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ERHAPS the most spectacular meteor fall to be

observed in modern times occurrod on June 30,
1908, at Oh 17m 11s ©U.T. in the basin of the Podkanemaia
Tunguska River, Siberia (60° 55° N, 101° 57/ E), some
500 miles to the north of Lake Baykal'. It was seen in
a sunlit cloudless sky over an area of about 1,500 km
in diameter and was described as the flight and explosion
of a blindingly bright bolide which ‘“made even the light
of the sun appear dark”. The fall was accompanied by
exceptionally violent radiation and shock phenomena.
Although seismic, meteorological and geomagnetic field
disturbances were registered at points around the world
at the time, and descriptive accounts of the phenomens
accompanying the fall were collected from witnesses during
the years following, the first inspection of the place of fall
was not made until 1927. No trace of a crater was found,
though great damage of the forest was still evident due
to thermal and blast effects.

Various hypotheses have been advanced to explain
the massive phenomena as having been caused by a large
meteor, a small comet or a nuclear explosion. Al are
argued cogently, for and against. Estimates of the total
vield of energy, made from the records of the disturbances
already mentioned and from deductions based on blast
and thermal damage at the site of the fall, agree with one
another quite well and place the yield at something in
excess of 1023 ergs, probably about 102 ergs. If this were
the result of a nuclear explosion of some sort, then the
vield of neutrons into the atmosphere with the consequent
formation of carbon-14 from atmospheric nitrogen should
be detectable by analysis of plant material which was
growing at that time. It seemed worth while, therefore,
to make such an analysis, and the growth rings of a tree
were chosen for this purpose.

Phenomena of the Fali

Before reporting the present work it may be of interest
to repeat some of the accounts of the effects of the
Tunguska meteor. The general area of the fall is composed
of taiga with peat bogs and forest and is (fortunately)
very sparsely populated. One eye-witness, S. B. Semenov,
a farmer at Vanovara some 60 km away, told L. A. Kulik,
who investigated the meteor first in 1927 (ref. 2), that he
was sitting on the steps outside his house around 8 a.m.,
facing north, when a fiery explosion occurred which emitted
so much heat that he could not stand it: “My shirt was
almost burnt on my body”. However, the fireball did
not last long. He just managed to lower his eyes. When
he looked again, the fireball had disappeared. At the
same time, an explosion threw him off the steps for several
feet, leaving him briefly unconscious. After regaining
his senses, a tremendous sound occurred, shaking all the
houses, breaking the glass in the windows, and damaging
his barn considerably.

Another observer?, P. P. Kosolopov, a farmer and
neighbour of 8. B. Semenov, was working on the outside
of his house, when suddenly he felt his ears being burnt.
He covered them with his hands and ran into his house
after asking Semenov if he had seon anything, on which
Semenov answered that he too had beon burnt. Inside
the house, suddenly earth started falling from the ceiling
and a piece from his large stove flow out. The windows

broke and he heard thunder disappearing to the north.
Then ho ran outside, but could not see anything.

A Tungus, Liuchetken, told Kulik on April 16, 1927,
that his relative, Vassili Ilich, had some 500 reindeer in
the area of the fall and many ‘‘storage places”. With
the exception of several dozen tamo deer, the rest were
grazing in that area. ‘“The fire came by and destroyed the
forest, the reindeer and all other animals”. Then several
Tungus went to investigate and found the burnt remains
of several deer; the rest had completely disappeared.
Everything was burnt in Vassili Tlich’s storage including
his clothing. His silverware and samovars (tin?) were
molten. Only some large buckets were left intact.

According to Krinov? the dazzling fireball moved within
a few seconds from the south-east to north-west leaving
a trail of dust. Flames and a cloud of smoke were seen
over the area of the fall. Visible phenomena were observed
from a distance as great as 700 km, and loud explosions
were heard after the passage of the fireball at distances
up to 1,000 km.

