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E. K. Gerling and L. K. Levsky

PRODUCTS OF COSMIC RADIATION IN
THE SIKHOTE-ALIN METEORITE

(Presented by Academician A. A. Polkanov, 14 VI 1958)

The investigation of the products of cosmic reactions in the iron Sikhote-Alin
meteorite is a continuation of our work on the study of isotopes of inert gases
in stony meteorites (!). In both stony and iron meteorites, inert gases have one
and the same source of origin, being products of deep-spallation reactions (2-7).
However, the interpretation of experimental data in the case of stony meteorites
is complicated by the complexity of their chemical composition. Iron meteorites
have a simpler chemical composition and therefore are a more valuable object for
study. We were interested in the following questions: 1) the study of the relative
content of the isotopes of light inert gases (He, Ne, A) in individual samples
of the meteoritic shower; 2) the investigation of the change in the content of
cosmogenic products with depth in a separate large specimen. The principal
object selected was specimen No. 2093 of the Sikhote-Alin meteorite.

Fig. 1

To clarify the question of the change in the content of inert-gas isotopes with
depth and to detect a possible maximum, which could be expected from calcu-
lated data (®), a core was taken from the body of meteorite No. 2093 in the
direction normal to the surface, which was covered with large regmaglypts. The
length of the core was 24 cm, the diameter 5.7 cm. The core material was con-
verted into shavings, with samples collected separately at distances of 0.6 cm
from one another. In this type of processing, in each of the layers a certain
amount of dust was obtained, enriched in troilite and schreibersite as the more
brittle inclusions. Subsequently all these fractions were mixed and investigated
(sample V). To extract the inert gases, the samples were melted in a previously
degassed graphite crucible by high-frequency currents. The details of the vac-
uum apparatus for purification and the procedure for measuring the evolved
gases have been described by us (1).

The results of the analyses are given in Table 1 and in Fig. 1. Examination
of the results shows that no monotonic change in the content of cosmogenic
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products with depth is observed. Nor is there the presence of a flat maximum,
which has repeatedly been mentioned (%, ). Subst—

Table 1

Sample A38 A36 oo He, He* He?,.; 3Ne, Ne?Ne?Ne??, g5 3 11 3
10 438 436 10—T1amBA 310610 BrambAC 310 81 a—8ua—sua-8 A siie” He
Nos.cm A*° A°° A°° 10~ "1din 1@ 16n°Kgn : 1@ 1On°@n°en L7 e

13 04 5.904.751.150.26 1.0 4.1 115
3 1.2 24.41.501.000.390.241.625.404.401.000.23 26

4 1.8 10.91.161.000.480.301.584.923.921.000.252.7 1.4 0.7 0.6 6.8 21 143
5 24 22.41.501.000.500.311.616.155.200.950.183.2 1.1 1.0 1.1 5.0 19 86
8§ 4.2 38.01.331.000.460.301.505.004.170.830.201.4 0.4 0.5 0.5 9.2 18 166
11 6.0 6.765.501.260.23

12 6.6 19.91.511.000.520.321.605.804.890.910.192.4 0.9 0.7 0.8 7.4 18 130
13/14.7 32.51.511.000.910.541.688.176.571.600.244.3 1.9 1.1 1.3 8.3 18 145
15 8.8 17.21.531.000.600.371.626.755.531.220.223.5 1.2 1.1 1.2 5.5 20 111
16 9.6 24.51.581.000.650.381.718.206.771.430.217.5 2.6 2.3 2.6 2.5 22 62

17 10.320.41.541.000.660.401.617.155.861.290.22 20
23 13.925.01.461.000.400.251.605.144.141.000.24 25
24 14.517.81.511.000.560.351.606.305.181.120.223.2 1.5 0.8 0.9 7.0 20 140
27 17.0 7.205.701.500.26 14 1.7 107
30 18.323.61.501.000.630.391.615.804.701.100.24 20
35 21.650.61.291.001.160.771.529.737.612.120.285.6 2.0 1.8 1.8 6.5 18 118
37 22.820.01.491.000.560.361.586.065.001.060.22 19
I 21.01.551.000.700.421.676.555.381.170.223.0 1.1 0.9 1.0 7.8 17 130

