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I. Element Separation in Protoplanet Nebula 

In the proc ss of its evolution the universe is constantly enriched 
with heavy elements. This problem is very important at present. Among a 
namber of works on this subject the most notable are those concerning 
the abundance of heavy nuclides. 

We do not aim to give a review of these works and only analyze some 
of them with the new approach to the relative element abundance (EA) in 
diverse objects based on the Periodic Law. 

EA in galactic cosmic rays (GCR), in solar energetic particles 
(SEP) and in bodies of the Solar System (SS) is mainly dependent on 
processes of nucleosynthesis and element separation. The latter are not 
fully determined because of their diversity. The laws of nucleosynthesis 
are studied better. With the aid of these laws the EA of the 
Sun and local galactic propagation (LGP) *• ' •'were evaluated. The 
estimates of the EA are --.-lose to the values measured in solar 
atmosphere^ .̂ 

However, the attempts to predict the element composition of Mars or 
of the Earth's satellite, the Moon ', were not so successful, which was 
caused, maybef by the fact that element separation process in 
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protoplanet nebula, which was predicted in l J, was not taken into 
account. In [5] new experimental facts were reported confirming the 
above supposition. The new approach to data analysis of EA in bodies 
under comparison was found, which permitted to decrease the obscuring 
influence of the matter differentiation in planets. With this aim there 
were compared not the absolute values of element concentration-K in 
diverse bodies, but K-ratios of chemical analogs, which after Mendeleev 
must have smaller values of separation coefficient in natural 
physic-chemical processes than other element pairs. 

Strictly speaking, chemical analogs are the elements with similar 
structure of outermost electron shells, i.e. as a rule the elements of 
the same subgroup of the Periodic System. In a more wide sense chemical 
analogs may be considered the elements of one group and even the 
elements of different groups but having the same stable 
oxidation-reduction state, e.g., A l 3 + - Fe 3 +, M n 2 + - Fe 2 +, M o 3 ' 4 ' 6 + -



и ' ' . However, the conditions, at which the matter differentiation 
processes took place should be taken into account. 

Table 1 
The concentration ratios K,/K for some pairs of elements-chemical 

analogs Z 1 and Z_ in a superficial samples of the rocks of Venus, Earth, 
Mars and meteorites 

R(a,e) 

V Z 2 
0.72 

V e n u s / 6 / 

1.00 
Earth' 3'* 

1.52 
Mars/ 7/ 

2.8 
/3/** Meteorites' ' 

Mg/Ca 1.0*0.5 0.6*0.2 1.3*0.2 8.8*2.8 
Mg/Sr 50.2*8.1 (6.7*1.6) 1 0 2 (1.1*0.2) 10 4 

Ca/sr 91 .3*10.6 (5.3*1.3) 1 0 2 (1.2*0.3) 10 3 

Al/U (7.9*4.9) 10 4 (4*2) 10 4 (6.3*3.3) 1 0 5 

Fe/Al 0.9*0.3 0.7*0.2 16.7*5.4 
Si/Ti 38.3*19.8 72.5*11.0 (2.8*3.8) 1 0 2 

* Average values K 1/K 2 for lithosphere, rocks, clays, sandstones and 
shales. 
** Average values for 3-class of meteorites, see table 3. 

Table 1 gives the concentration ratios - К,/K of pairs of the 
elements-chemical analogs for some bodies of the Solar System. We can, 
therefore, see that Kj/K2 for the samples of Venus is, probably, less 
or at least equal, for sample of Mars and for meteorites is considerably 
(of several orders of magnitude) greater than Kj/K, of the Earth rocks. 
Thus, the relationship Kj/K2 = f(R) was found, where И is the average 
distance of a body from the Sun. This fact correlates with the 
supposition of element separation before planet formation' '. And 
really, influenced by photon irradiation of protosun, in a protoplanet 
nebula the ionization processes, the photo-induced processes of 
magnetism and drift of atoms, ions, molecules and aerosol particles 
might as well take place1 . Influenced by magnetic field element 
separation would be mainly determined by the part of ionized atoms in 
each element. In a first approximation the relative part of the ions in 
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different elements can be shown as: 

K + - № [(1 - - V H ) p
H
 + d - -Д- »PHe + { 1 - ~L ̂ T > рНв +1, where 

EA EA EA 
№ = (i - — )PH + (i - т^)Р„ е + (i - -L—Г>рне+- w h e r e E A -
electron affinity. 

NU-1>* [ ( 1 _ 3 - ) P H
 + ( 1 - -1^- , PHe + l1 - -J^f >PHe+> 

(members with I. > L. are equal to zero), where I. are ionization 
potentials of valent electrons of the elements; L, , ionization 
potentials (optic limits) of H,He atoms and He ion; рн' рНе' рНе + * 
probabilities of the irradiation of one of the protons by the 
protosun with energy equal to given L., which have the values (eV): 
13.5985, 24.5876 and 54.4182 respectively. This probabilities sum is 
equal to one and their values are: 0.8352, 0.0272 and 0.1376 
respectively. When estimating these probabilities the ratio of H and He 
abundances was taken equal to 7.60 : 1.50 (close to that of the Sun). 

