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 Introduction: Apart from the aerodynamical ap-
proach to determination of the pre-atmospheric mass 
of the meteorites (see, e.g. [1-3]), there are many 
methods for estimation of the pre-atmospheric size 
and ablation of meteorites, using cosmogenic stable 
isotopes of the noble gases, tracks of VH-nuclei of 
cosmic rays and cosmogeniс nuclides [4-10 and their 
ref.]. All the methods and their combinations are mu-
tually complementary providing us with available 
information about the catastrophic events in history 
of the meteorites falling to earth. Indeed, because of 
collisions in cosmic space and due to erosion, the 
sizes of meteorite bodies vary continually. Stable 
isotopes and tracks of the VH-nuclei are accumuu-
lated during the whole period of cosmic ray irradia-
tion and, therefore, they testify to the average sizes of 
meteorites over all their exposure age, whereas the 
radionuclides with various half-lives provide infor-
mation on the average sizes of meteorites during 
~1.5T1/2 of the radionuclide before the entry to the 
earth atmosphere. Hence, studying meteorites  
through the use of tracks, cosmogenic stable isotopes 
and radionuclides with different T1/2, one may retrace 
the evolution of their pre-atmospheric sizes from the 
moment of their ejection from the parent bodies up to 
their entrance to the earth atmosphere [4,11]. For 
instance, the average radius R~30-40 cm of the Sen-
Severin chondrite was conserved invariable during its 
whole exposure age of 11.2 My [12], whereas the 
average radius of the Ehole chondrite was already 3-
5 times smaller for the last 8 years before its fall to 
the earth than for the last 6 My on the average. 
      Pre-atmospheric size of the Kilabo chondrite: 
The ordinary LL6-chondrite Kilabo fell in Nigeria on 
July 21st 2002 as several fragments of total mass of 
19 kg;  as judged from the recorded detonation, it had 
underwent destruction in the atmosphere [13]. We 
investigated the sample N 16703 of mass of 152 g. 
According to the density of tracks of VH-nuclei, the 
shielding depth of that sample from the pre-
atmospheric surface of the chondrite was d = 6±3 cm 
[14]. The most sensitive indicator of the pre-
atmospheric size of chondrites is cosmogenic ra-
dionuclide 60Co produced in the reaction of 
59Co(n,γ)60Co with thermal and resonance neutrons, 
the accumulation of which is very sensitive to the 
size of the bodies [4, 15]. Our measurement of the  
60Co content in the sample gives 6.0 ± 2.5 dpm/kg. It 
is obvious that the 60Co generation increases directly  

 
 
with the content of Co, which varies over a suffi-
ciently wide range in the chondrites [16,17]. For 
modeling the 60Co depth distribution in the Kilabo 
chondrite, we used the average content of Co of 
0.04% in LL6-chondrites (in particular, in the Sen- 
Severin LL6-chondrite) [17]. The 60Co content, 
measured at the time of fall of the chondrite Kilabo to 
the earth, has been produced under the average galac-
tic cosmic ray intensity I0 ~ 0.2586 сm-2 s-1 sr-1 for ~8 
years (i.e. about ~1.5T1/2 of 60Co) before the fall 
[18,19]. It is clear that, using 60Co, we obtain the es-
timate of the average pre-atmospheric size of the Ki-
labo chondrite for the last ~8 years before its en-
trance to the earth atmosphere. The results of the 
modeling are presented in Fig.1.  

 
Fig.1 Dependence of the 60Co depth distribution 

in chondrites of different pre-atmospheric radii R on 
the distance d=R-r from the surface (upper plot), and 
dependence of the 60Co distribution at different dis-
tances from the surface on the radius of the chon-
drites (lower plot). Crosses show the measured con-
tent of 60Co in the sample of the Kilabo chondrite at 
the depth of d=6±3 cm, as fixed by the  track method.    

 
The upper plot shows the 60Co distribution in 

spherical chondrites of radii R, depending on the 
shielding depth d=R-r of samples from the surface. 
The cross is the measured 60Co content in the Kilabo 
chondrite (6.0±2.5 dpm/kg) at the depth of the inves-
tigated sample of d = 6±3 cm, as identified by the 
track evidence. The cross corresponds to the average 
pre-atmospheric radius of the Kilabo chondrite of R 
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= 34+6
-4 cm, which is shown on the lower plot, de-

scribing the dependence of 60Co distribution at vari-
ous depths d=R-r from the surface on radius R. Using 
the density of LL-chondrites of 3.21 g cm-3 [20], one 
may obtain that the pre-atmospheric mass of the Ki-
labo chondrite average for the last ~ 8 years before 
the fall to the earth equaled ~529 kg, and the ablation 
through the passage of the earth atmosphere amounts 
to ~96.4%. Within the limits of errors, it is in accor-
dance with the statistical estimates of the chondrite 
ablation evidenced by the stable isotopes of the noble 
gases, in particular, with the average ablation of  
94.1% of the LL-chondrites [21]. 

Pre-atmospheric size of the Bensur chondrite:  
In [22,23] attention is called to the remarkable simi-
larity of the Kilabo LL6-chondrite with the Bensour 
LL6-chondrite, fallen on February 11th 2002. In par-
ticular, their similar petrography and fayalite compo-
sition: (Fa30.9) and (Fa30.7), respectively, could indi-
cate a common source of origin of both the chon-
drites. If they are formed in the same process, their 
orbits must be in close proximity (as ones of the 
swarm of fragments in the case of total destruction of 
cosmic bodies). The orbit proximity amounts to the 
proximity of the chondrite velocities at the entrance 
into the earth atmosphere, and, therefore, the ablation 
of the chondrites may be comparable. The total fallen 
mass of the Bensour chondrite is ~45 кг [22]. At the 
ablation of 96.4%, which was undergone by the Ki-
labo chondrite, and which agrees, within the errors 
with the average ablation of the LL-chondrites, the 
pre-atmospheric mass of the Bensour chondrite was 
1250 kg, and its pre-atmospheric radius R ~ 45 см. 
The ratio of neon isotopes in the Bensour chondrite is 
measured to be 22Ne/21Ne = 1.123 [23]. That ratio, as 
well as the tracks of VH-nuclei, can be an indicator 
of shielding depth of the investigated samples in  
chondrites of different size [6,24-28, et al.].  
 The experimental profile of that dependence in the 
Sen-Severin LL-chondrite is measured in [26], and  
only its slight variations are registered in the chon-
drites of different chemical groups. That dependence 
for ordinary chondrites is presented in detail in [21], 
where for its construction the results of the model 
experiments of [27,28] are used. It is demonstrated in 
Fig.2. One can see that the ratio of 22Ne/21Ne = 1.123 
in the Bensour chondrite correspond to the istance of 
the investigated sample from the pre-atmospheric 
surface of d = R-r ~ 4-7 cm. 

 The obtained pre-atmospheric radii and depth lo-
cations of the samples of the Kilabo and Bensour 
chondrites are used for modeling 26Al depth distribu-
tions in the chondrites to estimate the extent of their 
orbits [29]. Besides, they are used for estimation of 

radiation conditions in the heliosphere in the phase of 
maximum of the 23rd  solar cycle [30].  
 
 

 
Fig.2 Depth distribution of the 22Ne/21Ne ratios in the 
chondrites of different pre-atmospheric radii R (d is 
the depth from the surface; dotted line marks the 
measured value of that ratio in the  Bensour chon-
drite [23].  
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