The first inspection of the site was carried out by Kulik
in 1927 (ref. 2). Trees were blown down over an area with a
radius of 30-40 km. Exposed trees were uprooted with
their roots pointing toward the centre of the explosion in
a radial manner. Additional expeditions by the Academy
of Sciences of the U.8.S.R. were sent in 1928 and 1929-30.
The centre of the explosion area was found to have been
ravaged by fire and searing could be traced to a radius of
15-18 km from the centre of tho explosion. Numerous
holes with a diameter from several to several tens of
metres had been found in the first expedition of 1927;
however, subsequent work including excavations up to
34 m depth did not yield any meteoric material. These
holes were explained later by Kulik as natural formations?.
During 1938-39, an aerial survey was conducted over the
devastated area to assess more completely the extent of
the destruction.

The fall of the meteor resulted in a seismic wave recorded
on the Zoliner—Repsold pendulums of the Irkutsk Magnetic
and Meteorological Observatory!. Subsequent analyses
for the epicentre of the earthquake coincide with the
location of the fall and also established the accurate time
of the event.

In addition, several observatories in Russia and Europe
recorded the barometric waves caused in the atmosphere
by the meteor. The seismic and barometric effects have
been discussed in detail by Krinov?'!, Fesenkov?®, and
Whipple®. The Tunguska meteor also caused a definite
disturbance of the Earth’s magnetic field as registered at
the Irkutsk Observatory and others around the world.
The disturbances were similar to those recorded following
nuclear explosions in the atmosphere.

After the fall of the meteor, the nights were exceptionally
bright everywhere in Europe and Western Siberia. As
far south as the Caucasus, newspapers could be read at
midnight without artificial light. The brightness slowly
diminished and disappeared after a duration of twomonths”.

In comparison, if the fall had occurred in the United
States over, say, Chicago, visible phenomena would have
been noticed as far away as Pittsburgh, Pennsylvania,
Nashville, Tennessee, and Kansas City, Missouri. The
thunder would have been heard in Washington, D.C.,
Atlanta, Georgia, Tulsa, Oklahoma, and in North Dakota.
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The Meteorite Hypothesis

The results of the first investigations of the Tunguska
site led to the belief that a meteorito of very large initial
mass penotrated the Earth’s atmosphero and hit tho
surface, destroying itself in a violent explosion®. Thig
explanation sought to account for the absence of meteor-
itic debris in the fall arca. Since a crater was nover
found, it was wassumed that one might have been
formed in a layer of permanently frozen soil which lost
its form rapidly and could no longer be distinguished after
the first summer.

In the analysis of Fesenkov® all evidence points to a
retrograde orbit around the Sun with considerable inclina-
tion of its orbit to the ecliptic, This is atypical for meteo-
rites derived from asteroidal disintogration. Anothor
interpretation of the motion of the meteor is that it
moved parallel to the Earth at much lower speed, in
which caso its relative speed had to be very low. In view
of the great onergy releasod, the oxplanation of a retrograde
orbit associated with high relative specd is to be preferred
over a slow relative speed which is difficult to rovoncile
with the offeets of the meteor, such as burning the area,
ote.

The Cometary Hypothesis

This hypothesis was proposed by A. 8. Astapovich and
independently by ¥. J. W. Whipplo in 1930 (rof. 6). The
evidonce in favour of a comotary nature of the metoeor is the
motion of the metecorite opposite to that of the Earth and,
the resulting high velocity of an estimated 60 ki /soc® which
vieldod on impact the calculated 10** ergs. Sinco F. L.
Whipple’s comet model® consists of a conglomerato of
frozen ices such as mothane, water and ammonia inteor-
spersed. with solid mineral matter, the meteor or small
comet appears likoly to have exploded above the Earth’s
surface without leaving signifieant traces of matter on
the ground. Based on the observations of the Potsdam
Geodetical Institute which permit the velocity determs-
ination of the shock wave propagated through the atmo-
sphere, the speed of 318 m/sec measured corresponds to
an atmospherie height of 5-6 kin, which is the altitude of
the main explosions of the moteor®:®,

Further evidence favouring a small comet is the unusual
lumineseenco of the night sky immediately after the fall
over Siberia, Russia, and Woestern Europe, but not the
United States or in the southern hemisphere®. Evidently
the dust tail was directed away from the Sun, as oxpected
for comets, and extended in a north-westerly direction
at the moment the main body hit. The dissipation of this
tail resulted in the night sky being brighter initially by
about 50-100 times the normal value, but 10% times less
than daylight.

