner observations and density of blocks
(> 1 meter diameter). Typically, impact melt is found
deposited over the proximal continuous ejecta, and the
RA computed over impact melts is low (e.g. extensive
impact melt at King crater [4, 5]). At places where RA
is high, excavated blocks are generally visible over melt
deposits. Accordingly, in studies involving RA mea-
sures, impact melt areas are typically excluded to pre-
serve the overall statistics [5]). Here, we show that this
qualitative correlation is not consistent at impact melt
fractures outside the crater rims, and specifically at im-
pact melt veneers of Copernican craters. Areas adjacent
or nearly adjacent to these fractures can be shown to
typically have high RA. In this work, we discuss possi-
ble causes and implications of such observations in the
context of large (D > 10 km) Copernican craters.

Methods and Observations: Impact melt flow
can be seen outside the southern rim of Giordano
Bruno (Figure 1A) a Copernican-aged crater (35.9°N,
102.8°E). From NAC images, the melt region does not
show large number of rocks, but clearly shows fractures
on the surface. However, the RA of the same sample
area on impact melt (Figure 1B) is high (deep red is very
high RA, deep blue is very low). Fractured impact melt
can also be seen outside Necho, a Copernican-aged, 30-
km diameter crater on the far side of the Moon (5°S,
123°E). The sample area (Figure 2) is located on the
eastern side, outside the crater rim. In this case, several
gradations of RA can be seen (Figure 2, A to D), and the
NAC image in the background has a pixel scale of 2 m.
Zooming-in on the sections B and D, rocks can be seen
clearly in B while D does not show rocks but widespread
fractures. The color gradations show that the fractured
impact melt region has higher RA than the one where
rocks are visible. Typically such observations could be
made only for Copernican craters.

Figure 1: Giordano Bruno crater. (A) NAC image (B) Di-
viner RA map for the same region

Discussions: After formation, impact melt flows
outside the crater rim forming veneers near the rim and
often, over the already emplaced proximal ejecta. Cool-
ing and crystallization of high-temperature melts lead
to the formation of igneous rocks [6]. During this cool-
ing and solidification process however, change in melt
volume and shape of the crater during formation causes
fractures to develop. Fracture development in the early
stage [7] typically depend on (1) temperature - the dif-
ference between the melt and ambient temperatures, (2)
material of melt - the coefficient of thermal contraction,
(3) shape - the geometry of the cooling volume, and (4)
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Figure 2: Fractured impact melt near Necho. Rock-
abundance overlayed on NAC images (Red = high RA, blue
= low RA. Enlarged regions B D on right)

container physical property - the resistance to contrac-
tion provided by the surrounding rock. In later stages,
thermal stresses, isostatic rebound and subsequent im-
pacts can cause these fractures to become more exten-
sive, leading to the formation of tightly clustered blocks.
Meteoritic bombardment and seismic activity can dis-
lodge blocks, widening the intra-cluster gaps. Many
of these fractures are visible in NAC images and high
RA values are often spatially associated with these frac-
tured impact melts, while the density of visible rocks
may be quite low. The fractures develop over time -
in some impact melts the fracture-depth can be shallow
(Figure 3A) but in some, the fractures can be deep and
extend very close to the preexisting target on which the
melt was emplaced (Figure 3b). Thus while solidify-
ing as melt sheets, deep fractures can form blocks of
igneous rocks that exhibit textures and mineral compo-
sitions that are identical to typical endogenic volcanic
and intrusive rocks. Such blocks would be outlined by
the visible melt fractures and for large blocks (> 1m)
the corresponding RA can be high.

Deep fractures forming tightly clustered blocks is
more probable at melt veneers since veneers are rela-
tively thinner. Conversely, for thicker sections of melt,
e.g. at melt ponds, fractures may not easily reach down
all the way through to the preexisting target. Hidden

blocks or debris may form nodes for fracture branching -
fractures nucleate where there is a preexisting flaw. Ex-
isting topographic gradient can also modulate the frac-
turing process. In the case of melt veneers outside the
crater rim, blocks excavated during the impact process
can be initially overlaid by melt. This can have a dual
effect - at a later stage the hidden blocks can cause frac-
ture nucleation which can lead to high RA measure-
ment. The blocks may also be preserved by the impact
melt layer [8] (Figure 3c) from micrometeoritic impacts
and thermal stress to last long after the impact and can
add to high RA measurements later. Pervasive presence
of rocks close to the crater rim is considered a signature
of recent impact, but a similar inference based on areal
rock fraction is complicated since melt veneer fractur-
ing due to seismic or meteoritic impacts occurred sub-
sequent to the impact.

Figure 3: Fractured melts (A B) and melt preserving blocks
from degradation [8]

Conclusion:: Fractures in relatively thin layers of
impact melt are found to be spatially correlated with
large values of rock-abundance and appears to distin-
guish between fractured and relatively smooth impact
melt. Fractured sections of impact melt veneers show
similar response as other areas on the continuous ejecta
with higher block populations. The degree of fracture
development or opening-up of the cracks may influ-
ence the difference between day vs. night tempera-
tures (longer cooling time for larger blocks delineated
by fractures) to be perceived as displaying high RA sig-
natures. Future work will include analysis of melt ve-
neers on the proximal ejecta of Copernican craters of a
range of sizes.
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