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Dark flight Monte Carlo (DFMC)
Introduction: When an high velocity object, a
meteoroid, enters the atmosphere it can be detected
as a light phenomenon known as a meteor. A bright
meteor, called a fireball, may be a testimony of a
meteorite fall. Instrumentally observed meteorite falls
provide unique opportunities to recover and analyze
unweathered planetary samples supplemented with
the heliocentric orbit they had. To recover a meteorite
from a fireball event, it is essential that recovery
teams can be directed to a well-defined search area.
Until recently, a realistic simulation of a meteorite
strewn field was difficult, in particular due to many
unknowns not directly retrieved from the fireball
observations. These unknowns include the number of
fragments and their aerodynamic properties, for
which the masses of the fragments need to be
assumed.
Methods: The dark flight Monte Carlo model (DFMC)
is the first of its kind as it provides an adequate
representation of the processes occurring during the
luminous trajectory coupled together with dark flight
[1]. The model comprises a novel approach to
fragmentation modelling that leads to a more realistic
fragment mass distribution on the ground.

No prediction will make
actual finding of a meteorite
easier but may prevent
spending time and
resources in a wrong area.
Results: This Monte Carlo model has already
successfully assisted in several meteorite recoveries.
A strewn field simulation for the well-documented
Košice meteorite fall in Figure 1. demonstrate good
matches to the observations [2, 3, 4].
DFMC simulation in Figure 2. for the Neuschwanstein
meteorite fall demonstrate what could be the true
extent of the strewn field in a case where only three
meteorites has been found so far [5, 6, 7].

Figure 1. The Košice strewn field [1]. Black solid circles represent the recovered meteorite fragments [3, 4]. The two
largest ones have masses of 2.374 kg (A) and 2.167 kg (B). Open circles are the (91) fragments simulated using the
trajectory parameters for the beginning height of 68.3 km from [2]. The two largest red circles correspond to 2.344 kg
(C) and 2.183 kg (D) simulated fragments and red square (N) stands for the virtual 38.8 kg nominal body.
Table 1. The DFMC input parameters for the Košice meteorite fall. The trajectory data are taken from [2]. In the DFMC
code, error margins are not applied individually to the coordinates of the start point. The error in the coordinates of the
start location are accounted for as a cumulative spatial error at the start point.

Conclusion: The Monte Carlo method based
modelling can be successfully applied to predict
strewn fields produced by meteorite falls. Such
predictions work well in cases where good quality
start point data (coming from the analysis of the
fireball) and corresponding atmospheric data are
available.
We foresee that this model could be used to revise
the flux of extra-terrestrial matter onto the Earth, as it
provides a alternative way to estimate the total mass
of meteorite fragments reaching the ground. Model
can also use to study old known meteorite strewn
fields.
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Figure 2. The Neuschwanstein strewn field shown on the Google Earth map [1]. White bullseyes represent the three
recovered meteorite fragments [5, 6]. These are marked as [A] Neuschwanstein I (1.750 kg), [B] Neuschwanstein II
(1.625 kg), and [C] Neuschwanstein III (2.843 kg). Coordinates for Neuschwanstein I and II are given in [5] and the
location of Neuschwanstein III is from [6]. Open circles are the fragments simulated in this work using the trajectory
parameters for the beginning height of 84.95 km from [7]. Red square [N] stands for the virtual 56.6 kg nominal body,
and the five orange and yellow circles correspond to 8.05 kg [D], 7.72 kg [E], 2.35 kg [F], 1.29 kg [G], and 1.00 kg [H]
simulated fragments. Colour codes for the simulated fragments are: orange 3 – 10 kg, yellow 1 – 3 kg, green 0.3 – 1
kg, cyan 0.1 – 0.3 kg, and blue < 0.1 kg. Background map by Google / GeoBasis-DE/BKG 2020.
Table 2. The DFMC input parameters for the Neuschwanstein meteorite fall. The trajectory data are after the table 1
in [7]. These parameters are for the beginning of the luminous trajectory.

Parameter

Mean value

Error margins

Remarks

Parameter

Mean value

λ0

longitude

20.705°E

(±0.011° /~600 m)

WGS84 (error margins used as e0)

λ0

longitude

11.5524°E

φ0

latitude

48.667°N

(±0.021° /~2300 m)

WGS84 (error margins not used in simulation)

φ0

latitude

47.3039°N

h0

altitude

68 300 m

(± 1400 m)

(error margins not used in simulation)

h0

altitude

84 950 m

Symbol

e0
δ0

spatial error at the start
point
direction of trajectory

Symb

Error margins

Remarks

ol
(±0.0009° /~70
m)
(±0.0006° /~70
m)
(±40 m)

WGS84 (error margins used as e0)
WGS84 (error margins not used in simulation)
(error margins not used in simulation)

0m

±600 m

Error used here is the error from longitude.

e0

spatial error at the start point

0m

±70 m

Error used here is the error from longitude.

71°

±4.0°

0° - 360° (0° = N, clockwise)

δ0

direction of trajectory

295.3°

±1.8°

0° - 360° (0° = N, clockwise). Default error.

γ0

trajectory slope

59.8°

±2°

0° - 90° (90° = vertical)

γ0

trajectory slope

49.75°

±0.03°

0° - 90° (90° = vertical)

V0

velocity

15 000 m s-1

±300 m s-1

Velocity at the start point.

V0

velocity

20 950 m s-1

±40 m s-1

Velocity at the start point.

a0

deceleration limit

8 m s-2

a ≥0.99*8 m s-2

Deceleration at the start point.

a0

deceleration limit

3.5 m s-2

a ≥0.99*3.5 m s-2

Deceleration at the start point.

heh

end height of fireball

17 000 m

-

Lowest observed altitude rounded downward.

heh

end height of fireball

16 040 m

(±30 m)

Lowest observed altitude (error not used).

ρm

density of meteoroid

3300 kg m-3

±500 kg m-3

Our default for chondrites.

ρm

density of meteoroid

3300 kg m-3

±500 kg m-3

Our default for ordinary chondrites.

σ

ablation coefficient

0.005 s2 km-2

-

From observations.

σ

ablation coefficient

0.0018 s2 km-2

-

Our default value.
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