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Introduction: Most of the meteor showers we see 

today come from parent comets which have been in 
decay for millions of years [1]. In recent times, it has 
been possible to identify many meteoroid streams pro-
ducing very bright bolides produced by cm-sized me-
teoroids released from the comet surfaces by gas drag 
[2-3]. More recently, some comets that experienced 
catastrophic disruption have been identified to have 
potential to explain even largest meteorite-dropping 
bolides [4-5]. In particular, the study of meteoroid 
streams exhibiting high eccentricity orbits is relevant 
to gain insight into the physico-chemical properties of 
Öort cloud comets. Different types of comets have 
been classified according to the influence of Jupiter on 
the evolution of their orbits. Some of these can have 
very long periods, or even being almost parabolic [6]. 

In the northern winter, there are the expected Ur-
sids and Geminids meteor showers, which usually pre-
sent a high activity and meteors of considerable magni-
tude. However, the constellation of Coma Berenices is 
also a significant source of visual meteors, associated 
with a minor meteor shower [7]. Thanks to video sur-
veys made in the 80s, this minor shower was detected, 
and sometimes produce bright fireballs [1,8]. 

 
Technical procedure and study case: We have 

used data collected by the SPMN fireball network, 
operational for more than 25 years since now. Four of 
our stations (Table 1) recorded an extremely bright 
bolide on January 2nd, 2021 at 4h08m33s UTC 
(SPMN020121) which reached a magnitude of -13±1.  

 

Table 1. SPMN stations recording the 020121 event.  
 
In order to analyze this event, we use our automatic 

Python code 3D-FireTOC [9]. This pipeline detects the 
meteor path, do the astrometry, compute the atmos-
pheric trajectory and calculate the heliocentric orbit, all 
in all quantifying the errors propagated in each step. 

The software takes into account zenith attraction, diur-
nal and light aberration as well as atmospheric refrac-
tion and extinction. 

The starting altitude was 111.0±0.4 km and the ob-
served velocity at its atmospheric inlet was 66.6±0.6 
km/s. The bolide suffered a disruption followed by a 
bright flare at 67.9±0.5 km of altitude leaving a persis-
tent trail that remained visible for half a minute, as can 
be seen in Fig. 1. The bolide ended at a height of 
55.2±0.5 km over Jerez de la Frontera (Cádiz) from 
which we named this event. 
 

 
Figure 1. SPMN020121 persistant trail recorded 

from Estepa (Sevilla) by A.J. Robles. The images of 
this intensely brilliant bolide evidence a glowing shock 
wave. 

 
Table 2 shows an apparent radiant and velocity 

consistent with the results given by [10] for the annual 
component. From the catastrophic disruption experi-
enced by the meteoroid at a height of 68 km we also 
estimated the tensile strength, giving a result of 
11.1±0.6 kPa, consistent with the one typical for come-
tary streams [11].   

Station Longitude Latitude Alt.  

Estepa  4º 52´ 36" W 37º 17´ 29" N   537 m 
Madrid  3º 39´ 49" W 40º 26´ 57" N 729 m 
La Murta  1º 40´ 32" W 38º 05´ 48" N 469 m 
Benicàssim 0º 02´ 19" E 40º 02´ 03" N 15 m 
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      Table 2. SPMN020121 radiant data and orbital 
parameters. 

 
The aerodynamic strength can be linked to the vol-

ume filling factor, which gives clues of the meteoroid 
porosity, a fundamental property when study the for-
mation of the Solar System [12-13]. A 3D representa-
tion of the atmospheric flight and the heliocentric orbit 
of the meteoroid is depicted on Fig. 2. 
 

 
Figure 2. SPMN020121 atmospheric reconstruction 

(top), and its heliocentric orbit (bottom). 
 
Discussion: As expected from the Comae Bereni-

cids (COM) meteoroid complex, the meteoroid orbit 
presents an eccentricity close to 1. The apparent radi-
ant coordinates of the this meteor shower found by 
different authors differs significantly, so it is likely that  

the meteoroid stream is already significantly perturbed. 
In any case, the orbital parameters computed for 
SPMN020121 are in good agreement to the ones listed 
by IAU Meteor Data Center [10]. The scientific litera-
ture not only exhibits significant discrepancies be-
tween the location of COM established radiants, but 
also in the estimation of the daily motion. A recent 
study [14] found that the COM radiant is compact but 
elongated in ecliptic longitude, so our event fits into 
the main stream. Obviously, it shows that it is a meteor 
shower that deserves additional attention, particularly 
when is able to produce extraordinary bolides like the 
one here studied.  
 

Conclusions: The SPMN020121 bolide was asso-
ciated with the Coma Berenicids meteoroid stream. 
This meteor shower produced bright fireballs during 
this season. The meteoroid orbit exhibits an orbit asso-
ciated with a highly eccentric, almost parabolic, comet. 
The measured tensile strength is consistent with the 
one found for cometary meteoroids. 
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Radiant data 
 Observed Geocentric Heliocentric 
R.A. (º) 178.0±1.5 177.8±0.6 151±1 
Dec. (º) 21.1±0.5 21.0±0.5 30±1 
V∞ (km/s) 66.6±0.6 65.6±0.6 41.6±0.6 

Orbital parameters 
a (AU) 12±1 ω (º) 251.7±2.5 
e 0.95±0.04 Ω (º) 281.692±0.006 
q (AU) 0.656±0.016 i (º) 142.9±1.1 
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