Abbot in California found that approximatoly from
the middle of July, or 2 weeks after the oxplosion, until
the socond, half of August 1908, the coefficiont of trans-
parency ol the atmospbere was noticeably dopressed?®.
Fesenkov suggested that this was causod by tho loss of
vast amounts of material from tho meteor during its
flight through tho atmosphere, possibly of the order of
soveral million tons of matter?®,

It appears unusual, howovor, that such a comet was
not observed on its collision course with the Earth, as it
should havo been seon unless it approached, from a diree-
tion with very swall angular distanco from the Sun.
Fesonkov estimated the size of the cometary nucleus as
about soveral hundrod metres®, which is perhaps only
one order of magnitude below that of woll-known comets
scon ab great distances.

The Nuclear Reaction Hypothesis
Tn an article by F. Y. Zigel discussing the results of
A. V. Zolotov’s expoditions of the past three years, the
ovents of the Tunguska fall have been re-examined!i.
The velocity of the meteor has always been required to
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bo large in order to account for the release of 102 ergs on
impact. This can be determined from the ratio between
the amplitudes of the ballistic wave caused by the velocity
of the body in the atmosphore and the blast wave caused
by the explosion of the body itsolf.

Zolotov selected trees which had remained standing
and ori which traces of the coffects of both waves remained.
Apparenily, the ballistic wave arrived from the west and
broke only very slender branches, whereas the blast
wave from the north broke large iree branches. From
these results he calculated that the ballistic wave bofore
the main explosion was, in fact, of minor size as comparod
with the blast wave. Eyo-witnesses of the Tunguska fall
recallod that the flight of the meteor was dimuner than
the Sun, corresponding to & veloeity in the atmosphere of
less than 4 km/sec. If the velocity was more than an
order of magnijtude lower than this, then the explosion
could not have possessed the roquired energy for the
explosion.

Those considerations led to the question whether or
not a massive chemical or nuclear release of energy
oceurred at the final break-up of the meteor. The nature
of an explosion ean bo determined by the distribution of
the energy released, one factor being the amount of radiant
onergy emitted.

At 17-18 km from the epicentre, Zolotov found trees
which had boen subjected to a thormal flash and had
started to burn. A natural forest fire was ruled out for
the area. In order to start a fire in a living tree, about
60-100 cal/em? of incident thermal radiation is required.
By calculation the radiant cnergy of the oxplosion was
found to be 1-5 x 1028 crgs., Other energy-yield estimates
for different locations placed the thermal energy of the
explosion between 1-1 and 2-8 x 10%* ergs.

Since the estimated, yield of thermal energy is so close
to the estimate of the total explosive energy, Zolotov
favours a nuclear rather than a chemical explosion.

The Chemical Radical Reaction Hypothesis

In an examination of the records of the fall, tho radiation
flash stands out among the othors discussed by different
authors during the past decades. Specifically, the remarks
by Semenov and Kosolopov of experioneing burning
sensations, and the melting of Vassili Iliech’s motal ware,
appear to confirm tho emission of considerable amounts
of thermal radiation by the explosion.

Vory large chemical high-energy explosions can create
sufficiently intense shock-waves in air which, in turn,
will radiate thermal energy, perhaps sufficient to account
for the fire-setting in the taiga. From the examination
of nuclear explosions, tho phenomena accompanying the
release of large amounts of energy in air are well known!2,
In the case of a nuclear oxplosion and a fraction of a
socond after the detonation, a high-pressure, intensely
hot and luminous shock front forms and moves outwards
from the fireball.