Table 2 lists the estimation values of J for some elements. It 
should be noted that for all elements-chemical analogs listed in tables 
1,3 and 4 with the order number Z. and Z_ the condition of J_/J1>1 is 
stipulated. So K-/K- growth with R increasing can be explained by the 
fact that Z, element has greater 1-J part of neutral atoms freely 
drifting in magnetic field than Z. element. The matter differentiation 
in the body of planets could not lead to K-/K- = f(R) dependence. 
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Table 2 
Energy of forming of simple substances, oxides, E and a fraction of 

ionized atoms of chemical elements 

El-t _. iiiYl- J El-t _:LiSYl._ J El-t ..itieyi . J 
1 2 3 4 5 6 7 8 9 

[H] 1.61 0.10 Zn 1.87 0.43 * I 1.39 0.28 
Ne 0.08 Ga 1.21 0.65 Xe 0.23 * С 0.9Э 0.27 * Ge 0.78 0.50 Cs 1.2 0.78 
[N] 2.15 0.12 As 1.3 0.38 Ba 3.02 0.90 * 0 1.62 0.11 * Se 1.41 0.35 La 3.82 0.81 * F 4.28 0.09 * Br 1.93 0.20 Ce 3.84 0.85 
Ne 0.09 Kr 0.13 Yb 3.84 0.73 
Na 1.52 0.66 Rb 1.2,6 0.76 Lu 3.96 0.75 
Mg 3.17 0.56 Sr 3.15 0.81 Hf 3.91 0.58 
Al 3.51 0.65 Y 3.72 0.73 Та 3.10 0.52 
, * 

Si 
1.63 0.46 Zr 3.84 0.61 w 2.04 0.52 

P 2.35 0.33 № 2.18 0.57 Re 1.56 0.54 * s 1.87 0.31 Mo 1.96 0.56 OS 0.92 0.44 * CI 2.32 0.13 Ru 0.82 0.52 Ir 0.71 0.10 
Ar 0.12 Rh 0.54 0.52 Pt 0.46 0.40 
К 1.35 0.74 Pd 0.66 0.47 * Au 0.32 0.37 
Ca 3.58 0.74 Ag 0.23 0.51 Hg 0.58 0.36 
Mn 2.09 0.58 Cd 1.44 0.46 Tl 0.72 0.64 
Fe 1.47 0.54 In 1.51 0.67 Pb 1.24 0.54 
Co 1.31 0.52 Sn 1.57 0.54 Bi 1.18 0.55 
Ni 1.32 0.52 Sb 1.62 0.46 Th 3.25 0.77 

Cu 0.68 O.SO * Те 1.09 0.40 и 2.91 0.61 

• Based on solar abundance for с and its analogs SI and Ge the average E 
values of oxides and hydrides are taken. Pb and Sn in gaseous state do 
not form stable hydrides. MgS, MgSe t12', H g T e [ 1 2 )

t MgCl, MgBr, Mgl and 
CaF are taken as the most stable compound* with nost abundant metal. To 
form these compounds Kg would need only 15% of its atoms. For Ca the 
average E of fluorides and chlorides was taken, since F has not enough 
atoms to bind all Ca. For Au - Au(OH) 3

t l 2 Ivas taken, as oxides of Au in 
gaseous state are unknown. 
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Table 3 summarizes K,/K2 ratio of even more pairs of elements, which 
abundance was determined in igneous and granite rocks of the Earth and 
three classes of meteorites. These data shows also that the bodies 
further from the sun are enriched with elements with lower value of J. 
There are another experimental results confirming element separation. It 
is known, for instance, [11] that K./K- of the noble aases He-Ne, Ne-Ar, 
Ar-Kr, tnd Kr-Xe in the Earth's atmosphere is equal approximately to 
0.1, 0-5, 25 and 7.5 and in cosmic objects - 1200, 28 and 7600 and 17 
respectively. 

There is no doubt that from the К./К. = f(R) ratio one can derive 
the predictable consequence. It is naturally to suppose that the less 
differentiatea matter of the Solar System is the matter of *-he Sun 
itself, since in contrast to protoplanet nebula the protosun had 
significantly stronger gravitational field, which impede element 
separation process. For example, Venus in comparison to the Earth is 
probably depleted in elements with the small J (see table 1), but not so 
much as the Earth with respect to other outer bodies of thfc SS- Mercury 
composition is of even more interest for investigations. Tables 3 and 5 
give K./K for solar atmosphere, the Earth and meteorites. These data 
shows that the chondrites (even the carbonaceous ones) cannot be 
considered the source material of the SS, since the Sun, which has 
considerably higher values of K_/K_ ratio for a number of chemical 
analogs (e.g. H-Na, Na-Rb, C-Pb, Si-Sn and others), could not be formed 
from the same material with the chondrites. These data (see table 3,5) 
would better agree with the fact that it is the Sun that has less 
differentiated matter and the chondrites, equally to the Earch, had 
formed after element separation in protoplanet nebula. 

Further, if the elements with the email J were mostly moved away to 
the periphery of the SS, then having J*0.1 one can suppose that the 
oxygen and hydrogen were among then. From the other hand, the initial 
abundance of oxygen is three orders lower than hydrogen. Therefore, at 
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relatively low atomic concentration of hydrogen in the Earth there must 
be so low concentration of oxygen that the silicate layer of the Earth 
cannot extend to all volume of the mantle. May be for this reason at 
the depth of 400m in the mantle the sound waves sharply change their 
velocity of propagation. In *• * other experimental data confirming this 
consequence from K./K =f(R) ratio are presented. 

