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of the very strong short-lived cobalt and manganese activi-
ties in these same iron samples. A particularly rigorous
chemical separation, designed to remove all elements other
than iron, was made on a more recently activated specimen;
this precipitate, now 10 months old, has already departed
from the 47-day period and is now going into one much
longer.

These facts assure us that Fe" has been formed through
Fe'4(d, p)Fe55 with the activity probably leading to stable
Mns~ either by positron emission or by X-electron capture.
An absorption curve on one of the old samples (unfortu-
nately very weak) shows that the radiation has a soft
component with half-thickness'3 to 5 mg/cm' of aluminum.
This suggests the existence of an internally converted
gamma-ray.

It is too early to give a reliable value for the half-life of
this activity. The observed decay curves, which are still
going through the transition interval from the 47-day
period to the long period, set a lower limit of 1 year for the
half-life. A comparison of the intensities of the 47 day and
the longer activity (assuming equal cross sections for their
production and equal ionizing powers for their radiations,
and allowing for the abundances of the primary isotopes
involved) predicts that the half-life will exceed 10 years.
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Stability of Uranium and Thorium for Natural Fission

The question of the occurrence of possible natural fission
processes among the heavy nuclei is one of consid'erable
importance to both nuclear physics and geophysics. The
characteristics of the neutron-induced splitting of the
uranium and thorium nuclei which have recently been
studied so intensively by many workers seem to indicate
that a naturally occurring explosion process probably
would form radioactive isotopes of elements of medium
atomic number with convenient half-lives. Further, the
emission of neutrons by uranium in the artificial process
suggests that .neutron emission might accompany the
natural process. Finally, natural fission might be detected
by disparities between the results of the various calcula-
tions of the age of the oldest rocks based on the observed
abundances of the elements and the intensities of the
ordinary radioactive emissions from uranium and thorium.

It is the purpose of this letter to point out how well
evidence on these three points excludes natural fission. In
all of the numerous experiments which have been done on
the neutron-produced activities of uranium and thorium
control separations must have been made without neutron

irradiation to exclude the possibility of contamination by
natural activities. In order to have definite data for a
typical calculation for this type of evidence the experi-
ments' 2 on extraction of radioiodine from irradiated
uranium were repeated with 0.90 mole of uranyl nitrate
which had not been disturbed chemically for at least five
years. The iodine, extracted by adding a little solid iodine
to a slightly acidified aqueous solution of the uranyl
nitrate, shaking with CC14, and precipitating AgI in a thin
layer was counted in a screen wall counter so no beta-
radiation harder than 20,000 electron volts would have
been missed. The result was zero within 20 counts per
minute. If it is assumed that each ten explosions produced
at least one radioactive iodine on the average this result
requires that the half-life for natural fission be at least as
long as 10"years. Similar results must apply for the other
elements which have been separated, so we can conclude
that natural fission to produce any of the radioactive
elements found in the artificial process must correspond to
a half-life of the order of or greater than 10'4 years. A
similar test was performed on thorium with the same results.

In order to investigate possible natural neutron emission
from uranium and thorium a BF3-filled counter was sur-
rounded with paraffin and standardized with 200 mg of
RaBr2 mixed with Be powder. Seven and one-half moles of
uranium salts were found to give less than two counts per
minute whereas the Ra-Be source in the same position gave
4600 counts per minute. If it is assumed that the Ra-Be
source gives 17,000 neutrons per second per millicurie, '
the half-life for fission must be at least as large as 10'4 years
if at least one neutron were emitted per explosion. Similar
measurements on a smaller amount of thorium gave a
lower limit of 5 &(10i3 years.

The agreement between the uranium and thorium age
determinations on old rocks and the agreement of these
with other estimates of the age of the oldest strata, e.g. ,

the Sr ':Rb' ratio found by Hahn, Strassmann and
Walling4 in, lepidolite from the Canadian shield indicate
that the age of the earth is at least 2)&10' years and that
no fission process with a half-life less than 5)(10' years
occurs, unless uranium and thorium have been or are now

being generated by some terrestrial process. In the absence
of any evidence for such a generation we must conclude
that the half-'life for any possible fission exceeds 5&109
years.

Consideration of all these points leads to the conclusion
that no fission similar to those induced by neutron absorp-
tion can occur naturally for either uranium or thorium at a
rate greater than that corresponding to a half-life of 10'4

years and that no natural fission of any sort has a life less
than 5X10' years.
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