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   Introduction: In resent years, there has been a 
considerable interest in the processes of the silicate 
elements redistribution due to radiation influence. It 
was showed [1] that radiation-stimulated diffusion in 
the solid matter can be resulted in their essential 
chemical modification. Cosmic ray influence on the 
chemical and stracture-phase composition of the 
interplanetary dust silicate particles was considered 
[2]. Modeling of chemical modification of the 
silicates in the protoplanet envirinment under 
radiation induced diffusion was performed in the 
work [3]. In our investigations [4] of the lunar 
regolith matter it was shown the possibility of 
measuring the radiation effects from the solar cosmic 
ray (SCR) nuclei of the VH-group (iron group 
23≤Z≤28) in the individual silicate microcrystals. 
Due to charge, mass and energy of the cosmic ray 
nuclei in the exposed silicates different radiation 
effects can be influenced [5]. For these reasons 
investigations of the redistribution inside an 
individual lunar regolith silicate microcrystals 
subjected to different exposure SCR protons and α - 
particles dose, are important. In this report the new 
results on investigation of the radiation parameters in 
the individual olivine micrograins of the lunar 
regolith matter andthe first results of the chemical 
modification observed in the some searched crystals 
are presented. 
   Samples and experimental procedures. 
   The olivine grains of size fraction 127÷200 µm 
used for track and chemical analysis have been hand-
picked from the sample 24,184 of the Luna 24 soil 
column. After polishing and chemical etching for 
revealation of tracks track density measurements 
using optical microscope at 1200x magnification was 
carried out. For each of 65 grains under investigation 
the total number of the marked tracks was taken for 
the calculation of the average surface track density 
value. No grains with outstanding track density 
gradient inside of the individual crystal volume was 
observed. For 11 crystals on the freshly revealed 
internal cut-off surfaces the chemical composition 
profiles with the help of electron microprobe 
technique was measured. After it, on the same crystal 
surfaces chemically etched VH-nuclei tracks were 
observed. Estimation of the total proton and α-
particle exposure dose was done on the base of 
experimentally established VH-nuclei track 
production rate (dρ/dt)X vs depth (X) of scoop near 
lunar regolith surface. For the shielding surface layer 
from 2×10-3 cm up to 10-1 cm  (dρ/dt)X = 1.2×X-0.75 
track/cm2 yr. [6]. Thus, the olivine grains that do not 
demonstrate a well-defined track-density gradient and 
have uniform track distribution of ρ = 106 ÷ 107 
track/cm2  have been exposed near the submillimeter 
regolith depth for the time T = 1÷10 m.yr. 
Corresponding SCR proton and α-particle integral 

fluxes estimated in that way were obtained (see Table 
1). Calculation of the implant range profile of protons 
and α - particles [7] indicate that at E ≥ 10 MeV/ion 
induced degree of the crystal lattice damage varied 
along the olivine grain depth within the limits from 
some up to ~50 %. 
Results and discussion: Track densities and 
accounted protons and α - particles dose values 
detected in the 11 individual olivine grains, are 
presented in Table 2. Practically all observed tracks 
are due to VH nuclei  of the solar cosmic rays. Note 
track density due to spontaneous and induced fission 
of Th and U is negligible small (≤1×104 track/cm2 ) 
and is not taken into account. Results of the chemical 
analysis are presented in Table 2. 
Figure 1a shows the obtained correlation dependence 
between  SiO2 average in each crystal concentration 
(wt %) and track  density (ρ). By the same manner 
the relative Mg and Fe concentration (atom %) vs. ρ 
in the complete analysed olivine crystals from the 
Luna 24 column are showed in Figures 1 b,c. 
Determined values of the correlation coefficient R are 
equal: - 0.63±0.19 for SiO2, - 0.54±0.21 and  
0.54±0.21 correspondly for relations of Mg/(Mg+Fe) 
and Fe/(Mg+Fe) (atom %). Meaning of these 
coefficient are in the level of 0.90÷0.95, that give 
possibility to consider obtained correlation as 
reliable. 
Conclusion: On the base of the first-step obtained 
results we can state quantitatively, that: (1) In some 
lunar regolith olivine grains it can be observed 
changes in Mg, Fe and Si concentration practically no 
sloping from edge to edge inside of the single 
crystals. This can be due to comparatively high dose 
values (up to ~1016÷1018 protons/cm2 and ~1014÷1016 

