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Introduction Grazing fireballs occur when a meteoroid strikes the atmosphere at an extremely low-angle
such that it has the opportunity to pass through the atmosphere and re-enter interplanetary space. Objects that
experience this often produce brilliant fireball displays.
These events have been reported for hundreds of years.
The first scientifically observed and triangulated grazing
fireball was the ‘Great Daylight Fireball’ in 1972, which
lasted for over ∼ 100 sec, covered over 1500 km, and
reached a minimum height of 58 km [1]. Since this spectacular event, there have been several other grazing fireballs observed and described [2, 3, 4, 5].
Observations The Desert Fireball Network (DFN) is
the most expansive network of its kind in the world, with
over 50 observatories in Western Australia and South
Australia [6, 7]. On July 7th, 2017, a 90 second grazing fireball was observed to travel over 1300 km through
the atmosphere. The object was seen by ten DFN stations, allowing for an accurate triangulation of the entire
atmospheric trajectory (Fig. 1). Due to the large size of
the DFN, nearly all (including beginning and end) of the
atmospheric trajectory was able to be observed (2541 astrometric datapoints). A summary of the observations
made of event DN170707 01 and the fitted trajectory
are provided in Table 1. The number of observations
refers to the number of 30-second exposures. Whereas,
‘without timing’ denotes when observations of the fireball were collected; however, either the angular velocity
of the meteoroid was too slow, or the fireball was too
bright to distinguish the encoded de Bruijn sequence [8].
Methods When analyzing the 1972 daylight fireball,
Ceplecha [1] recognized that the grazing trajectory
should fit a hyperbola with added curvature due to atmospheric drag. Thus, Ceplecha [1] fit osculating circles to the trajectory of the 1972 grazing daylight fireball
to account for this added curvature with reasonable accuracy. Within this study, we implemented a Dynamic
Trajectory Fit (DTF) triangulation method that fits the
observation rays directly to the equations of motion for
fireballs [9]. This non-straight-line approach to the event
triangulation represents the physical system more veraciously than previous studies. From the triangulated trajectory, several pre- and post-grazing orbital simulations
were initialized.
Results The observed meteoroid transited the atmosphere for over 90 seconds and reached a minimum

height of 58.5 km before returning to interplanetary
space. The velocity of the meteoroid in the Earthcentered, Earth-fixed frame decreased from 15.7 to
14.2 km s−1 . However, in the Earth-centered inertial
frame, the object had a net gain in angular momentum during the close encounter with the Earth. This
slingshot-like trajectory flung the object from an Apollotype to a JFC-like orbit. From the extensive numerical
simulations conducted, it was determined that the new
orbit of the object is very similar to a natural JFC. With
a predicted dynamical lifetime of ∼ 200 kyrs, the object
will have numerous close encounters with Jupiter over
its lifetime. The first of these close-encounters will very
likely occur between January-March 2025, where the object has a very high probability of having an encounter
within one Jupiter Hill radii. After this encounter, the
future of the meteoroid becomes less clear. Although,
the most likely final destination for the object is either to
be ejected from the Solar System or to be scattered into
some Centaur-like orbit based on our +500 kyrs simulations.
Conclusions The grazing fireball observed over Australia in 2017 was a spectacular event only matched by
the ‘Great Daylight Fireball’ of 1972 in penetration depth
and duration. Lasting over 90 seconds, and reaching a
minimum height of ∼ 58.5 km, the object was certainly
durable and ‘asteroid-like’ in composition. As a result of
the encounter, this asteroidal object was inserted into a
JFC-like orbit. Considering that telescopes cannot effectively detect close-encounters of objects like these (too
faint and too fast), there may be a non-negligible number
of objects being scattered onto orbits typically thought
as dynamically distinct. Current work is being done to
estimate this population of Earth-scattered objects.
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Table 1: Observations and triangulated trajectory for event DN170707 01.
Entry Conditions Exit Conditions
Time (UTC) after 2017-07-07
12:33:45.900
12:35:16.050
Height (km)
85.7
86.0
Mass range (depending on density; kg)
14-92
9-62
Latitude (deg)
-28.69325
-28.41439
Longitude (deg)
122.71606
136.33175
Velocity (km s−1 )
15.71 ± 0.13
14.24 ± 0.10
Slope (deg)
4.6 deg
7.8 deg
Duration (sec)
90.15
Minimum Height (km)
58.5
Best Convergence Angle (deg)
45.9
Number of Observations (with timing)
13
Number of Observations (without timing)
7
Number of Datapoints
2541

Figure 1: Triangulated trajectory for event DN170707 01, as seen over Western Australia and South Australia.
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