It is well known that at periphery of the SS the Oorth nebula was 4 discovered R = n*10 a.u., which, apparently, is formed by comets. So 
K./K of comets, according to K./K. = f(R) function, must be 
considerably higher than that of chondrites. In Halley's comet dust for 
the C-Si chemical analogs pair K./K- =* 13 ^ *, which approximately 30 
times exceeds K./K_ of carbonaceous chondrites. Hence, among the 
material falling on the Earth a matter would be present, which has К /К, 
of respective pairs of chemical analogs considerably higher than that of 
the meteorites. Taking into account all above stated we shall compare 
the composition of meteors and meteorites. The absolute values 
comparison is hampered by low measurement accuracy of element 
composition of meteors. Table 4 summarizes K

T / K
? values of 

elements-analogs. Note that K]/K 3 values of all the chondrites of 
various types are very close, which does agree with the supposition of 
the existence in the place of asteroid belt of its common mother-body (a 
certain planet), ГЪ2.8 a.u. In such a case the difference in chondrites 
and iron meteorites composition would be determined by high-temperature 
oxidation reduction processes, when the differenciation of iron nucleus 
of the planet took place. It is significant the similarity of K./K for 
Fe-Ni for chondrites and iron Meteorites, which does agree with the 
similarity of their behavior in high-temperature processes. 

From table 4 is clear that among the meteors not more than 60% have 
K,/K- close to meteorite values. However, as it was supposed above there 
are other meteors with considerably higher K./K.. Host probably it is 
the comet material. If it is true, traces must be found proving the fact 
that the addition of comet water to the Earth takes place. And really, 
recently it became known about the flashes in the Earth's atmosphere 
observed from the satellite. The measurements have shown that 

In order to explain this 



Table 3 
Concentration ratio К /К for elements -chemical analogs Z,/Z, of 

the Earth and other objects of the Solar System 

Obj ects Earth 
Igneous 

/V Meteorites /3/ 
stone iron 

(granite) I £&°04Е1£ё§ 
rock j(stone jcarbonac.) 

Brines 
I /IV 

Sea * water 

I (stone jc 

„/V* 

5_ 
1.2 H/Na 5.9 10" 2 8.0 10 2 

(2.3 10" 2) 
Na/Cs 2.4 10 4 7.8 10 4 

(5.3 10 3) (7.0 10 4 2.9 10 ) 
K/Cs 

(7.0 10 3) (8.5 10 3 

2.0 10 7.0 10 (9.6-5.7) 10" 

Rb/CS 90.0 
(40.0) 

Ag/Rb 7.8 10~ 

45.0 
( 50.0 

Au/CS 4.0 10 
(1.6 10 

AU/CU 7.0 lo" 

•3) (1.7 

7.9 10 ) 

12.1 ) 
l.C 

0.2) 
l.C 

0.95) 

27.4-«.6 

O" 2 

4.0 10 ""A-ll 
6.3 10" 3A-12 
2.3 10" 2L-16 

-i§-2 iuZll—il-1 l°Z! i-2 ioI 3 i_ 
Mg/Ba 54.8 1.8 10 4 1.2 10 4 60.0 4.4 1 0 4 (2.0-0.3) 10 2 

(39) 
Ca/Ba 81.33 2.2 10 

(13.0) 
Sr/Ba 0.9 1.7 

(0.2) 

(2.3 1 0 4 2.4 10 4) 

(2.3 1 0 3 2.8 10 3) 
1.4 1 0 4 (2.5-1.0) 10 2 

12.0 27B.0 
(1.7 

нд/ва 1.9 lo" 4 l.i l o - 3 

(0.5 
Hg/Zn 1.2 10~ 3 3.0 10~ 3 

2.0 ) 

0.3 ) 
io"S» 

(5.0±2.5) 10*5 i.o 10" 2 1.2 10" 2L-16 



Table 3 (continued) 

1.0 10~ 3 (6.0 Ю - 2 3.0 10~ 3) 
Hg/Cd 0.4 (6.0^3.0) 10*^ 0.04-5.0 1.3 L-16 

£0. з| iigr.o l.gi 
Ga/Tl 33.3 3.4 3.0 (4.9^2.2) 10 3 

(8.7) (3.0 1 0 3 1.0 10 3) 
V/La 1.1 3.0 4.1 6.7 A-ll 

(0.7) (2.7 8.4) 5.3 L-16 
In/Tl 0.3 1.7 1.0 4.7±2.8 

(0.1) (1.0 1 0 2 0.9) 
Al/U 6.8 1 0 4 1.7 1 0 5 4 10 7 3.0 10~ 3 1.5 

(2.5 10 4) (8.7 1 0 5 8.5 10 5) 
Sc/La 0.7 2.7 0.5 3.5-0.7 

(0.1) (20.0 26.4) 
Y/La 1.1 3.0 4.1 6.7 A-ll 

iO;_ll |2_7 8^41 5^3 L-16_ 

C/Pb 16.0 2.0 1 0 2 2.2 1 0 4 12.0 9.4 1 0 5 4B±27 
(15.8) 

