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    Introduction: Previous track-
thermoluminescence  measuring  of the 
meteorite and lunar regolith matter [1-5] 
demonstrated the possibility of the 
investigation their cosmic ray exposure history 
and shock-thermal effects. This note reports 
the new results on investigation of the 
radiation and shock-thermal history of the 
micro-brecciated equilibrated ordinary 
chondrite Kilabo LL6 (fall 2002) [6]. Complex 
analysis was doing with help of the fossil track 
and the artificially induced TL methods. 
    Samples and experimental procedure. For 
the fossil track investigation, 67 individual 
pyroxene and olivine grains (50-200 μm in size 
fraction) acceptable for the fossil track 
observation were presented as a randomly 
localised in the meteorite piece by size of 
~(3×5) cm. After consecutive chemical track 
revealing reaction by the well known 
procedure [7] the next track parameters were 
determined: 1) the inter-surface track-density 
(ρ) in individual silicate grains; 2) statistical 
ρmin, ρmed and ρmax values; 3) presence or 
absence of the grains with the depth-dependent 
track-density gradient. 
    For an investigation of a meteorite shock - 
thermal history, the artificially induced 
thermoluminescence (TLIND) was measured 
[8]. For this, about 2 mg thin-crushed non 
magnetic fractions of the meteorite samples 
were used. After measurements of the natural 
thermoluminescence (TLNAT) samples were 
irradiated by X- or γ-rays and then TLIND was 
registered. 
   Results and discussion: Results of 
measurement of average values of the track 
density in each of the silicate grains under 
investigation from this chondrite are shown as 
histogram in Fig. 1. It is visible the presence of  
the two well defined crystal groups, average 
values of Gauss distributions for which 
(ρAV)MIN = (2.1 ± 0.4) ×105 cm-2 and (ρAV)MAX 
= (5.0 ± 0.5) ×106 cm-2 are significantly 
different with each other.  
    The received bimodal character of the 
crystals distribution on ρ values specifies that 
these silicate grains can be considered by the 

following variants of a radiation history of this 
meteorite matter. In the first, logically 
following from a ratio of the track densities in 
the crystals of two groups, that significantly 
predominant (more than 60 %) part of crystals 
under investigation contains the tracks 
concerning to the solar cosmic ray (SCR) VH-
group nuclei. This main characteristic was 
recorded already by us in examination of the 
preliminary results, obtained for the four 
chondrites [9]. The statistical track parameter 
of the solar cosmic ray irradiation NH/N > 0.6, 
where NH and N - numbers of crystals with the 
comparatively high track density and the 
common number of the investigated crystals, 
accordingly. Thus, among 67 investigated 
pyroxene and olivine crystals more than 60% 
of crystals have tracks  values  higher 2×106 

cm-2. These tracks could be constituted in the 
individual (not in all) silicate grains during or 
before accretion, or on the regolith stage of this 
meteorite parent body formation history. 
    TL-analysis of the Kilabo samples  has 
shown [8], that on the character of shock 
processing the matter of this meteorite apply  
to the group of S3.4 with corresponding rather 
moderate force of shock influence P ≤ 23±1 
GPa. These results are in a good coincidence 
with the data reported in [10].  
    Quantitative estimations of the pressure-
temperature correlation in the experimental 
investigation of the shock-loaded olivine-
bearing samples [11] indicate very low thermal 
effect. Defined in this work effect of simple 
“annealing” should occur preferentially during 
impacts where shock and post-shock 
temperatures remain relatively low. So, at 
pressures up to ~30 GPa determined post-
shock temperature for olivine samples were 
found to be less than ~350 oC. Only at the P 
~60 GPa the temperature achieve ~700 oC. 
Because the meteoroid formation impact 
process must be of short-lived shock 
occurrence, we can believe the practically total 
absence of the remarkable changes of the 
parameters for the previously accumulated 
tracks. Thus, with a high probability, it is 
possible to count,  that  the  silicate  crystals  in  
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the chondrite Kilabo with the high track 
density in the bimodal track-density 
distribution has been generated at an pre-
accretion stage [12] priority of a parent body 
regolith matter environment. At that, in the 
crystals which demonstrate ρ values smaller 
~106 cm-2, we can consider contribution to the 
total ρ from the SCR and galactic cosmic ray 
(GCR) VH-group nuclei. It is known, that due 
to the penetration depth of these nuclei in the 
regolith matter at the depth higher of near one 
millimetre, only GCR must be considered. At 
the energy up to tens and hundreds of 
BeV/nucleon nuclei achieves up to regolith 
depth of 20-30 cm and decreasing on intensity 
by 3-5 orders of magnitude, accordingly. At 
the same time, in crystals due to GCR protons 
induced reactions of nuclear fragmentation, the 
"background" track-density is formed. It is 
obviously, track-density of such origin must to 
be near the same in all silicate crystals, 
position of which in the regolith differ slightly. 
Our estimation indicate, that during about 4 
billion years of regolith stage the track-density 
in these crystals does not exceed ~ (103 -104 ) 
cm-2 . During time of the last of a space 
irradiation stage, being in a meteoroid body in 
each silicate grain, it is formed track-density 
defined by their depth-position from the pre-
atmospheric meteorite surface. During cosmic 
ray age Т >5 My [13] in the silicate grains 
from the meteorite Kilabo are storaged track-
density equal to (ρAV) MIN  in observed bimodal 
distribution.  
    One of the probable scenario of a radiation 
history of this meteorite follows from 
comparison of the track analysis results 
received  by   us   to   the  inert   gases   isotope  

composition and cosmogenic radionuclides 
data obtained in the work [13]. Assumed on 
their basis, a radiation history of this meteorite 
matter includes two base time intervals of the 
cosmic ray irradiation: during of 30-40 My in 
the composition of the parent body regolith in 
the large depth and then during of >5 My in the 
meteoroid under considerably small shielding 
layer of matter.  
    Note, that for the meteorite matter of two 
stage process of the cosmic ray irradiation was 
considered early [14].  
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   Fig. 1   
Histogram of cosmic ray track densities 
measured in the individual pyroxene and 
olivine crystal grains, extracted from the 
ordinary chondrite Kilabo LL6. Curves 
corresponding to two peaks of the grain 
distribution indicate the results of the Gauss 
calculation. 
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