Whilo the disgipation of kinetic onorgy in the Tunguska
explosion probably accounts for tho major portion of
onergy releasod, the reaction with air of vast amounts of
chemical high-encrgy species such as the radieals observed
on comets can be an additional souree of energy. For high
meteor velocities, the relative contribution of chemical
enorgy to the final explosivo break-up will be small,
but for a low-velocity body it may be significant. Theoreti-
cal considerations place the output of energy of a system
using tho recombination energy of chemical radicals
midway betwoen that of conventional chemieal propellants
and nuclear reactions in enorgy released/unit mass.

A vory large chemical radieal oxplogion of the meteor
would account for many of the obsorved phenomona,
Our very limited knowledge of the actual concentration
of radieals on comets, their oxact nature and the mech-
anism of radical reactions make a quantitative ealeulation
of the release of energy by such a model very difficult,
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especially in context with the uncertainties of the exact
orbit of the Tunguska meteors.

The Anti-matter Hypothesis

Discounting any but purely natural phenomensa, it
becomes difficult to construet a model for either a fission
or fusion chain-reaction which would produce the effects
observed. For the former, an almost-critical mass of
fissionable material might be conceived which became
tamped on entering the atmosphere. The tamping would
have to be such, however, as to take the material far
beyond criticality in & very short time to prevent its
disassembly with low yield. The multi-megaton yield
observed, however, coupled with the very low efficiency
known for the best of such devices, would require a large
initial mass—well above the critical mass of normal
density uranium or plutonium. Thus, super-criticality
obtained by tamping alone could scarcely be credited as
the mechanism. On the other hand, to obtain it by
increasing the density of a sub-critical mass by compression
seems equally unlikely, for this must be a result of the
mechanical forces generated by penetration into the
atmosphere.

To obtain the effects from a fusion reaction, a sufficient
amount of deuterium, and possibly tritium, must be
contained in a compressed state and heated to several
million deg. C. It must then be maintained in that state
so that self-heating can carry the reaction to the explosion
stage. Again, it is difficult to conceive of a model for such
a mechanism which is attained merely by entry into the
atmosphere of the Earth.

In searching for other natural means by which a large
nuclear energy yield might be obtained, we are unable
to find one other than the annihilation of charge-conjugate
(‘anti-’) matter with the gases of the atmosphere. Several
objections immediately arise to this hypothosis, all
different from those raised above. No mechanical extremes
are required of the model, however.

The first objection is that no evidence is known for
the existence of anti-matter in the gross state. Other
than as anti-particles produced by high-energy interactions
of ordinary matter with itself or with electromagnetic
radiation, no anti-matter has been observed. This is
understandable in the environment of the Earth, and
so one must look to astronomy for such evidence. The
complete symmetry between the two charge-conjugate
states of matter, however, makos an astronomical test of
an isolated, distant object difficult.

The second problem arises in considering the flight of an
‘anti-rock’ through the atmosphere. If the rock is approxi-
mately spherical with diameter d em and of density
p g/em?, then it might penetrate a distance of dp g/em?
into an absorbing medium before being consumed. The
minimum distance through the atmosphere is about 103
g/em?. Thus, if the density is of the order 10 g/ecms3, then
the diameter of the rock is of the order 100 em. The
number of nucleons in such an object is approximately
$Ad3p, or about 3 x 10%°, and the yield of energy would
be of the order 1027 ergs, rather than 102 as observed.
The fact that the bolide did not reach the surface of the
Earth is ignored in this estimate, and is off-set by the
additional distance due to the inclined trajectory of the
object. The discrepancy factor is, nevertheless, quite
large. In addition, the flight of the bolide would have
exhibited its largest yield somewhere toward the middle
of its path, rather than towards its end—it would have
thinned-down and died out.

A second look at the process tempers these coneclusions,
however. The exceedingly strong radiation shock accom-
panied by heating of the air ahead of the bolide, in
addition to the pressure of electrons and other particles
ejected in the forward direction by the annihilation reac-
tion of complex nucleli with other, different complex
nuclei, would rarefy the atmosphere ahead and greatly
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increase the range. A carefully calculated model for
such a process may be in order. It could be that only a
small fraction of the bolide could annihilate in flight,
but that it remains essentially solid until it reaches a
point where it is travelling slowly deep in the atmosphere.
Here, continued annihilation might heat it to the gaseous
stage and dissemble it explosively, resulting in a final
annihilation as the gases mixed with atmospheric gases.
In any event, the process seems far too complex to dismiss
on the basis of a rapid estimate.