(1.8 10 4) (9.1 1 0 5 3.7 10 4) 
3.4 10 4 (7.5±4.9) 1 0 4 

Ge/Pb 9 .1 10 2 4 .5 3.9 10 3 5.0 10~ 3 2.0 <0.4 A- l l 
(6.9 10~ 2) (50.0 12.2 ) 0.3 L-16 

Sn/Pb 0.2 1.4 157.2 0.4 0.7±0.2 
(0.2) (5.0 5.7) 

Si/Hf 9.4 10 4 2 .1 10 5 1.3 1 0 5 1.5 10 4A-11 

(8.7 10 4 ) (3.6 1 0 5 3.2 10 5 ) 
Zr/Hf 55.0 100 28.5 A- l l 

(46.2) (60.0 28.2 ) 37.7 L-16 
Hf/Th 0.3 0.5 " 2.0 1 0 2 6.5 A-ll 

10.31 112-5 8.0_1 

3.5 10 3 (4.4-3.2) 1 0 5 
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Table 3 (continued) 

As/Bl 10.7 5.9 1 0 2 6.3 
(150.0) (94.5 29.7) 

N/Ta 10.0 2.4 
(10.8) (50.0 1.0 1 0 5 ) 

P/Ta 5.3 1 0 ? 4.2 1 0 3 3.7 10* 
(1.6 1 0 2 ) (2.5 10 4 7.0 10 4) 

Ta/Nb 0.1 1.3 3.4 12.0 0.8 A-ll 
£0 .1J. Ц 5 . 0 25.01 

Te/O 2.0 1 0 " 9 

(2.0 10 9 ) (1.5 10 6 7.3 10 6 ) 
Te/S 3.9 1 0 " 6 

(2.5 10~ 6) (2.5 1 0 " 5 5.3 ) 
Te/W 6.7 1 0 ~ 4 

(4.6 10" 4) (3.4 23.6 ) 
Cr/Mo 60.0 1.4 10 3 14.1 

(7.6) (41.7 3.7 10 3) 
Mo/U 0.6 2.0 2.5.10 3 "7 3.1 1.0 A-ll 

(0.4) (40.0 60.0) 
0.2 2.1 83.4 1.7 A-ll 

_iq. 61 xi • 2 i • 1 1 . 
Cl/I 260.0 7.2 1 0 2 6.4 1 0 3 

(400.0) (1.8 1 0 3 86.7) 105.0 L-16 
Br/J 5.0 19.8 1.7 

_|2.6^ J12.5 i§-7_l _l-3_I;ll6 
1.2 10 ч « -in » 

(4.0 1 0 " 6 3.8 10 6 ) 
Os/Fe 2.7 1 0 " 8 8 .4 10" 6 

(2.0 ю" -6 2 .5 10"') 
Os/Ru 3.'! 10" 3 12.7 

(12.5 1.5) 
Rh/Co 4.0 1 0 " 5 6.5 1 0 ~ 4 

0.3 L-16 

(4.2-0.9) 10" 3 



Table 3 (continued) 

(2.4 Ю " 4 4.2 10~4) 
Ir/Co 4.0 10~ 5 4.8 10"4 

(1.0 10~ 4)(6.10 - 4 8.4 10~4) 
Ni/Fe 1.4 10~ 3 2.0 Ю - 3 2.5 10~ 2 

(2.5 10_4)(5.4 10~ 2 5.5 10~2) 
Pt/Ni 6.7 10 

Pt/Pd 0.5 

3.0 10 L-16 

8.7 10 A-15,16,17 
2.9 10~5L-16 

_i2.0_ 
5.2 1.3 10 L-16 

0.9 L-16.A-11 
* Cosmic bodies distanced from the Sun and hence sea water too are 
enriched with light isotopes, most of all the elements with the small J. 
The Koon is also enriched with light <sotopes t 1 4 " 1 9 ) . 
*«Element concentration is taken from'" ' '. 
*** If element pair Zĵ  and Z, have J,/Ji c l ° s e t o o n e 1* should be taken 
into consideration the relation of Bulticharged ions fractions > з+ > 2+ 
HZ /NT . For example, Cr-Mo and Mo-W pairs have 1.7 and 2.5 
respectively. 

fact by the water originated in соввоа it 1в necessary to suppose that 
each minute about 2*10 т of water is introduced to the Earth, which 
during the 10 years would be equal to the sea water mass 
("1.4*10 т)' . Such a coincidence of an unusual aeteor composition 
and atmosphere glow is, of course, diacuasionable, but supposing it real 
one should predict the difference of the sea water composition from the 
geothermal waters. Into the ocean, which covers 2/3 of the Earth's 
surface and receives continental water, the Bain part of the cosmic 
Batter, falling on the Earth, Bust ingress. 

We should give consideration to mora detailed relative elemental 
f 231 composition of sea water. Certain data l ' permit us to affirm that 

macrocoBpoaition of sea waters совав from the Earth's Bantle with 
geothermal brine. 

In [5] а воге deep analyaia waa done of relative concentration of 
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microelements in sea water and geotheraal brine, from which one can see 
the great difference of microcomposition of the brines and the 
sea-water. Table 3 compares the Kj/K- ratios of sea water and the brine 
of Cheleken peninsula, igneous and granite rocks of the Earth and 
meteorites. Hence, for all pairs of elements-chemical analogs under 
comparison, besides the alkaline elements (due to great J their 
concentration in the Earth is considerably higher than in meteorites), 
in sea water K.,/K2 is greater than in geothermal water and terrestrial 
rocks. For example, Kj/K_ for Mo and U pair does not keep the general 
rule. But this exception only confirms the general rule as in the 
present conditions Ho does not form the steady carbonate complexes and 
in sea water Ho and и cannot be considered as chemical analogs. 

