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Summary: Some impacts at Mercury should be 

capable of launching ejecta at speeds greater than escape 
velocity. Our hybrid approach integrating an ejecta 
scaling model and a dynamic model finds that 39% of 
this material returns to Mercury within 10,000 years. 
This suggests that some of Mercury’s meteoroid 
population originates from itself. 

Introduction: Mercury’s position in the inner Solar 
System subjects it to high velocity impacts from a wide 
population of impactors, including main-belt asteroids 
and Jupiter-family comets. Much of the ejecta generated 
from these impacts are retained by the planet and 
contribute to Mercury's dust environment, secondary 
crater population, or resurfacing [1-4]. Sufficiently high 
energy impacts accelerate regolith and small boulders to 
velocities high enough to escape Mercury's Hill sphere, 
some of which may eventually come back to Mercury. 
It is not well understood how much of Mercury’s 
meteoroid population originates from itself. 

This analysis seeks to understand how much of 
Mercury’s meteoroid population is composed of 
material originating from itself. We simulate various 
impacts on Mercury and numerically propagate the 
orbital trajectories of escaped ejecta particles to 
determine their fates, if they are capable of returning to 
Mercury, and if so, how much material is returned.  

Methodology: Our methods include two primary 
steps: First, we use an ejecta scaling modelling scheme 
to obtain the amount of mass ejected and particle 
ejection velocities at a single impact event [5]. Second, 
the ejecta launched quick enough to escape the planet 
have their orbital trajectories propagated by an N-body 
code [6] for a maximum of 104 years and are monitored 
for entering a planet’s Hill sphere or approaching too 
close to the Sun. 

Impact Model: We model impacts on the surface of 
Mercury using the existing scaling relationships from 
[5]. From this, we can obtain the amount of mass ejected 
and the speeds of the ejected particles as a function of 
distance from the point of impact. We then apply an 
ejection-angle model from [7] to the launched particles 
to give them a direction of motion. Our investigation 
only considers regolith ejecta and does not include 
material ejected from the competent rock below 
Mercury’s regolith layer. 

The scaling relationships developed by [5] require 
information about the target material (strength and 
density), the impactor (size, density, velocity, and angle 
of impact), and a variety of scaling constants dependent 

on the target material that are used to fit equations 
governing the resulting crater size, ejecta velocities, and 
amount of mass ejected to laboratory experiments of 
small impacts.  

The material properties of Hermian regolith is not 
well constrained at present. However, Mercury is often 
compared to the Moon [8], so we use material properties 
similar to lunar regolith. Of the materials that have had 
their scaling constants experimentally determined, a 
mixture of sand and fly ash most closely mirror the 
strength, density, and porosity of lunar regolith. We use 
the values (i.e., strength, density, and scaling constants) 
measured by [5] and [9]. 

We use combinations of impactor radius (10 m, 50 
m, 100 m, 500 m, 1000 m), impact angle (30, 45, 60, 90 
degrees), and location on Mercury’s surface to simulate 
192 impact cases. An impact speed of 42 km/s, which is 
the average speed of Mercury impactors found by [9], 
and impactor density of 2500 kg m-3 are used for all 
simulations. Each impact case is capable of launching 
ejecta at velocities greater than Mercury’s escape 
velocity of 4.25 km/s. For each impact case, we launch 
432 test particles evenly distributed across the impact’s 
range of velocities 𝑣 > 4.25 km/s. The test particles 
have mass density of 1510 kg m-3 and have radii of 100 
micrometers. 

We obtain the ejection speeds of material at a given 
distance from the point of impact. The closest ejecta 
occurs at 1.2 times the impactor radius away from the 
point of impact; material within this area is assumed to 
be compacted downwards. The resulting ejected 
particles are then given an ejection angle as modeled by 
[7] and then rotated around the point of impact to form 
a three-dimensional ejecta plume – this gives each 
ejecta particle an ejection velocity and state vector. We 
set each impact to consider 432 particles that will escape 
Mercury – that is 12 ejection ‘layers’ each with different 
distances from the point of impact and composed of 36 
particles, 1 per degree of rotation. This gives a total of 
82,944 test particles. 