Of the three models for a nuclear explosion, we choose
the annihilation model as a basis for an estimate of the
amount of carbon-14 produced. We must first estimate
the number of neutrons produced/nucloon annihilated.

Annihilation of Anti-rock in the Atmosphere

We have, of course, no information concerning the
state or the chemical composition of the supposed anti-
matter comprising the bolide. Assuming it to be molecular
compounds similar to those of ordinary meteorites, we
ignore annihilation of the electrons, for these would
produce a small fraction of the yield and would form no
neutrons in the process.

The simplest case of nucleon annihilation is that of
pp. Even in this instance, the annihilation is not limited
to S states, and the process becomes complex due to the
various possible angular momentum states in the initial
systom and, various charge states in the final system. The
final system may contain pairs of kaons and various num-
bers of positive, negative and neutral pions. A measure of
the number of charged particles emitted in the annihilation
of pp is given by Horwitz et al.l* as an experimentally
obtained histogram extending from. zero to seven prongs/
event, with a flat maximum in the region of 3-4 prongs.
The high average multiplicity greatly complicates the
gituation because of the many possible quantum numbers
in the final state. Refinements?® in an estimate by taking
into account prn, na and ngp are obviated by the realization
that we may be dealing here with reactions between
complex nuclei and between fragments of such nuclei
as they become broken by partial annihilation. Let us
take four charged pions, on the average, as the basis for
proceeding, two positive and two negative/nucleon pair
annihilated.

The positive pions will decay in the atmosphere, but
the negative ones will, in general, be captured by oxygen,
nitrogen and carbon nuclei. In view of the overall uncert-
ainty in this estimate, we will assume that all of the
negative pions are absorbed at rest by nuclei. A simplified
picture of the process, obtained from the measurement
of prongs produced in stars in nuclear emulsions from
negative pion absorption, is that of the 140 MeV rest
energy of the pion gained by the nucleus, 40 MeV is lost
by fast neutron emission at the time of absorption and
100 MeV is thon lost by Dboiling-off of neutrons and
charged particles in an evaporative process. Taking the
mean energy!® of the prompt neutrons as 12 MeV and
their binding energy as 8 MeV, the mean number of
prompt neutrons is 2. Assuming that the probability
for then boiling off a neutron is the same as that for a
proton, and weighting the probabilities obtained from
prong counts accordingly, we find that two more neutrons
are produced from light nuclei. Thus, four neutrons are
produced per pion absorbed, or eight neutrons per nucleon
pair annihilated. In view of the great uncertainties in
this estimate, we take the number to be 8 + 4. Thus, for
a total energy yield of 10% ergs by nucleon-antinucleon
annihilation and a yield of about 3 x 10-? ergs/nucleon
pair, about (2-7 + 1-4) x 10?7 neutrons would be released
to the atmosphere.

Effect on Atmospheric Radiocarbon Content

We may make some estimates of the effects of releasing
neutrons in amounts such as this in the following way:
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Agsume that every noutron produced is absorbed
in the reoaction “N(n,p)*C, and that the radio-
carbon so produced is rapidly oxidized to carbon
dioxide in the atmosphere. Thus (2-7 + 1-4) x
10%7 molecules of radic-COQ, mix with the atmo-
spheric gases. Taking the total mass of the
atmosphere as 5-3 x 102! g, and the mean carbon
dioxide eontent of the air as 0-030 volume per
cont (though this varies geographically and
seasonally), we readily calculate the atmogpheric
carbon dioxide to contain 66 x 10'7 g carbon
as carbon dioxide. Taking the decay constunt
of carbon-14 as 2:3 x 10-1*m-1, our new radio-
carbon should exhibit 94 x 10-* d m-* g-! of
atmospheric carbon. As the specific activity of
atmospherie carbon is 13-56 + d m~ g-!, this
represents an, increase of some 7 per cent in the
radiocarbon activity!?.