The discovered fact that sea water contains more chemical analogs 
with smaller J than the brines could not be explained by metamorphism 
processes (evaporation and so on). Beside this the enrichment with light 
isotopes of cosmic bodies and sea water was observed, see for 
instance' '. And really, influenced by the light the light isotopes 
must obtain high acceleration at the induced drift. Especially this 
effect must be notable in light elements with the small J. 

It should be noted that for some pairs of chemical analogs K./K, in 
sea water (C-Pb, cl-l, Ho-W, Br-I and others) is not only higher than in 
the brine and in the Earth but even exceeds the K./K. values in 
carbonaceous chondrites like it was predicted above. 

There is no doubt that, if the ocean receives cosmic material 
enriched with elements according to the dependence Kj/K.-f(R), then this 
material can be observed in the atmocphera and not only in form of 
meteors. The Figure represents lg(Ka_/Ke) dependence on 1 - J, where К 
and К - element concentration in aerosols sampled above the South Pole 

f 241 
of ths» Earth l J and in terrestrial rock respectively. These data 
clearly «hows the relative enrichment of aerosols with elements of low J 
values, which agrees with the above statement. 

Apparently other consequences can be given of element separation 
processes in protoplanet nebula. However, the aforementioned facts are 
enough to turn this process froa hypothesis into reality. 

An atteipt to find an analytic expression of K./K.-f(R) dependence 
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demands more careful analysis of additional data. Nevertheless, even in 
the present state this dependence may be used for various objects 
comparison in order to clear up their extraterrestrial origin. 

II comparison of К /K_ in Moon-ground, Earth rocks and GCR 

In I * Ki/ K2 v a i u e s f o r some pairs of chemical analogs of 
moon-ground, sedimentary rocks, lithosphere of the Earth wer 4 compared. 
In that work a greater K1/K. values of the Moon were noted. 

Table 3 compares moon ground with igneous and granite rocks of the 
Earth and the material of three classes of meteorites. For the Moon the 
average K./K- values from three sources: Apollo-11 (A-ll), 12 (A-12) and 
the Moon-16 (L-16) and rms deviation are given. In other cases K-/K_ by 
the result of each measurement is given. These data make clear that the 
moon-ground really, though less than meteorites, significantly differs 
from the igneous and granite terrestrial rocks. The moon-ground like the 
mars-ground (see table 1) by the values of K,/K- take intermediate place 

[26 1 
between the Earth and meteorites. Moreover, in the enrichment of 
the Moon with light isotopes of some elements was found, see above. 

Analysis of the absolute values of element concentrations of the 
Earth , the Moon and meteorites indicates that it is impossible to 
obtain the moon-ground from the terrestrial material with addition of 
meteorites. 

However, the possibility remains that the moon-ground differs from 
the earth-ground due to its bombardment with the galaxy cosmic rays 
(GCR} and with solar energetic particles (SEP). 

In this connection we should consider more carefully the elemental 
composition of these additional nuclide sources. In table 5 the K

x / K
2 

values for GCR and the Sun are presented. These data shows the 
experimental К /К values for GCR considerably differ from those for the 
Sun, which reflects the relative concentration in nucleosynthesis 
products I J. 

г 27—291 
In L J is joted the enrichment of GCR with heavy isotcrss, 

which are the absolute chemical analoge. The aforementioned enrichment 
is though to be connected with different magnetic hardness of the 
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isotopes. Taking this into account, with the aim to compensate the 
mass difference of the elements-chemical analogs under comparison, we 
shall multiply the experimental values of K,/K2 of GCR on a multiplier 
JH_/M-, where M.and M^ are masses of nuclides under comparison. Obtained 
products really became closer to solar values, see for example the pair 
H-Na. However, this difference remains rather significant. 

In this connection we should note the correlation of element 
deficiency in GCR and SEP in comparison to the Sun from their ionization 

Г29 30 36 371 
potential found in L ' ' ' J. This correlation can be explained by 
non-equal fractions of charged atoms - J, if the GCR acceleration take 
place in electric field. Indeed, for some elements under comparison with 
similar chemical activity (especially for noble gases}, the 
multiplication of experimental K./K- values of GCR on two multipliers: 
J H /M and J -./J, gives the product equal to К /K 2 of the Sun. 
Nevertheless, for a whole row of elements under comparison such full 
closeness does not occur. The general feature of these nuclide pairs is 
significant difference of their chemical activity and thus of a 
stability of possible chemical compounds. These differences could , of 
course, be realized only if GCR were accelerated from the medium with 
temperature lower than the binding energy of chemical compounds. We 
would remind you that 1 eV is equal to 11604.5K and the Sun photosphere 
T* 5800K t 3 8l. At present it is known about the existence in cosmos of different r 397 radicals and molecules, see for example l J. However, in a first 
approximation it is enough to compare the formation energies of more 
stable element forms at normal conditions. 

