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nepenblr•H B.n. H llPo ~7 - 10667 

Ycpe11HeHHble no apeMeHH pacnpocTpaneHHOCTI ranaXTHqecxHx 
KOCMHqecXHX nyqeA c z > 50, nonyqeHHble np11 HCCll8llOB8HHIDt 
Dn•BMBOB K3 MeTeopKTOB 

npe11CT8Bll8Hbl pe3)'nbT8Tbl RCCnellOB8HllA ran&ICTH'lecXRX llOCMH'l8CXIX 
IUl8p UO Tpell8M, C03118B88Mb1M HMR B "OlllBllHllX 11.'.3 M8TeOplT08 i\18pbl!n8XTH, 
Hrn CTelwR. HaMepeHo 15oiree 3000 TpeKoa 11nHHoA cahlwe 140 MKM (-o6-
nacTb Z 2;50). B npe11nonol!leRHH, qTo o6naCTH 11nHH cne11oa 740-900 MKM 
coOTB8TCTBY8T rpynna aaep ypaKa-Top•A, noiry~eHo y110BJJeTaopHTen&Hoe· 
cornac•e pacnpocTpaHeHHOCTel ranaxTH'lecx•x XOCMHqecx•x nyqeA 
I sneMellTOB COllH8'1HOI CHCT8Mbl B 1111an111ao11e 8TOMHblX HOMepoa z OT 50 
110 02. 

Pat5oTa BblnOllH8H8 B nat5opaTOP•• lUl&pHbllt peaKu .. A OHRH. 

DpeapllllT oa.. .... euoro ucTllT)'T& Qepnu •ccae.IO-a. JlyCSu 1977 

Ferelygin V.P. et al. E7 • 10667 
Average Abundances of Galactic Cosmic Rays 
with Z>OO from Studies of Meteoritic Olivines 

I!)' applying th.e selective etching ~echnique to oli­
vines from MarJalahti and Eagle Station meteorites over 
3000 tracks longer than 150µm have been found to be due 
to galactic cosmic ray nuclei with Z>50. The data on the 
track distribution arc compared with the known values of 
the relative abundances of t~e50<Z~92 elemer.ts in the 
solar system. Satisfactory agreement is obtained assuming 
the group of the longest 720-900µm tracks to correspond 
to the Th-U nuclei. 

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

l_:eprlDt of tbe Joint lastitute for Nuclear Reaearcb. Dubna 19'1'1 



I. INTRODUCTION 

Studies of the atomic number distribution 
and energy spectra of the VVH component of 
galactic cosmic rays are extremely compli­
cated due to the low intensity of this com­
ponent, about 4xl0-4 of· the intensity of 
the Fe group nuclei. 

Systematic studies of VVH nuclei were 
initiated in 1967 by Fowler et a1./ 1/ who 
carried out experiments using nuclear emul­
sion stacks exposed in ballones in the upper 
layers of atmosphere. Since 1969 similar 
studies have been performed by the groups of 
Fowler, Price, Walker and Fleischer with 
nuclear emulsions, polymer foils and Cheren-
kov detectors/2~ . 

However the total exposure time for the 
100 years of these intensive studies does not 
exceed 3-4 m-2 y~ar sr. To increase consi­
derably the sensitivity of such investiga­
tions one should expose in space for a long 
time tens and hundreds of square meters of 
nuclear track detectors. 

Another method of investigating the VVH 
component of cosmic r«/~ makes use of the 
capability of extraterristrial silicate mi­
nerals to detect and record for several tens 
and hundreds of million years the tracks 
of galactic nuclei with z > zo/3/, 
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Simple estimations show that one cubic 
centimeter of silicate crystals from the 
surface layers of the meteorites having an 
exposure age of 10 7 - 10 8 years contains. 
hundreds and thousands of tracks due to the 
thorium-uranium nuclei/4/. however in the pre­
vious studies of hyperstenes from Johnstown 
meteorite ls/ and lunar pigeonite/6/ only three 
tracks of Z>80 nuclei have been identified. 
However the total number of the tracks of 
VVH nuclei measured in refs~S.6/ is only several 
times smaller than the number of the tracks 
revealed in experiments based on the direct 
recording of galactic cosmic ray nuclei. 

II. STUDIES OF THE TRACKS OF VVH 
NUCLEI IN OLIVINES 

Here we present the results of our studies 
of the tracks of VVH nuclei in silicate crys­
tals from meteorites, obtained since 1974/4,'. 

The aim of these experiments has been to in­
crease significantly the experimental sensi­
tivity to the VVH component of galactic cos­
mic rays. 

The studies were carried out using trans­
parent homogeneous crystals of olivines from 
pallasites. Olivine makes 70\ of the pallasite 
volume, the crystal size usually amoun­
ting to several millimeters. 

At the first stage of these studies a to­
tal of over twenty pallasites have been exa­
mined and a few samples located very closely 
to the preatmospheric surface of these mete­
orites have been found/~10~1n these latter 
papers it has been shown that Lipovsky, 
Marjalahti, Pavlodar and Eagle Station me-
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teorites have locations with the density of 
Fe group tracks of 106 - l.Sxl0 7 per cm 2 

of olivine crystals. 
The studies of the tracks due to VVH 

nuclei required a significant improvement(io/ 
of the etchin£ technique proposed by Krishna­
swami et a1.l 11~the umambiguous identifica­
tion of these tracks against the background 
of dislocations and capillar inclusions/12/, 
the calibration of meteoritic olivines with 
accelerated ions ranging from Ti to Kr and 
xe/10,13/, and the detailed studies of the 
thermal fading of old and new tracks in 
these crystals /8,9/. 

