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Introduction: One of the aims of the SPanish Me-

teor Network (SPMN) is the recovery and analysis of 
meteorites. So, we focus special attention on very 
bright fireballs, as under appropriate conditions these 
unusual events may give rise to meteorite falls. For 
this purpose we operate 25 meteor observing stations 
that monitor the night sky over Spain and neighbour-
ing areas. These provide useful data for the determina-
tion of radiant, orbital, photometric and chemical pa-
rameters [1, 2, 3]. In this context, we present here the 
first results of the analysis of a superbolide observed 
over the Iberian Peninsula on July 13, 2012.  

 

 

  
Figure 1. Selected video frames showing the initial 

phase, half position in the atmospheric path and maxi-
mum brightness of the fireball as imaged from La Hita 
Astronomical Observatory (top) and Madrid (bottom). 

 

 
Figure 2. The SPMN130712 superbolide imaged 

from Calar Alto. 
 
Instrumentation and data reduction methods: 

The fireball was imaged from seven SPMN meteor 
stations: Sevilla, La Hita, Huelva, El Arenosillo, Ma-

drid, Villaverde del Ducado and Sierra Nevada (Fig. 
1). It was also registered by a low-resolution camera 
from CAHA (Fig. 2). SPMN systems employ high-
sensitivity CCD video devices (models 902H and 
902H Ultimate, from Watec Co.) that provide 25 fps 
interlaced video sequences [1, 2]. Some of these are 
configured as spectrographs by attaching holographic 
diffraction gratings (1000 lines/mm) to the objective 
lens. To calculate the atmospheric trajectory, radiant 
and orbit we have employed our AMALTHEA soft-
ware, which follows the planes intersection method 
[4]. The analysis of the emission spectrum was per-
formed with our CHIMET application [5].  

 
Radiant data 

 Observed Geocentric Heliocentric 
R.A. (º) 261.5±0.5 257.3±0.5 - 
Dec. (º) 37.6±0.4 36.4 ±0.4 - 
V∞ (km/s) 22.4±0.3 19.6±0.3 40.4±0.3 

Orbital parameters 
a (AU) 7.8±0.5 ω (º) 203.5±0.3 
e 0.87±0.02 Ω (º) 110.8413±10-4 
q (AU) 0.976±0.001 i (º) 25.1±0.3 

Table 1. Radiant and orbital data (J2000). 
 
The July 13, 2012 event: The bolide, which is in-

cluded in our database with code SPMN130712, was 
recorded at 0h04m52.6±0.1s UTC. It was also wit-
nessed by casual observers in different areas in the 
center and south of Spain. Some of these reported a 
strong thunder-like sound a few seconds later. Accord-
ing to our calculations, the parent meteoroid struck the 
atmosphere with an initial velocity V∞=22.4±0.3 km/s. 
The fireball started its luminous path at 100.4±0.5 km 
above the ground level and reached its maximum 
brightness (absolute mag. -20±1) at a height of 
36.7±0.5 km. The luminous phase ended at 35.4±0.5 
km. The radiant position and orbital parameters are 
summarized in Table 1. The orbit of the meteoroid is 
plotted in Fig. 3. The light curve, obtained from the 
photometric analysis of the images, is shown in Fig. 4. 
As can be noticed, the fireball exhibited several bright 
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flares along the second half of its atmospheric path. 
The aerodynamic pressure under which these flares 
took place was calculated in the usual way [6]. The 
result of this analysis is shown in Table 2. The last 
flare corresponds to the violent disruption of the mete-
oroid and, so, the corresponding pressure provides an 
estimation of the tensile strength of the particle [7]. 

 

 
Figure 3. Projection on the ecliptic plane of the or-

bit of the parent meteoroid. 
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Figure 4. Light curve (relative intensity vs. time). 
 

Flare 
# 

Height 
(km) 

Velocity 
(km/s) 

Aerodynamic pressure 
(dyn/cm2) 

1 56±1 20.5±0.5 1.9±0.6·105 
2 55±1 20.5±0.5 2.2±0.6·105 
3 49±1 19.2±0.5 4.6±0.6·105 
4 45±1 18.6±0.5 7.9±0.6·105 
5 36±1 16.5±0.5 2.9±0.6·106 
Table 2. Aerodynamic pressure for flares and 

break-up processes highlighted in Figure 4. 
 

Emission spectrum: Three spectrographs operat-
ing from La Hita, El Arenosillo and Villaverde del 
Ducado recorded the emission spectrum produced dur-
ing the ablation of the parent meteoroid in the atmos-
phere. The calibrated signal is shown in Fig. 5. As can 
be seen, the spectrum is dominated by a strong emis-
sion from Mg I-2 (517.2 nm) and several Fe I multi-
plets: Fe I-41 (441.5 nm) and Fe I-15 (526.9 and 542.9 
nm). In the ultraviolet, the intensity of H and K lines 
of ionized calcium is also strong. The contribution 
from Na I-1 is, however, small. The emission from 
atmospheric N2 bands can also be noticed in the red 
region. Additional analyses are currently being per-
formed to obtain the relative abundances of the differ-
ent chemical species contained in the meteoroid. 
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Figure 5. Calibrated emission spectrum. 
 
Conclusions: Some preliminary results related to 

the analysis of a superbolide observed over Spain have 
been presented. Its atmospheric path and radiant were 
obtained and the orbit of the parent meteoroid was 
calculated. The emission spectrum indicates a deple-
tion of sodium. The results support the existence of 
high-strength meteoroids in Jupiter Family Comets 
orbits. Although the terminal height seems to be too 
high for meteorite survival, several expeditions to the 
expected impact area were organized, although no me-
teorites were found.  
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