For more propagated elements in Sun atmosphere: H and N (in table 2 
their symbols are put in square brackets] as a more stable form are 
adopted their elemental substances except the oxygen for which the more 
stable is the compound with carbon, i.e. metal oxides can fix the less 
part of oxygen, which can be omitted, Microelements, which symbols are 
not marked have more stable compound with oxygen. 
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Table 4 
Abundance and concentration ratios K_/K_ for some pairs of 

elements chemical analogs in meteors and meteorites 

Objects Z,/Z, * * and authors 
Mg/Ca Fe/Al Fe/Mn Ni/Fe Objects Z,/Z, * * and authors 

Meteors: 
Zeplech 7.8 2754.2 575.4 0.105 
Zeplech 2344.0 4466.8 741.3 0.501 
Kharin 25.7 
Kharin 7.6 15.0 0.100 
Nagasov 11749.0 
Nagasov 4570.0 4677.0 
Millman 11.2 
Meteorites: 
B. Meison 
type H 11.7 27.5 123.0 0.06 
L 11.7 20.0 91.2 0.05 
L L 12.0 17.8 79.4 0.04 
С l 9.1 21.9 97.7 0.05 
С 11 7.9 20.4 134.9 0.06 
С 111 8.5 18.2 169.8 0.06 
A.A. Javnel 
Chondrites 10.0 20.0 112.2 0.05 
Iron meteorites 0.64 22700.0 3026.7 0.095 

The data are taken from [25] 

Table 2 summarizes the values of formation energies (E) at 
normal conditions of mentioned forms of elements estimated by the ' ' 
data. Table 5 gives the values of Y = Ej/E2 Jj/JjIL/Mj factor, which 
takes into account the deviation of K i / K

2 in GCR, determined by 
dissociation, ionization and magnetic separation processes. The 

see 
table 5, shows that they have no great difference. 
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К /K_ = 1 is taken conditionally 

[3) 

The result can be explained by the fact that the concentration of stable 
nucleosynthesis products does not depend on the duration and the final 
time of nucleosynthesis processes. Note that there were not considered 
the Sc-Cr type microelements, which can arise at interaction of 
accelerated nuclides of heavier macroelements with interstellar 
material. In table 5 as an example is given X,/K_ for F-Cl игЛ Br-I. 

The energy dependence of K^/K. in GCR is known. For example, in the 
range of 1-10 GeV per nucleon for some pairs of elements: Cl-Fe, Ar-Fe, 
K-Fe, Co-Fe, Na-Hg and Si-Fe K../K, decrease 1.1 - 2.8 times. The >2+ estimation shows that (Г /J relation, see above, i.e. the relative 
fraction of multicharged ions in Fe and Kg is higher than in elements 
under comparison. For Fe, Kg, Na, CI, Ar and К this fraction is equal: 
0.1,- 0,099; 0.018; 0.075; 0.06S and 0.056, and values of rr3+/J for Fe, 

—3 —3 -3 
Si and Ca are equal: 5.8*10 ; 5.2*10 and 1.8*10 respectively. Though 
these facts imply юге strong acceleration of multicharged ions their 
fraction in a whole amount of ions il too small and does not 
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Table 5 
Abundance ratio K,/K_ for elements chemical analogs in the Sun and 
galaxy cosmic rays - GCR 

Sun GCR GCR.Y Y= -V E2 
evalu-' 
ation) 

(optic 
data £3{\ 

(experimental 
data). V J 2 M*2-

evalu-' 
ation) 

(optic 
data £3{\ 

(experimental 
data). V J 2 •v M 2/ M l 

1 2 3 4 5 6 
He/Ne 0.9 10 4.4 .10 2 1.9*0.2) 10 2(a) (5.1*0.6) 1 0 2 2.67 
Ne/Ar 24.5 10.0 17.5-3.1 (a) 31.8*5.7 1.92 
H/Na 4.4 1 0 5 4.8 1 0 5 1.5*0.8) 10 4(a) (4.6*2.5) 1 0 5 30.48 
Na/K 17.1 20.5 2.9*0.9 (c) 4.8*1.6 1.65 
Na/Rb 9.В 10 3 9.4 10 4 1.5*1.4) 10 4(a,c) (4.0*3.8) 10 4 2.68 
Na/Cs 1.6 1 0 5 (2.3*1.3) I0 4(a,d) (8.3*4.7) 10 4 3.60 
Rb/Ag 13.2 5.0 1.6-1.3 (e) 6.6*5.4 4.13 
Cu^Au 1.2 10 3 3.1 l°_lsl. 2.9 10 ib^dl 8.1 0 3 2.80 
Mg/Ca 17.0 13. 0 8.2*2.5(b) 24.0*7.4 1.63 
Sr/Ba 4.8 3.1 2.0-0.8(c) 2.9*1.2 1.45 
Ca/Ba 1.3 10* 1.2 10 4 (2.7*1.1) 10 4(b,c) (7 2*3 1) 10 4 2.65 
Zn/Cd 8.1 10 2 4.7 io 2 (2.5*i..O) 10 2(a,c) (4.6*3.7) 1 0 2 1.83 
Zn^Hg 6.0 1 0 3 3.5 10 2 ^4.7-3.6^ 10 2^a ic^ .Ll-lzl-ll 10 3 4.74 
Al/Ga 2.3 10 3 3.3 1 0 4 (1.2*0.9) 10 3(a,c) (1.3*1.0) 1 0 4 4.67 
Ga/In 2.0 10 2 1.0 1 0 2 4.10 2(d) 4.10 2 1.06 
Y/La 13.0 20.0 11.5*b.3(c,d) 15.6*7.2 1.35 
La/In 1.95 61.8 5.4(d) 20.6 3.82 
In/Tl 1.0 2.3 (d) 6.0 2.67 
Fe/U* 7.0 10 7 1.0 1 0 7 (g) 1.3 1 0 7 1.30 
Ce^U* 88.3 12-6^91 24.3 1.24 
C/Ge 9.5 10* 1.8 1 0 6 (1.1-0.3) 10 5(a,e) (6.1*1.7) 10 S 5.56 
Si/Sn 2.7 1 0 5 1.9 10 6 (2.4-0.5) 10 5(b,c) (1.1*0.3) 1 0 6 4.39 
C/Pb 4.3 1 0 6 1-Я 1 0 7 (2.8*1.5) 10 6(a,c) (1.8*0.9) 1 0 7 6.38 
Zr/Hf 70.6 1.3 10 2 < 80(c) < 103 1.28 
Zr^Th 2.7.10 2 -iiE.lO^gl 3.8 iO 2 