Orbit Propagation Model: After ejection, the 
particles briefly follow ballistic trajectories and are then 
transferred to an orbit propagation code to numerically 
integrate their orbital trajectories. This N-body 
dynamics code, further detailed in [6], considers the 
gravity of 10 major bodies – all 8 planets, the Sun, and 
Earth’s moon – and implements perturbative effects of 
solar radiation pressure and Poynting-Robertson drag. 
Particle-particle interactions and particle self-gravity 
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are not included in the model. We only consider a single 
starting epoch for our simulations: 1 January, 2026 – 
just after the BepiColombo mission’s planned orbital 
insertion around Mercury. 

The code inputs each particle’s size, mass, and state 
vector and numerically integrates its motion using a 4th 
order Runge-Kutta integration scheme. They are 
propagated for a maximum of 104 years and is 
monitored for entering a planet’s Hill sphere or 
approaching too close to the Sun (within 10 Solar radii). 
A small percentage of the 82,944 test particles had their 
simulations prematurely ended due to factors beyond 
our control. We ignore these and consider the 81,504 
test particles that completed their simulations as the 
total number for analysis.  

Results: We find that of the 81,504 particles 
considered for analysis, ~85% of them entered a 
planet’s Hill sphere or were sucked up by the Sun. A 
vast majority of these particles ended up back at 
Mercury or the Sun. Approximately 46% of the 
intercepted particles, or ~39% of the 81,504 particles, 
returned to Mercury (Figure 1). The mean speed of 
particles that crossed into Mercury’s Hill sphere 
(relative to Mercury) was ~7 km/s with a maximum 
speed of ~29 km/s.  

At an individual simulation level, clear trends are 
found: typically, of the 432 total particles, ~75-90% 
them are intercepted by a planet or the Sun and ~35-55% 
of them return to Mercury over the timescale of 10,000 
years. 

 
Figure 1. Of the 81,504 particles analyzed, 85% entered the 
Hill sphere of a planet or approached close to the Sun (blue). 
Of those, 46% returned to Mercury (red). 

Discussion: These results indicate that it is not only 
possible, but it is likely that material ejected from 
Mercury as a result of an impact will return on 
timescales geologically short time scales. Ejecta over 
the full range of launch speeds 𝑣 > 4.25 km/s in our 
simulations are capable of returning to Mercury 

meaning that its meteoroid population is very likely to 
be composed of material originating from itself.  

As an example: the impact that produced the 12.15 
km diameter Petipa crater, could have launched 
particles up to 24 km/s and ~8.5x108 kg of material 
capable of escaping Mercury. If 39% of this escaped 
mass returned, that would be 3.3x108 kg. If it took 
20,000 years for all of this ejecta to come back, 
assuming a constant return flux, ~45 kg of material 
would fall onto Mercury each day. [2] estimates that 
12.16 ± 5.57 tons of meteoroid material originating 
from main-belt asteroids, Jupiter-family comets, 
Halley-type comets, and Oort Cloud comets falls onto 
Mercury per day at present. Material returning from the 
Petipa impact would comprise ~0.4 ± 0.3% of this 
incoming meteoroid population. 

Conclusions: Mercury is susceptible to high 
velocity impacts due to its location in the inner Solar 
System and lack of an atmosphere. We simulate various 
impact scenarios that imitate the typical impactor 
population at Mercury and are capable of producing 
ejecta that can escape the planet’s gravity. We propagate 
the ejecta’s orbital trajectories for a maximum of 10,000 
years and find that over this time, approximately 39% 
of the mass that leaves Mercury will return. This means 
that a small portion of the meteoroid environment 
around Mercury should be populated by material that 
was once launched off the planet via impact. This 
analysis focused on regolith ejecta, but small boulders 
should also be capable of being accelerated away from 
Mercury and some of them would eventually return 
possibly forming sesquinary craters. 
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