α-particles /cm2) of the SCR irradiation that is 
initiated the high effective radiation-induced 
diffusion process. (2) Chemical composition vs.track 
density correlation (see Fig.1a,b,c) in the searched 
olivine samples from the Luna-24 column soil gives 
the preliminary, firstly-known results about the SCR-
nuclei influence on the chemical modification in the 
single silicate grains. (3) Estimated age of the near 
surface (up to 0.1 cm depth) SCR irradiation and the 
accountable proton and α-particle energy spectrum 
are the main quantitative parameters for the doing of 
more accurate calculation of the total proton and α-
particle exposure dose values.  
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Table 1. Radiation parameters of the solar cosmic ray exposure in the searched olivine grains from  the Luna-24 soil  

Dose,  cm-2 (×1017)    (***)  
Group 

Nomber 
of 

grains 

Track     Density, 
ρ cm-2  (*) 

 

Exposure 
Age, 

m.y. (**) 
 

Protons 
 
α - particles, 
 

I 

II 

III 

14 

29 

22 

≤1.5 ×105

(0.3÷0.8)×106

(0.2÷3.0)×107

≤ 0.015 

0.05÷0.12 

0.3÷4.5 

≤ 0.05 

0.15÷0.36 

0.9÷13.5 

≤0.0035 

0.01÷0.025 

0.06÷0.9 

(*)     Track density (ρ) values for VH-nuclei of the SCR, EVH=(10÷100) MeV/nuclon. (**)   Estimation by 
relation ρ0.1 cm=6.7×106 track/cm2⋅m.y. (***) Accounted on the integral flux of the SCR protons: IP,E≥1MeV = 104 
protons/cm2⋅s. Integral flux of the SCR α-particles Iα,E≥1MeV/nucl = 0.07× IP,E≥1MeV particles/cm2⋅s . 
 

Table 2.  Track  density, ρ, SiO2 average concentration (wt %) and relative Mg and Fe concentration (atom %) in the 
complete analysed olivine crystals from the Luna 24 column 

Sample ρ 
cm-2

SiO2
wt % 

Mg/(Mg+Fe) 
atom % 

Fe/(Mg+Fe) 
atom % 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

4.0×103

2.0×103 

2.3×105 

8.0×104 

1.0×104 

5.5×105 

3.0×104 

9.0×104 

5.3×105 

4.5×104 

8.0×106

38.6±0.2 
37.3±0.1 
29.5±0.1 
52.6±0.1 
35.3±0.1 
37.6±0.1 
32.9±0.1 
34.9±0.1 
34.2±0.1 
33.4±0.1 
29.6±0.1 

0.74 
0.69 
0.05 
0.69 
0.55 
0.66 
0.32 
0.71 
0.54 
0.45 
0.11 

0.27 
0.31 
0.95 
0.32 
0.45 
0.34 
0.68 
0.29 
0.46 
0.55 
0.89 

  - 0.63±0.19 (*) - 0.54±0.21 (*) 0.54±0.21 (*)

(*)  Correlation coefficient R in relation of  SiO2 (wt %), Mg/(Mg+Fe) and Fe/(Mg+Fe) (atom %) concentrations vs.  
ρ (see Figure 1a,b,c). 
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Fig.1. Relation of  SiO2 (wt %), Mg/(Mg+Fe) and Fe/(Mg+Fe) (atom %) concentrations vs. track density ρ. 
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