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Cross-sections through the center of two lunar surface cratering simulations: vertical exaggeration = 20:1.  Generated Upper Megaregolith deposits are shown in white, with the Lower Megaregolith bedrock shown in gray.

We divide the classic, broadly defined `lunar megaregolith' layer into three distinct 
regions based upon their different formation processes and characteristics:
 A Surficial Regolith layer, about 5-20 m in depth (Quaide & Oberbeck, 1968; 

Oberbeck & Quaide, 1968; Bart et al. 2011; Yue et al. 2019), consisting of loose (low 
cohesion), unconsolidated fines and breccia, and characterized by frequent 
overturn and comminution caused by small meteoritic impacts; 

 An Upper Megaregolith layer, about 1-3 km in depth (Short & Forman 1972; 
Hoerz et al. 1976; Aggarwal & Oberbeck 1979; Thompson et al. 1979), consisting of 
depositional layers of brecciated and/or melted material, and characterized by 
the transport and deposition of material via either transient crater gravitational 
collapse or impact ejecta ballistic sedimentation; and 

 A Lower Megaregolith layer, about 20-25 km in depth (Dainty et al. 1974; Toksoz 
et al. 1974; Wiggins et al. 2019), consisting of bedrock that has been fractured in 
place by impacts, but not transported, and characterized by a fracture-density 
and fragment-size distribution that decreases rapidly with increasing depth.

The objective of this study was to model the formation of the lunar Upper 
Megaregolith layer, the least-well characterized of the three layers shown at 
left, using modern scaling relationships and a three-dimensional terrain, 
Monte-Carlo cratering model (the Small Body Cratered Terrain Evolution 
Model, SBCTEM), shown at right.
 Our first task was to develop a model impactor population (bottom left) 

that accurately reproduces the Lunar Highlands crater population (bottom 
center), both for craters < 250 km diameter, which are in a state of crater 
density equilibrium, and craters > 250 km diameter, which are not.

 This model impactor population is assumed to originate in the Main 
Asteroid Belt (MAB), possesses the general size-frequency distribution 
(SFD) shape of a collisionally evolved population, and is consistent with 
previously developed MAB population models.

 We applied this impactor population in multiple full-scale lunar surface 
simulations (bottom right), producing an Upper Megaregolith depth of 1.4 
+/- 1.0 km at the point of best χ2 fit between model and actual crater 
counts.  This Upper Megaregolith layer consists of ~60% crater collapse 
deposits and ~40% impact ejecta deposits.  It possesses a high degree of 
local variability, from 0 km in a few places (crater walls and terrances), up 
to a maximum of 5.9 +/- 0.4 km, with depths of 1-3 km produced over 
~55% of the lunar surface.

 Based upon these simulations, we find that a total delivered impactor 
mass of 3.72 +/- 1.14 x 1019 kg, or 0.0506 +/- 0.0156 lunar wt.%, is 
required to reproduce the observed Lunar Highlands cratering record, with 
a > 8 km diameter crater saturation ratio of 2.9 +/- 0.3 (total produced/final 
countable).

The SBCTEM output from a full-scale lunar surface simulation, 6160 km per side, 
with a pixel resolution of 3.08 km. (left) A terrain map showing the contrast-
enhanced crater population, containing 60,204 total craters >8 km diameter, 
25,071 considered “countable”. (right) A regolith distribution map showing Upper 
Megaregolith depth, ranging from 0 km (purple) to 6 km (red).

Four cross-sections showing the 
crater forms automatically 
generated within SBCTEM, 
beginning with a simple crater 
and progressing up to a large 
basin. The fractured bedrock 
substrate is shown in gray, with 
impact-generated regolith, both 
breccia lens and ejecta blanket, 
shown in white.  Axes are shown 
without vertical exaggeration.
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(left) The crater counts produced as a function of Main Asteroid Belt (MAB) 
exposure time in SBCTEM simulation Luna 15, as compared to the Lunar 
Highlands craters counts of Strom et al. (2005). The best fit countable crater 
numbers are indicated by the yellow line, while the total number of craters in 
each size bin produced over the course of the simulation are shown by the 
dashed magenta line. (right) The best χ2 R-value fit between the model crater 
population and the Strom et al. (2005) crater counts for all five final SBCTEM 
simulations (Luna 14-18), including a comparison to the Lunar Highlands crater 
counts from Head et al. (2010).

The O’Brien & Greenberg (2005), Bottke et al. (2005), Minton et al. (2015), 
and our LH Custom Main Asteroid Belt (MAB) impactor population plotted in 
the form of (left) a cumulative size-frequency distribution (SFD), placed iin 
terms of impacts per year per km2 on the surface of a body placed in the 
center of the MAB, and (right) a relative size-frequency distribution (SFD), 
computed per Crater Analysis Techniques Working Group et al., 1979.

Plots of modeled lunar Upper Megaregolith growth as a function of MAB 
exposure age for simulations Luna 14-18, which reach a mean depth of 1.4 
+/- 1.0 km at the point of best χ2 crater count R-value fit at an MAB exposure 
age of between 2-3 Gy. A single simulation (Luna 15) was extended, 
revealing an equilibrium Upper Megaregolith depth of 1.9 +/- 1.0 km, 
beginning at an MAB exposure age of about 8-9 Gy. Large, upward step 
changes in mean regolith depth mark the formation of large basins in the 
simulations.
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