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Abstract. A study is made for the search of superheavy nuclei in Marjalahti, Eagle
Station and in other pallasite olivines. The olivine crystals are calibrated for heavy
ion track lengths by using heavy ion beams from cyclotrons. The calibration for
ultra heavy ions which are presently not available with sufficient energy to produce
volume tracks in olivine crystals, is based o~ Katz and Kobetich model of track
formation. The length spectrum of volume tracks, revealed by puncturing them
with focussed Nd-glass laser beam, is measured and the abundances of different nuclei
groups are calculated. Partial annealing has been used at 430°C for 32 hr which
eliminates the interfering tracks due to nuclei of atomic number Z < 50. During
the scanning 4 cms olivine crystals, about 360 long tracks of uranium group as well
as two very long tracks have been found. If these tracks belong to superheavy nuclei,
the relative abundance of super heavies is found to be 6 × 10-xl in galactic cosmic
rays.
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1. Introduction

Experiments to search superheavy nuclei were started by Fowler et al (1970) in stacks
of thick layers of nuclear emulsions exposed to galactic cosmic rays by using balloon
flights. The main problem with such experiments (using direct registration of ultraheavy nuclei from galactic cosmic rays) was a very low flux of Z >~ 30 nuclei in the
cosmic rays. Therefore, in order to increase the statistics ill such experiments it is
necessary to expose large areas of these detectors in space for a long time. In experiments with nuclear emulsion and high polymer dielectric track detectors, only 23
tracks due to actinides have so far been observed and not a single track was found
which could be attributed to nuclei o f Z >~ 110 (Fowler et al 1977; Shirk and Price
I978). The detailed analysis of these results shows that the identity of tracks due to
nuclei of atomic number lying between 76 and 100 does not possess good statistics
and moreover there may be a possibility of overestimating the atomic number of
cosmic ray nuclei in this region (Meyer 1979).
Another possibility of search for superheavy nuclei in galactic cosmic rays is connected with the silicate crystals from meteorites which have been exposed for a period
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of several million years in spare (Maurette et al 1964). The advantages of using
silicate crystal detectors from meteorites are that (i) they register nuclei with Z >/20
only, (ii) they are less prone to annealing which may occur during their space life and
(iii) they are exposed in free space for millions of years. The density of tracks due
to Th-U nuclei is estimated to be up to 104 traeks/cms and up to I03 traeks/em3 in the
silicate crystals located at a depth of ~< 1 cm and ~< 5 cm respectively, from the preatmospheric surface of the meteorites exposed for more than 10s years. The silicate
crystals from pallasites are most suitable for the study of vva cosmic ray abundance
as (a) crystals of big size are available in pallasites with good transparency, (b) the
chemical composition of pallasitic olivine is homogeneous within the same pallasite
and, (c) the exposure ages of pallasites are in general higher than those of stony meteorites. For the above reasons we have selected Marjalahti, Eagle Station and other
paUasites for our study. Moreover the olivines are embedded in a nickel--iron
(Ni-Fe) matrix in pallasites; hence the space erosion of these meteorites should be
less as compared to lunar rocks and stony meteorites.
In the first stage of our investigation, about 20 stony-iron pallasites were surveyed
for high VH track density. From these pallasites Marjalahti, Lipovsky Khutor and
Eagle Station (possessing locations 2 to 6 cm below the preatmospheric surface)
were selected for further investigations of superheavy nuclei (Otgonsuren et a11976).
The olivine crystals were used for calibration of heavy ion track lengths (from Ti
to Xe) by using accelerated heavy ion beams from cyclotrons (Perelygin et al 1977).
The etching figures of capillar inclusions and dislocations in olivine crystals were
studied extensively so as to distinguish them from nuclear particle tracks (DolivoDobrovolskaya et al 1976). In earlier experiments of Lhagvasuren et al (1980a)
more than 5000 tracks due to Z / > 50 cosmic ray nuclei were measured in 0.7 cms
meteoritic olivine. About 150 tracks longer than 700/zm were attributed to Th-U
group.
In the present study about 4 em3 olivine crystals from Marjalahti and Eagle Station
pallasites are annealed at 430°C for 32 hr. The length spectrum of volume tracks is
measured. The abundances of different nuclei groups are calculated from volume
track length spectrum using our L-Z identification method.

2. Experimentalprocedure
To accelerate the search for superheavy nuclei tracks we have used the method of
partial annealing of tracks (Kapuscik et al 1966). This method corresponds to an
increase in the threshold for revealing the tracks and hence decreases the length of
tracks of VVH nuclei and erases completely the tracks due to low ionizing particles.
Thus partial annealing permits use of abundant crystals of small size and possibly
extends the measurements to other meteorites in which large crystals are not found.
The annealing behaviour of tracks of different heavy ions Cr, Fe, Ge, Kr, Xe, Pb and
U are studied in detail and suitable annealing conditions are inferred. At tempera=
tures >/480°C the annealing behaviour ofXe, Pb and U tracks is found to be irregular
(Lhagvasuren et al 1980b). The annealing at 430°C for 32 hr erases the tracks completely due to nuclei of Z ~< 50 and hence reduces the surface track density (Yadav
1982). This allows us to handle crystals located near the surface of meteorites.
The olivine crystals are etched in WO 4 solution. For revealing volume tracks in
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olivine crystals we have used the focussed Nd-glass laser beam which produces holes
accompanied by systems of cracks. It may be mentioned here that this procedure
provides more effective revealing of tracks with ! ~ 150/~m than of tracks with
l < 150 ~m (Yadav 1982),