Our previous studies of the VVH tracks 
detected in 62 mm3 of olivines from the 
surface layers of Marjalahti meteorite, car­
ried out in 1976, permitted the determina­
tion of the relative abundances of the Z>OO 
nuclei, averaged over the exposure age of 
this meteorite equal to 175 million years/lo/. 
The present investigations of olivines from 
Marjalahti and Eagle Station meteorites are 
an extension of these studies. ~e have selec­
ted, mounted in epoxy and polished over 
600 crystals ?2 mm in size of olivine from 
Marjalahti meteorite. The crystals had the 
density of the VH nuclei tracks of 
(4-6)xl0 6per cm 2 .We have also examined seve­
ral dozens of 1 mm crystals of Eagle Station 
meteorite with a density of VH nuclei tracks 
of (5-1S)xl0 6 per cm 2 • 

The etching of these crystals was carried 
out in hermitically closed ampules at 100-
llD° C for a period of several days (refs ,/8,10~. 
In the crystal volume tracks of VVH nuclei 
were revealed in natural cracks, capillar 
inclusions and dislocations inside the crys-
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tals/lo/,Olivines without such structural de­
fects were irradiated perpendicularly to 
their surface with 7.3 MeV/nucl. Xenon ions, 
or with 40Ar and 40ca ions with a fluence of 
1014 cm-2 and energy of 300 MeV through se­
veral slits with a 15-20µm width and 150-
200µm spacing. Such a procedure permitted 
a rather efficient revealing of VVH tracks 
inside the crystal volume. 

The microscopic examination of the crys­
tals and measurement of the tracks were done 
at a magnification factor of 500-1500 X. 
All the tracks longer than 40,.an were measu­
red. To reveal the total etchable length of 
the inner tracks, the repeated etching of 
the crystals was used/tor, 

III. RESULTS AND DISCUSSION 

Fig. 1 shows the length distribution of 
the 1905 tracks measured in 100 mm 3 of olivi­
nes from the surface parts of Marjalahti me­
teorite. The distribution of the lengths 
of the 370 tracks revealed in the 16 mm3 
volume of olivine from Eagle Station is 
presented in fig . 2. It should be noted that 
in the region of L> 300µm about 50% of the 
tracks went beyond the crystal edges. As 
follows from figs. 1 and 2, the track length 
distributions of cosmic ray nuclei in olivi­
nes from Marjalahti and Eagle Station meteo­
rites (having exposure ages of 175 and about 
50xl06 yr, respectively) have similar shapes. 
In order to increase the statistics for the 
heaviest component of the VVH nuclei we 
have examined an additional amount of 180 mm3 
of Marjalahti olivines with a track density 
of 4-Sxl06 per cm 2 .In this case only the 
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tracks longer than 260µm were measured. 
Fig. 3 shows the results of this examination 
together with all data obtained previously. 
It follows from fig. 3, the total Marjalahti 
olivine crystal volume examined amounts to 
280 mm3 and the number of the measured tracks 
of L>260µm is 1564. 

N~..-....---~.....-~--~--~~ ....... ~ ...... ~--~.....-~ ...... --. 
160 

MAAJALAHTI OLIVINES 
VH troclc d. (4+~ crn-2 

IN=1564 V='lllJwwJ 

Fig. 3 

The main difficulty in deciphering the 
measured spectra of the track lengths is the 
establishment of an unambiguous correspon­
dence of the etch?.ble track lengths to the 
atomic numbers z of VVH nuciei. In ref.fio/ 
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two versions of deciphering track length 
spectra have been proposed. First, by a 
semiempirical extrapolation of the data on 
the etchable length of the tracks due to 
the accelerated nuclei ranging from 'fi to Kr 
into the z region of gzl'9(In this approxi­
mation (taking into account the partial 
facing of the tracks of VVH nuclei) the 
track lengths of > 560itm correspond to the 
region of Z ~86. The total number of such 
tracks is 275. If one takes into account 
thu processes of slowing down and fragmen­
tation in meteoritic matter, the abundance 
of the z > 86 nuclei relative to the .Fe nuclei 
is 9.7xlo-7 which is in agreement with the 
data obtained by Fowler et al / 1• 21. 

According to another assumption/lit/ that 
only 720itm tracks are due to the U group nuc­
lei one can compare the relative abundances 
of different g~oups of VVH nuclei and ele­
ments of the solar system1 1 ~The results of 
this analysis shown in table I indicate that 
the abundances of VVH nuclei and the ele­
ments of the solar system agree within a fac­
tor of 0.36-2.5. In terms of this extrapo­
lation only one track longer than lllOµm 
(fig. 3) is due to a Z>97 nucleus (the low­
energy portion of the track went beyond the 
crystal boundaries). The absence of tracks 
longer than 1.4 mm in the spectra shown 
in figs. 1-3 allows one to set the upper 
limit of the abundance of hypothetical super­
heavy el~ments <Z~llOl in galactic cosmic rays 
at 2.sx10-9 of that of the VJ1 nuclei. Se­
cond, in agreement with ref. lit/ it is pos­
sible to set the upper limit of the flux 
of magnetic monopoles of g=n037 e/2) in the 
region of n<::4 at 3x10-19 cm-2 s sr. 
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TABLE I 
The Abundance of Cosmic Ray Nuclei of Z>50 

Chargl' 
groups 

Track lengths, Number AbundMce of Abundance in 
µm of cosmic ray nucl. solar ~stem/14/ 

backs ~/20<Z<::IO Nz /20<Z<30 

!)() < z .s fi:l 140-260 889 0.8x 10-5 2.0x 10-5 

6:J< z~ 74 260-420 1244 4.4-, rn-6 2.0Y 19-{j 
74< z::H4 420-700 ()Ii.} 2.6x 10-fl 8.7x 10-fl 

90$.Z:S.96 720-1000 58 l.9x 10-7 1.1 y 10-7 
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