I1° 68.21.441.000.590.321.816.285.031.250.253.6 1.5 1.1 1.0 5.4 21 113
II1¢ 32.61.521.000.750.451.698.006.301.700.273.6 1.4 1.1 1.1 6.8 23 155
v’ 32.71.561.000.800.461.737.866.201.660.275.2 1.9 1.7 1.6 4.7 22 98
Ve 52.01.331.001.000.641.56812.09.902.100.2215.55.1 4.9 5.5 2.0 21 43
2052 93.21.141.000.380.241.603.753.000.750.242.0 0.8 0.6 0.6 6.3 20 125
7035 182 0.841.000.250.151.732.281.840.440.24 0.4 6.3 18 110
7159 198 0.561.000.028.021.330.490.420.070.16 25

1 g —distance from the surface of the meteorite.

2 Ratio of the corrected values of A3® and A3%, considering practically all A4°
to be atmospheric.

3 Samples from No. 1 to V belong to specimen No. 2093.

4 Average sample; shavings obtained in drilling out the core; the average values
from 5 experiments are given.

5 Layers Nos. 2, 10.

6 Layers Nos. 6, 7, 9, 19, 24, 26, 28, 31, 32, 33.

7 Layers Nos. 34, 38.

8 Powder enriched in troilite and schreibersite.

the existence of this maximum is generally doubtful, if one takes into account
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that the primary particles are distributed over an energy spectrum of a power-
law character. Maxima for different energies will occur at different depths, which
will completely smear out the overall curve. A preliminary calculation based on
the data of Fireman’ s work (T10) shows the absence of a maximum on the
curve.

The content of cosmogenic products, as shown in Table 1, varies on average
by a factor of 15-20 between the richest and the poorest samples. Obviously,
samples with a low content of cosmogenic products belong to the deep layers
of the meteorite. Assuming that the radius of the fallen meteorite before its
final fragmentation was approximately 100 cm, one may calculate the mean
absorption length, which turns out to be equal to 280 g/cm?. The value obtained
corresponds to the mean absorption length of the star-producing component in
dense substances (for carbon 166 g/cm?, for aluminum 200 g/cm?, for lead 350
g/cm? (T11)). Investigation of a larger number of individual meteorite samples
will refine the value obtained, apparently in the direction of decreasing it.

Let us consider the data of Table 1. In the case of argon the cosmogenic isotopes
are A3® and A36. A0 enters the vacuum apparatus from the air and is an
unavoidable contaminant. The content of K% in iron meteorites is too negligible
to explain even a small part of the A% found. The mean ratio A38/A36 = 1.62.
The larger yield of nuclei at isobar 38 relative to the yield of nuclei at isobar
36 is caused by the decrease in the number of nucleons that must be removed
from the iron nucleus, and also by the different distance of the nuclei from the
bottom of the valley of stability.

For neon, as in the case of stony meteorites ("1), an approximately equal content
of all three stable isotopes is characteristic. The mean ratio A3®/Ne?! for several
samples is 6.8. This value may be compared with the ratio of the number of
stars giving, as the residual nucleus, respectively A3® and Ne?!. To obtain A32
and Ne?! nuclei from an Fe®S nucleus, it is necessary to remove respectively 18
and 35 nucleons. On the basis of the work of Lanius (T12) one may assume that
stars associated with the formation of A3® and Ne?! will contain, respectively,
6-7 and 13-14 shower particles. The ratio of the number of stars with 6-7 rays
to the number of stars with 13-14 rays at high altitudes is 6.5 (713, 714). The
relative yield of A and Ne isotopes makes it possible to estimate the energy
of the primary particles (715, ~16), which turns out to be equal to 1000 MeV.
The value found is somewhat smaller than the accepted mean energy of cosmic
particles.

The helium isotopes He* and He? are mainly evaporation particles, and only a
small part of them is produced by fragmentation. The variations in the ratio
He3 /He*, generally speaking, go beyond the limits of experimental error. Evi-
dently, these variations should be explained by a not quite uniform distribution
of radioelements in the meteorite, which give a greater or lesser background
of radiogenic He*. The value of the ratio He®/He?* is characteristic for sample
No. 7159. With the overall low helium content (which determines the assign-
ment of sample No. 7159 to the deep layers of the meteorite), the radiogenic
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background evidently begins to show itself here; for the other samples it is not
of significant importance. Taking the ratio (He® + H?)/He*_k = 0.3, where
He? k is the cosmogenic part of He?, we obtain a value of 0.2 -107% cm?/g
for the mean content of radiogenic helium in the meteorite. Another possible
explanation for the relative decrease in the He® content in this sample may be
that the mean energy of the incident particles is lower, and correspondingly the
relative yield of a-particles is higher.

