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Only a few minerals in meteorites (mainly phosphates) contain small amount of uranium;
the fact that *®U undergoes fission with fission-decay constant As ~8.2x1077 yr” allows one to
use this isotope as a chronometer. By measuring the U concentration in the crystals (by reactor
irradiation) and the density of the spontaneous-fission tracks it is relatively easy to calculate the
"fission-track age” if *®U is the main source of fission tracks.

However the fission-track dating of extraterrestrial samples compared with the terrestrial
ones has some peculiar features due to presence of a number of other potential track sources
except the spontaneous fission of 238, such as the spontaneous fission of presently extinct >*Pu,
heavy nuclei of cosmic rays and induced fission by cosmic ray primaries. Only tracks from the
spontaneous fission of U and Pu are suitable for fission-track dating. The competing effects of
these fissioning elements, whose half-lives differ by a factor of ~50, form a basis for a fission-
track chronology for samples older than ~ 4.0 Gyr. Over small intervals in time (~ few x10° yr)
the track density from spontaneous fission of 2*U is nearly constant. However, the contribution
from ***Pu doubles every 82 Myr providing a very sensitive measure of the age of a studied
sample.

The results of the determination of the fission-track age of the Marjalahti pallasite (stony-
iron meteorite) are presented.

Thorough examination of fossil tracks in the phosphate (whitlockite) crystals coupled with
U content determination in whitlockites allowed us to estimate the contributions of all possible
track sources to the total track density and to calculate a value of the mode] fission-track age. It
was found out that whitlockite crystals of the Marjalahti pallasite contain fossil tracks due to
galactic cosmic rays (VH, VVH nuclei); induced fission of U and Th by cosmic rays;
spontaneous fission of “**U; spontaneous fission of extinct short-lived 2**Pu nuclei presented in
significant quantities in the early solar system. The initial ratio (***Pu/*U), at the time of the
pallasite parent body formation (taken as 4.6x10° yr) was estimated as 0.015. A great track
density attributed to the extinct ***Pu testified to the high value of the fission-track age. The
model fission-track ages of (4.37£0.02)x10° yr for the Marjalahti pallasite was calculated.

The comparison of the represented data with petrographic analyses allowed us to interpret a
value of the fission-track age as the time of the last intensive shock/thermal event in the cosmic
history of the pallasite.
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Monthly values of A; - activity of "Be in atmospheric fallouts in 2004-2005 in Samarkand
(research was done with method [1]) with corresponding data on P; — quantity of precipitation [2],
Si — visual indices of solar activity of small symmetric semishadow class [3], average values
qi~=(Si.1tSi)/2, S{P; and q;P; (standardized values of A’=Ai/54 Bk/m® and P’=Pi/44,5 mm are
used) — figure 1, are compared in this work.
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Consideration of these dependencies (figure 1 and tables 1 and 2) shows: A; is minimal
when Pi=0 and are maximal when P; and q; are maximal, but for intermediate values of A; straight
dependence from P; and q; is broken in many cases, - A; variations character are better reproduced
by SiP; and g;S; values.

Conducted analysis allows to conclude:

- A; variations character is most satisfactorily described by multiplication of qP,
- For satisfactory quantitative description of A; variations necessary, besides S and P

values, to consider factors, connected with different processes taken place in atmosphere.

Table 1. Values of A’;, P’;, S;, S;P’;, and qiP; in 2004 and 2005
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Year 2004 2005
Months | AT | P | S | SP| q | qP' | A" P S [ SP'| q | qP
1 1.92 | 1.91 | 0.67 | 1.28 | 1.33 | 2.54 | 2.25 0.94 0.92 1 0.86 | 0.67 | 0.63
2 1.08 | 0.37 | 1.07 [ 0.40 | 0.87 | 0.32 | 0.79 0.56 0.59 1033 10.79 | 0.44
3 2131244 | 078 1 1.90 [ 0.92 | 2.24 | 1.83 1.45 0.1310.19 [ 0.36 | 0.52
4 1.71 | 1.13 | 0.91 | 1.03 | 0.85 | 0.96 | 1.54 0.42 0.95] 040 | 0.54 | 0.23
5 246 1097 | 1.19 | 1.15 { 1.05 | 1.02 | 3.83 0.72 0.19 1 0.14 | 0.57 | 0.41
6 0.46 0.72 0.96 0.71 0.19 0.00 0.10 | 0.02
7 1791 0.30 | 0.54 | 0.16 | 0.63 | 0.19 0.79 0.40
8 0.58 0.78 0.66 1.83 0.35 0.35]0.12 1057 | 0.20
9 0.46 0.55 0.66 0.31 0.33
10 1.54 | 0.48 | 1.00 1 0.48 { 0.77 [ 0.37 | 0.71 0.11 0.10 | 0.01 | 0.20 | 0.02
11 542 1266 |2.00 | 532]1.50| 400138 0.74 0.17 1013 | 0.14 | 0.10
12 2.50 | 1.82 1 0.43 | 0.78 | 1.22 | 2.22 | 2.00 0.41 0.36 { 0.15 | 0.26 | 0.11
Fig. 1. Comparison of

values of A’/2 (shadowed)
with P%, Siqi, SiP’i, qiP’
(light) in 2004 (1,2,..., 12)

and 2005 (1°,2’, ..., 12°)
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Table 2. P'/A", S/A', g/A’, SP"and gP' ratios in 2004 and 2005
Year 2004 2005
Month | PYA'| S/A'| g/A' SPY/A' gP/A' | PYA'| S/A g/A' | SPYA'| qPYA'

1 1.00 035 |0.69 |0.67 1.32 042 041 030 [0.38 0.28
2 034 | 1.00 {0.81 |0.37 0.30 071 1075 | 1.00 |0.42 0.56
3 1.15 [ 0.37 1043 10.89 1.05 0.79 10.07 1020 |0.10 0.28
4 0.66 [0.53 10.50 |0.60 0.56 027 1062 1035 |0.26 0.15
5 039 [0.48 | 043 | 047 0.4] 0.19 [0.05 [0.15 |0.04 0.11
6 1.56 |2.09 0.27 0.14 0.02
7 0.17 1030 10.33 |0.09 0.11

8 134 | 1.14 0.19 10.19 [0.31 0.07 0.11
9 1.20 ] 1.43

10 031 |0.65 10.50 |0.31 0.24 0.15 |0.14 1030 {0.0] 0.03
11 0.49 037 1028 [0.98 0.73 0.54 10.12 [0.10 |0.10 0.07
i2 0.73 [0.17 ]10.48 |0.31 0.89 021 10.18 |0.13 |0.07 0.06

Avg 0.44 069 |0.76 |0.39 0.47 031 1021 025 |[0.12 0.14
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The total external reflection (TER) effect for X-rays was experimentally discovered by
Compton in 1922 [1]. This phenomenon is observed at the incidence of X-rays on the boundary
between two media at the angles which are smaller than the critical. The latter is given by the

following formula:
0, =eh(ZN ,p/ Am,e,)"" 1 27E, (N
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