(1.5*0.7) 1 0 2 

2.38 
N/P 3.6 1 0 2 4.4 10 3 41±19 (b) 4 

3.8 iO 2 

(1.5*0.7) 1 0 2 3.81 
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Table 5 (continued) 

_1 2 3 4 5 6 

P / S b 2 . 1 1 0 * 1 . 0 1 0 5 ( 2 . 6 ± 1 . 3 ) 1 0 4 ( b , d ) ( 1 . 1 ± 0 . 6 ) 1 0 5 4 . 0 1 
Nb/Sb 2 . 9 1 0 . 0 4 . 1 ^ 2 . 8 ( c , d ) 5 . 1 ± 3 . 5 1 . 2 3 

Nb^Ta_5g.g_ 6.4 io 2 il-lzl-li iof{di Ii-2;l-il i0.? 1-1?. 
O/S 36.8 79.1 28.7±2.5 (b) 99.0-8.7 3.45 
S/Se 7.5 10 3 7.2 10 3 (3.0*1.1) 10 3(a,c) (7.1±2.6) 10 3 2.35 
Ho^w__i3.3 15.7 2-2;2-§Iel 12.4*12.3 1.25 
F/Cl 0.2 0.4 3.3*0.9 (b) 9.7*2.7 2.93 
Br^I 7.3 7 . 9*2 . 6_Хс^а^ 19 . 3*6 . 4 2 . 45 
Fe/Ru**4.8 1 0 5 2.0 1 0 6 (2.9*0.2) 10 5(c) (7.4*0.5) 10 5 2.54 
Fe/ОБ 1.3 1 0 4 3.1 10 7 (9.7*6.6) 10 5(c) (2.6-1.8) 1 0 6 2.69 
Co/Rh 2.0 10 4 5.6 1 0 3 9 1 0 2 (b,c) 3 10 3 3.09 
Ni,/Pd 3.7 10 4_ 7.9 1 0 4 2 10 4 XSiEl 2 19.4. 4 . 50__ 

К /K of Rb-Cs can be obtained from if./K, of Na-Rb and Na-Cs 
* In [ 3 0 ' K,/K, for Th-U and Fe is equal to (1-2) 10~ 7. Here for Th-Fe 
and U-Fe K./K is adopted - 1 10~'. In order to equalize K,/K of the 
Sun and GCR, however, for pairs Zr-Th, Fe-U and Ce-V it is necessary to 
take К /К of Th-U >3. 
** Oxides of such elements are unstable in H_ presence 
a _ P l ] _ ь . [32] < c . [33]_ d _ (34) ( e _ f35] ; g _ [30] 

significantly affect che aforementioned picture of relative element 
propagation in GCR. 

In solar energetic particles (SEP) the relative concentration of 
some elements was also measured. For example' ', for He-Ne, Ne-Ar, 0-S, 
Mg-Ca and Fe-Ni(Cu-Zn) a value of K,/K_ is approximately not less than 

2 2.1*10 ,* 30; 48; 6 and 5 respectively. It is interesting to note that 
Г411 the element deficit in SEP with respect to the Sun L J practically does 

not exceed the limiting factor of Y found for GCR. Hence, the mechanism 
of SEP and GCR origin have certain likeness. 

We have no purpose of giving more detailed analysis of GCR and SEP 
origin in present report but we must emphasize that GCR and SEP with 
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respect to the Sun are enriched with heavy elements, see for instance 
K./K- of the pairs: He-Ne, C-Sir Zn-Hg and others. The mechanism of such 
an enrichment differs from the mechanism of element separation in 
protoplanet- nebula. Thus in table 3 some elements (Rb, Ag and others) 
are in numerator and in table b the same elements are in denominator and 
vise versa. Besides, in these tables different pairs of the same 
elements of the same group are given. For example, the Ga-Zn pair is 
considered in table 5 but being its 3-/3. close to one and as it is not 
clearly determined its separation in protoplanet nebula, this pair is 
not given in table 3. 