In making this estimate, we have taken the
radiocarbon to be uniformly distributed in the
atmosphere after both vertical mixing and mixing
between the northern and southern hemispheres,
and have negleetod absorption in the ocean and
biogphere. Thus the result is approximate.

An alternative basis for an cstimato of the yield of
radiocarbon by an anti-matter Tunguska explosion is
provided by the data on the yield of this isolope by the
tosting of nuclear explosives in the atmosphere. By
September 1961, the equivalent of 70 MT (1 MT, megaton
TNT equivalent is 4 x 10°® ergs) of fission and fusion
nuclear explosivo was released in air bursts and about
100 MT in surfaco tosta’8. The spocific radiocarbon-level
takon up by plants at thal timo'® was about 25 per cent
above the natural cosmic-ray level of radiocarbon, We
may ostimate an uppsr limit to the anti-matter in the
Tunguska moteor in the following way:

Taking the full 70 MT of air bursts and one-half of the
100 MT of gwface bursts as effective for produecing
70 + 50

25
{ired in the atmosphere producing a 1 per cent rise in
radiocarbon activity.

If, now, the known damage paramecters of the Tunguska
oxplosion arc used as input data for the Nuclear Bomb
Effects Computer, a value of about 30 MT (10% orgs)
energy yiold is obtained (supplement to publication
cited as ref. 12), which at 2 BeV (3 x 10-? ergs) por
nucleon pair consumed and 8 + 4 neutrons yield gives a
total neutron yiold as shown above, of (2.7 & 1-4) x 10%
neutrons, Since the meteor disintegrated in tho atmo-
sphere, this would be expected to give (2-7 + 1-4) x 102
carbon-14 atoms. Therefore, if the Tunguska explosion
had beon due to anti-matter, it should have behaved like
35 MT of fission or fusion fired at the same latitude (say
the U.S.8.R. test site at Novaya Zemlya, 74° N, 150° k)

+ 001

—0-01

Deviation

— 002

—0-03

radiocarbon, we have or 5 MT of fission or fusion

NATURE

May 29, 1965

VolL. 208
Deviation of C-14 Specific Activity from 95 the
B Count-rate of NBS Oxatic Acid (1890)
o]
e — e o —————— Qe e e e —— —]
o
o o4 [}
2] I~} o
- o
° o
I Data corrected for frectionation
and Suess effect.
o . One Std. Dev.= 0.005
L 4 i | 1 1 1
1870 1880 1890 1900 1910 1920 1930
Date
Fig, 2

and, using our experience with bomb test carbon-14 as a
basis of comparisor, we can estimate the possible anti-
matter contont of the 1908 Siberian meteorite.

Radiocarbon Analysis

A section of a 300-year-old Douglas fir (Pseudotsuga
taxifolia), the ‘Hitchcock’ tree, which fell in the winter
of 1951 in an unsurveyed area (35° 15° N, 111° 45’ W)
of the Santa Catalina Mountains about 30 miles from
Tueson, Arizona, was provided by the Laboratory for
Tree-Ring Research of the University of Arizona, Tucson.
About 20 g of wood was stripped from each ring for the
interval of 1870-1936, and tho radiocarbon contents of
the rings of each fifth year were measured, excepting for
the years around 1908. Table 1 contains the results
oxpressed as percentage doviations from the international
standard reference level of 1890 (0:95 of the count-rato
of the National Burcau of Standards oxalic acid), Column
IV contains carbon-13 mass spoetrometric corroctions in
per mil deviation from the Chicago P'DB standard.
(The mass spectrometric analyses wore provided with
the help of R. Melver and W. Sackett ol the Jersey
Production Research Co., Tulsa, Oklahoma.) The
porcontage deviations in carbon-14, corrected by those
figures for isotopic fractionation®, are contained in coluinn

