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Introduction: Most meteoroids entering the
Earth's atmosphere are completely destroyed as a con-
sequence of the ablation process. In some special
cases, however, they can reach the ground and survive
as meteorites. But meteoroid survival is also possible
when these particles enter the atmosphere almost tan-
gentially and only a portion of their mass is destroyed
by ablation. Then, the meteoroid can leave the atmos-
phere and follow a modified orbit. Since this happens
in very rare cases, these Earth-grazing events are not
abundant in the scientific literature [1-5]. Here we pre-
sent the results obtained from the preliminary analysis
of a mag. -7+1 Earth-grazing fireball observed over
Algeria, Spain and Portugal on Dec. 24, 2014.

Figure 1. Composite image of the SPMN241214
Earth-grazing fireball as imaged from La Hita Astro-
nomical Observatory (Toledo, Spain). The first order
emission spectrum is also shown.

Instrumentation and methods: The fireball dis-
cussed here was recorded from several meteor observ-
ing stations operating in the framework of the Spanish
Meteor Network (SPMN). Most of these employ an
array of low-lux CCD video cameras manufactured by
Watec Corporation (models 902H and 902H2 Ulti-
mate). These devices monitor the night sky and some

of them operate in a fully autonomous way by means
of software developed by the second author [6]. For
meteor spectroscopy we have employed transmission
diffraction gratings attached to the objective lens of
some of these cameras. The bolide was also imaged
from a meteor station located in Tomar (Portugal),
which employs five low-lux CCD video cameras
(models Mintron 12V6HC-EX/12V1C-EX and Watec
902H2 Ultimate) named TEMPLARI to TEMPLARS
and controlled by the MetRec Software [7]. The at-
mospheric trajectory and orbital data were obtained
with the Amalthea software [8]. The CHIMET soft-
ware [6] was employed to analyze the emission spec-
trum of the bolide.

The Dec. 24, 2014 event: A slow-moving fireball
(Figure 1) was imaged on Christmas Eve at
20h06m00+1s UTC from 12 meteor observing stations
located in Spain, and also from one station in Portugal.
The bolide, which was included in our fireball data-
base under code SPMN241214, was also witnessed by
numerous casual observers along the Iberian Penin-
sula. Excluding the initial and ending phases, the lu-
minosity of the event was practically constant along its
atmospheric path. The photometric analysis of the im-
agery recorded for this fireball show that its maximum
brightness was equivalent to an absolute magnitude of
-7+1. Its total duration was of about 60 seconds.

Hb He Hmin Og 8G Vo VG
(km) |((km)| (km) | () | () | (km/s) | (km/s)
105 [ 102 | 75 [102.21-39.0 19 16

Table 1. Geocentric radiant (J2000) and atmos-
pheric trajectory data.

Preliminary results: The analysis of the atmos-
pheric trajectory reveals that the luminous phase
started at H,=105 km above the sea level over the
North of Africa. Thus, the meteoroid stroke the atmos-
phere with a velocity V,, of about 19 km/s next to the
zenith of Tiaret (Algeria), and with a zenith angle of
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around 86°. The apparent radiant was located at the
equatorial coordinates 0=93.4°, 6=-30.9°. The calcu-
lated geocentric velocity was Vg = 16 km/s. The height
of the bolide decreased slowly till a minimum value
Hpin of about 75 km (the perigee position). At this
stage it was located next to the zenith of Ciudad Real
(Spain). Then, its height increased slowly as the event
overflew Ciudad Rodrigo (Salamanca, Spain) and the
North of Portugal. Finally, the fireball left Portugal
and overflew the Southwest of Galicia (Spain), and
ended over the Atlantic Ocean at around 100 km from
the coast of Galicia. At that point, when it was located
at a height H, of around 102 km above the sea level,
ablation ceased. Then, the meteoroid left the atmos-
phere and followed a modified orbit.

a e q i ® Q Ty
(AU) (G\Y) ) (W) )

1.15 10.266 0.844 26.3 71.0 97.726 5.3

Table 2. Orbital data (J2000) of the meteoroid be-
fore impacting our planet.

Figure 2. Projection on the groun of the atmos-
pheric trajectory of the SPMN241214 event.

The total length traveled by the fireball in the at-
mosphere was of about 1,200 km. The projection on
the ground of the atmospheric trajectory is shown in
Figure 2, and the main parameters of this path are
listed in Table 1. The parameters of the heliocentric
orbit followed by the meteoroid before its encounter
with our planet are shown in Table 2. These data con-
firm the sporadic nature of the event. The value of the
Tisserand parameter with respect to Jupiter (T; =5.3)
indicates that the meteoroid was following an aster-
oidal orbit.

The emission spectrum of the bolide at the perigee,
once calibrated in wavelengths and corrected for the
instrumental efficiency, is shown in Figure 3. The
most significant contributions have been highlighted
on this plot. As can be noticed, the spectrum is domi-
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nated by the emissions from different Fe I multiplets,
the Na I-1 doublet and the Mg I-2 triplet. The contri-
bution from FeO orange-arc emission was also identi-
fied. Additional analysis will be performed in order to
obtain information about the chemical nature of the

progenitor meteoroid from this signal.
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Figure 3. Calibrated emission spectrum of the
SPMN241214 Earth-grazing fireball at the perigee
position.

Conclusions: We have presented the results ob-
tained from the preliminary analysis of a sporadic mag.
-7+1 Earth-grazing fireball observed over the Iberian
Peninsula on Dec. 24, 2014. The event started over the
North of Africa and reached a minimum height of
about 75 km above the ground level when it was lo-
cated next to the zenith of Ciudad Real (Spain). The
fireball ended over the Atlantic Ocean, at about 100
km from the coast of Galicia (Spain), after crossing the
North of Portugal. At that point the meteoroid left the
atmosphere and continued its path around the Sun on a
modified orbit. The emission spectrum of this event
and the final orbit of the meteoroid are currently under
analysis.
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