The question remains whether exists any component of GCR, which 
K-/K_ does not depend on Y. 

The comparison of к /к of the moon-ground and GCR is given in 
tables 3 and 5. It is clear that K./K- of Rb-Cs in the moon-ground is 
higher than in GCR. At the same time K./K- for other pairs of chemical 
analogs, which are similar in terrestrial and moon rocks, in GCR are 
very high <e.g. of C-Pb and others). The comparison of K-/K- of other 
pairs of elements in table 3 and 5 suggests that the difference between 
the composition of the moon-ground, igneous and granite rocks of the 
Earth is not determined by element contribution to the Moon from GCR and 
SEP, which has modern intensity. 

Therefore, earlier supposition * ^that the Moon material accretion 
took place not at the terrestrial but at a more distanced from the sun 
orbit (probably further than the martian's) remains the only explanation 
of the discovered fact. 

In the light of aforesaid (taking into account that the 
great mass of the meteorites is not available for destructive testing), 
sea water and sedimentary rock of the ocean and also material of the 
Moon, which in the near future may become ноге available than the 
meteorites , obtain special scientific importance, as their composition 
differs considerably from that of the Earth. Hence, careful 
investigation of these objects in the light of the above said will 
promote the understanding of the mechanism of the origin of Solar 
System. 
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Нубурков {0.Т- Д12-90-123 
Сепарация элементов до аккреции вещества планет Солнечной системы 
в свете периодического закон* 

Найдено подтверждение сепарации элементов в протопланетном облаке прото-
солнечной системы, С этой целью сравнивали отношения К , / К г концентраций элемен
тов — химических аналогов в веществе Венеры, Земли, Марса и метеоритов. Новый 
подход позволил сравнить К , / К е Земли и метеоритов с соответствующими K t/K^ Ве
неры и Марса, полученными по данным элементного анализа отдельных проб их грун
та. Найдено, что при J J / J , ; > 1 у химических аналогов К , / К . на Венере, возможно, 
меньше или, по крайней мере, соизмеримо, а на Марсе и тем более в метеоритах зна
чительно (на несколько порядков величины) больше, чем у земных пород (J i н J £ — 
доли заряженных атомов в потоке фотонов протосолнца). Обнаружены и другие фак
ты, согласующиеся с зависимостью Kj /К g "'(R). где R — среднее расстояние тела от 
Солнца. В частности, показано, что открытые для доступа космического вещества 
океанические воды имеют более высокие значения соответствующих К j/Kg, чем рас
солы, которые рассматриваются как мантийные флюиды. В этом свете океаническая 
вода — это рассолы, разбавленные космической водой за счет поступления на Землю 
кометного вещества. На основе совокупности многих фактов утверждается, что 
в Солнечной системе имело место явление сепарации элементов и изотопов до обра
зования планет. В свете этого явления выполнено сравнение K]/Kg лунного грунта, 
галактических космических лучей (ГКЛ), солнечных энергичных частиц (СЭЧ) и упо
мянутых выше космических тел. Состав Луны заметно (приблизительно в той же 
степени, как и у Марса) отличается от состава изверженных и гранитных пород Земли. 
Этот факт объясняется образованием Луны на значительно большем расстоянии от 
Солнца, чем R Земли. Показано, что ГКЛ, СЭЧ и космические тела, поступающие 
на Луну, не могли привести к обнаруженному эффекту. 

Работа выполнена в Лаборатории ядерных реакций ОИЯИ. 
Сообщение Объединенного института ядерных исследований. Дубна 1990 

Chuburkov Yu.T. D12-90-123 
Element Separation before Matter Accretion of Solar System 
Planets in the Light of the Periodic Law 

The proofs of element separation in protoplanet nebula of Protosolar system have been 
found. For thia purpose the К ]/K g ratios of concentration of elements— chemical analogs 
in the rock samples of Venus, Earth, Mars and meteorites were compared. The new approach 
enabled the comparison of Кi/Kg of the Earth and meteorites with К х / К г of Venus and 
Mars obtained by elemental analysis of their rock samples. It has been found that at J j /J t >1 
chemical analogs have Ki/K*: on Venus probably less or at least commeasurable, on Mars 
and, especially in meteorites, considerably (several orders of magnitude) greater than in the 
Earth's rocks (J i and Jg are charged atoms fractions in photon Лих of the protosun). Other 
facts, which agree with the relationship K,/Kg-f(R), where R is the average distance of 
a body from the Sun, were found. It is shown, particularly, that sea-water, which is open to 
the access of the cosmic matter, has greater values of respective К, /K„ than the brines, which 
are considered as the mantle fluides. Thus, sea-water consists of the brines with addition of 
cosmic water coming to the Earth with comets. Based on many facts it is affirmed that ele
ments and isotopes separation took place before the planet forming. In the light of this phe
nomenon, Kj/Ke of the moon ground, galaxy cosmic rays (GCR), solar energetic particles 
(SEP) and of the above mentioned cosmic bodies were compared. The Moon composition 
notably differs from the composition of the igneus and granit rocks of the Earth. This can be 
explained by the fact that the Moon was formed further from the Sun than the Earth. It is 
shown that GCR, SEP and cosmic bodies falling over the Moon's surface could not cause 
the discovered effect. 

The investigation has been performed at the Laboratory of Nuclear Reactions, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1990 
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