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Introduction: The 2007 NRC Scientific Context for
the Exploration of the Moon [1] outlines the main
science concepts to be addressed by future lunar
exploration missions. Concept 3 aims at unraveling
the main planetary processes that shaped the Moon
by investigating the diversity of lunar crustal rocks.
Assessing the vertical extent and structure of the
lunar megaregolith (MR) is one of five scientific
goals in Concept 3. The MR is the product of more
than 4.5 Gy of surface impacts and studying it could
yield invaluable information about its causes as well
as its effects on the Moon’s evolution. This work
proposes several methods to provide ground truth to
the MR thickness models, and suggests a few
locations on the Moon’s surface where they could be
implemented.
Motivation: A more thorough understanding of the
thickness and structure of the lunar MR is critical for
various reasons: (i) It can provide information about
the Moon’s bombardment history; (ii) It will allow a
better understanding of MR formation and evolution
on other terrestrial bodies and on the early Earth; (iii)
It will provide means to better analyze the current
(and potentially, future) seismic data and, in turn,
provide a better understanding of the subsurface
structure of the Moon; (iv) It will provide important
constraints on the thermal evolution of the Moon.
Background: The lunar MR is thought to be the
product of the short-lived Late Heavy Bombardment
(LHB) [2]. The large impacts responsible for the
formation of the lunar basins would have excavated,
mixed and fractured the lunar surface to a depth of
several kilometers. This would have resulted in a
highly fragmented layer composed of basin ejecta
and structurally disturbed crust over a fractured crust
(see Figure 1). The subsequent, smaller meteoroid
impacts (post-LHB) would have pulverized and
mixed the very top layer of the crust (the regolith),
but would have had a negligible effect on the overall
structure of the MR [2,3].
The first evidence of a highly fractured surface
layer comes from the seismic data collected during
the Apollo Passive Seismic Experiment (1969-1977).

The data showed intense scattering, represented in
the very long-lived seismic coda, that is
uncharacteristic of coherent crystalline rock in the
upper 2-3 km, and especially in the upper 100 m or
so [4].
All currently available estimates on the global
thickness of the MR layer are based either on models
of cratering processes (e.g., [1,5-7]) or on orbital or
Earth-based radar and photometry data (e.g., [8,9]).
Current estimates range from 1-2 km for nearside
mare to 5-10 km for the highlands.
Target Site Requirements:
Two landing site
requirements were identified in order to achieve this
science goal. We need to target sites that will allow
for in situ visual and/or geophysical measurement of
the extent and structure of the MR. We also need to
target enough sites to collect measurements from the
three main regions of the Moon (nearside mare,
highlands, South Pole-Aitken Basin), as they are
thought to have different MR thicknesses.
Methodology and Partial Results: Three different
methods to characterize the MR have been identified.
Geological mapping of the walls or peak rings of the
youngest multi-ring basins: Multi-ring basins are the
largest structures on the Moon. The mechanisms of
basin formation, as well as their final lateral and
vertical structures are poorly understood. However,
analysis of seismic and gravity data from the
Chicxulub crater on Earth (best terrestrial multi-ring
basin analog) suggests that peak rings are produced
by the collapse of central peaks [10]. Also, spectral
analysis of two rings within Orientale, the youngest
lunar basin, suggests they are composed of
anorthosite from the crust [11]. The topography of
those rings suggests that 1.5 to 4 km depth in that
crust may be exposed in those rings [12], potentially
revealing the transition between the MR and the
undisturbed underlying crust. It is suggested that a
geological map of the youngest basins’ (Orientale
and Schrödinger) walls and peak rings could be a
potentially useful way to determine the thickness and
structure of the MR (see [13]).
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Investigation of the central peaks/walls of young and
fresh complex craters that have a large estimated
stratigraphic uplift compared to the estimated MR
thickness: The central uplift of complex craters is
composed of material that comes from deep below
the center of the crater [14,15]. The magnitude of the
structural uplift (SU) can be estimated using the
empirical relation derived in [14]. As seen in
Figure 1, it is unlikely that a well-preserved base of
the MR will be visible in the central peak or in the
crater walls. The central peak rarely rises more than a
few hundred meters above the crater floor, which is
not enough to expose the entire MR layer. Also, the
slumped crater walls will show repeated sections of
the upper part of the MR and not necessarily all the
way down to the basal contact between the MR and
the undisturbed crust. However, by targeting deep
craters for which the SU is greater than the estimated
MR thickness, it should be possible to investigate and
characterize the structure and composition of deeper
levels of the MR. This would yield valuable
information that can be used along other
measurements (e.g., seismic data) to better
characterize the MR layer as a whole. Note that the
interpretation of central peak features will need to be
deconvolved from the inherent faulting that occurs in
central uplifts. Some craters that satisfy this
requirement are Copernicus (SU ~16km vs. ~1-2km
MR thickness) and Langrenus (~25km vs. ~1-2km),
both in the near side mare region, Tycho (~18km vs.
~5-10km) and Vavilov (~17km vs. ~5-10km), both in
the highlands.
Installation of a seismometer network on the lunar
surface: It is suggested to install a global network of
new generation seismometers in order to get precise
measurements of the absolute thickness of the MR
layer at various locations on the Moon. No specific
seismometer location is necessary for the scope of
this assessment, but it is recommended to install
seismometers over at least the three main
geochemical regions of the Moon: the nearside mare
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region, the highlands, and the South Pole-Aitken
Basin.
Conclusions: An assessment of the vertical extent
and structure of the lunar MR might not be classified
as one of the “Highest-Priority Science Goals” in the
2007 NRC report. However, all landing sites
suggested for higher priority science goals [see 16,
17] are amenable to one or more of the methods
suggested above. As such, characterization of the MR
could be attempted at most landing sites of future
lunar missions.
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Figure 1: Schematic of a complex
crater
structure
and
potential
locations of MR exposure. Wellpreserved complex craters could
expose deeper MR layers in the crater
walls, depending on the depth of
exposed wall material. The MR could
also be visible in the central peak,
depending on the magnitude of the
structural uplift and on the amount of
exposed material. D is the diameter of
the crater. Modified from [18].