3. Results and discussion

The optimal annealing conditions for partial annealing has been obtained from our
detailed annealing study and is found to be at 430°C for 32 hr. All the tracks due to
nuclei Z ~< 50 are eliminated completely under these annealing conditions. The
tracks length of Xe ions from accelerator has been measured and found to be
(26 =1: 3.5)/%m for these annealing conditions. The total etchable track length for
very heavy nuclei which are not available at present with sufficient energy to produce
volume tracks in crystals, has been calculated theoretically as a function of atomic
number and is shown in figure 1 (Katz and Kobetich 1968). The experimental points
for accelerated Fe, Zn, Ge and Kr ions are also shown. In figme 1, the etchable length
of tracks after annealing at 430°C for 32 hr has also been shown as a function of atomic number. The etohable track lengths are estimated for various groups ofnuclei.
It is found to be 140-180 ~m for Pt-Pb group, 180-240/~m for Th-U group and 350400 #m for nuclei Z ,,v 110. This criterion has been used for the assignment of
charge to etched tracks from galactic cosmic rays in olivine crystals.
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The results of our measurements of the volume track lengths in about 3 cma olivine
from Marjalahti are presented in figure 2. Three hundred long tracks of length
180 ~ 1 <~ 240/,m are attributed to actinide nuclei on the basis of our L-Z semiempirical estimation. In addition, a very long track of length 365 pm is also found
during our measurements. The track length spectrum of volume tracks measured
in 1 cm a olivine crystals from Eagle Station is presented in figure 3. About 60 long
tracks which can be attributed to the uranium group and a very long track of 350 pm
have been found. The track length of two long tracks is higher than the mean etchable track length of Th-U unclei by a factor of 1.5-2, hence these tracks cannot be
included in this group. Thus these tracks may be attributed to nuclei with Z ~ 110.
The length of the conical part of tracks of w,rious heavy ions has also been
measured and found to be (11.5 4- 2) pm for Xe ions and (67.5 4- 5)/~m for U group
tracks. In the case of these two long tracks the length of conical parts is (120 4- 10)
pm and (110 + 10) pm respectively, which agrees with the supposition that these
tracks are due to superheavy nuclei (Z ,-~ 110) (Yadav 1982). We have also studied
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TaMe 1. Abundances of VVH cosmic rays relative to Fe-group.

Charge groupg

Abundance calculated
from our measurements
(meteoritic crystals)

Solar system

57 ~ Z-~< 62
62 ~-~ Z ~ 74

2.8 × 10-a
8.7 :< 10 -6

3.2 ;.~ 10-6
2.0 × 10-6

74~.~.Z~. 83
90 ~ Z ~ 96

4.6 ..'<, 10 -6
9.7 ;< 10-"

8,7 :,'< 10-~
1.0 ~ 10-"

abundances

the effect of partial annealing on the length of the conical part of Th-U nuclei. About
1 g olivine is annealed at (382 ~ 2)°C for 72 hr. For these annealing conditions the
Kr ion tracks are shortened down to (18 ~ 3) ~m, but our measurements show that
the length of the conical part for U-group tracks (which have a total track length of
380-430/,m) after annealing remains the same.
To ensure that these two tracks are due to nuclear charged particles the orientation
of these tracks has been measured with respect to the main crystallographic axes of
olivine crystals. We have found that the orientation of tracks does not coincide
with primary or secondary crystallographic directions. This excludes the possibilities of both the channeling effect which increases the etchable track length and of
etching figures due to capillar inclusions in olivine crystals (Dolivo-Dobrovolskaya
et al 1976).
We have scanned 4 ema olivine crystals from meteorites. Abundances of different
charge groups relative to Fe-group are presented in table 1. The solar system abundances are also shown in table 1 for comparison (Cameron 1973). The results show
general agreement except for the uranium group nuclei which shows a drastic increase
by a factor of ~., 10. Recent experiments with lexan detectors have also shown that
uranium group nuclei are over-abundant by a factor of ~ 9 in galactic cosmic rays
compared to solar system (Shirk and Price 1978). These results show that cosmic
ray sources are greatly enriched in uranium group nuclei if our charge assignment is
correct.
We have also studied olivine crystals from Luna-16 and Luna-24 probes. The track
density of the Fe group nuclei is found up to >~ 108 traeks/em2 in these crystals. In
some of these c r y s t a l s the track density due to Z >/30 nuclei is found to be up to 105
tracks/em~ which is higher than that in meteoritic olivine (Yadav 1982). Further investigations with lunar olivine crystals are in progress.
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