As is not difficult to see from Fig. 1 and Table 1, some subsamples of sample
No. 2093 give an increased content of cosmogenic products. It was noticed that
these subsamples coincide with those portions of the meteorite where inclusions
of troilite FeS and schreibersite (Fe, Ni,Co)4P are most highly developed.

To establish the dependence between the content of light elements and the con-
tent of cosmogenic products, a chemical analysis of several samples™ was carried
out. The results are given in Table 2. The increase in the content of neon iso-
topes, for example in sample V, is not surprising. The cross section for the
formation of neon from light nuclei (S, P) is greater than the cross section for
the formation of the same isotopes from iron nuclei. More complicated is the
explanation of the increase in the content of cosmogenic argon isotopes in the
same regions, since neither phosphorus nor sulfur by themselves can be sources
of the formation of argon isotopes. Evidently, one should consider reactions of
iron nuclei with secondary particles, whose yield for light nuclei increases. The
ratio He?/A3® in sample V did not change relative to the other samples, which
indicates the common origin of the cosmogenic isotopes of helium and argon in
sample V.

Table 2

Sample Nos.* P, % S, % Fe,% Ni,% Co, %

13/14 0,26 0,29 93,74 5091 _
1T 0,20 0,005 94,02 6,01 _
I 0,25 0,01 9384 6,12 048
v 745 235 7948 11,12 0,33

* The numbering of the samples corresponds to the numbering in Table 1.

There are no direct indications of an assumed increase, in the case of light
nuclei, in the yield of secondary particles capable of producing nuclear spallation.
Rather, on the contrary, the multiplicity of shower particles increases on passing
to nuclei of higher atomic weight. Comparison of the data of Tables 1 and 2
does not reveal a direct quantitative relation between the content of light nuclei
and the content of cosmogenic isotopes. Further investigations are needed for a
complete explanation of the indicated phenomenon.

In conclusion it should be stated that the experimental data presented cast
doubt on the conclusions of works (3, 7) concerning depth effects found for
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some meteorites.

Laboratory of Precambrian Geology
Academy of Sciences of the USSR

Received
10 VI 1958

CITED LITERATURE

1.

10.

11.

12.

13.

14.

15.

16.

17.

E. K. Gerling, Bull. Commission for Determining the Absolute Age of
Geological Formations, vol. 1 (1955); E. K. Gerling, L. K. Levsky, DAN,
110, No. 5, 750 (1956); Geochemistry, vol. 7, 59 (1957).

K. V. Trofimov, K. G. Rikh, DAN, 102, 911 (1955).

A. P. Vinogradov et al., Geochemistry, vol. 6, 443 (1957).

P. Reasbeck, K. J. Mayne, Nature, 176, 733 (1955).

E. L. Fireman, D. Schwarzer, Geochim. et Cosmochim. Acta, 11, No. 4,
252 (1957).

W. Centner, J. Zahringer, Geochim. et Cosmochim. Acta, 11, 60 (1957).
J. Geiss, Chimia, 11, No. 12, 349 (1957).

C. R. Martin, Geochim. et Cosmochim. Acta, 3, 288 (1953).

R. Sheline, J. Hooper, Nature, 179, 85 (1957).

E. L. Fireman, J. Zahringer, Phys. Rev., 107, 1695 (1957).

B. Rossi, High-Energy Particles, 1956.

K. Lanius, Nucl. Phys., 3, 391 (1957).

N. Page, Proc. Phys. Soc., 63, 250 (1950).

J. R. Brown et al., Phyl. Mag., 40, 1073 (1949).

A. N. Murin, I. A. Yutlandov, Geochemistry, vol. 1 (1957).

C. Rudstam, Spallation of Medium Weight Elements, Upsala, 1956.

F. Paneth et al., Nature, 172, 200 (1953).

sovietrxiv.org/items/ru-195801.88242 Machine Translation


https://sovietrxiv.org/items/ru-195801.88242

* We are deeply grateful to V. S. Bykova for carrying out the chemical analyses.
Note: Figure translations are in progress. See original paper for figures.

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the
original.
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