1 + §1C .
me——l) x 100, Finally, the
last column contains the results corrcetod again for the
effects of dilution of atmospheric carbon dioxide by the
burning of industrial fossil fuels?*. We have used Fergus-
son’s?! values for this correction (the Sucss effect).
Additional tree-ring samples were meas-

V, according to

Percent Deviation from the Reference Level of

Percentage deviation

Data corrected for Isotopic
fractionation.

e Corrected Values

x Uncorrected Values

-3

X
i 1 1 1 i i

® Refarence | evel of 1890

ured from an oalk tree (samples provided by
T.. Wood, Inst. Geophysics, Univ. Calif.,
Los Angeles) cut in 1964 near Los Angoles
{(in the Simi Valley, 34° 12’ N, 118° 48° W),
They arc given as UCLA-776, 778, 779.

The results of columns V and VI arce
plotted in Figs. 1 and 2, respectively.

As some 90,000 counts were takon on
each sample, the standard deviation in each
. value is of the order 0-005 of that value.
Experienee has shown that the equipment
o s sufficiently stable, so the statistieal un-
cortainty is the principal one.

1890

Discussion

1870 1880 1890 1800 1910 1920
Date
Tig. 1

1 Inspeclion of Table 1 yields some interest-
1030 ing points: of all the numbers in columns 11
and V, only those values for the yoar

1909 exceed the reference-lovel. Tn column 'V,
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Table 1. RADIOCARBON CONTENT OF TREE-RINGS AROUND 1908%2

I I 11X v A\ VI
%, 814C correc- % 8MQ
Sample  Year % HC Per mil ted for isotopic corrected for
No. uncorrected it fractionation  Suess effect

UCLA-769 1873 0 —22-3 0 +0'05
UCLA-768 1878 —-0-72 —230 ~075 —0-67
UCLA-767 1883 —0-31 — 229 —0-32 -0-22
UCLA-766 1888 —1-64 —22-2 - 1-69 ~1:59
UCLA-765 1893 —-375 — — —360
UCLA-782 1804 —1-26 —_ — —-111
UCLA-763 1898 —0-48 —22-9 —0-50 —-030
UCLA-760 1903 —0-28 —23-1 —0-29 —-0-02
UCLA-761 1908 —-1-07 — — -0-72
UCLA-778 1908 —0-96 — — ~0-61
UCLA-774 1909 +0-28 —22-6 +0-25 +0-60
UCLA-776 1909 +0-17 —24-8 +0-16 +0-51
UCLA-780 1910 —-0-70 —22-2 —-0-78 ~0-38
UCLA-779 1910 —1-50 —24-5 —1-565 -1-20
UCLA-762 1913 —-0-81 — 226 —0-84 —0-45
UCLA-764 1918 -1-20 —22-4 —~1-24 —0-69
UCLA-770 1923 -0-63 —230 -0-66 +0-04
UCLA-771 1928 —2-40 —22+4 — 245 —1-58
UCLA-772 1933 -1-50 —22:0 — 1565 -0-27

two others also exceed the standard, but by relatively
small amounts. When a mean value is calculated for the
points in a forty-year span around 1909, the latter exceeds
this value by about 1 per cent.

A second point to be noticed is the presence of strong
fluctuations in the years around 1893 and 1928, as well
as the presence of other, lesser ones at other times. These
fluctuations are typical and appear to be real®-2¢, though
they rarely exceed 2 per cent, as reported in the literature.
In the results presented here, they are all negative with
respect to the reference-level, though this is due to the
arbitrary choice of the standard level. They are, evidently,
due to variations in the carbon-14 burden of the local
atmosphere. Such fluctuations tend to obseuro the small
effoct searched for here and make its value the more
uncertain.

At least three other instances are known in which
strong positive deviations appear to occur?t. They are
A.D. 1687 (+2-65 per cent), 1297 B.Cc. (+2:23 per cent),
and 1925 B.C. (+2-34 per cent), where the deviations are
taken with respect to the average values obtained from
39 oak samples ranging in age from 110 to 203 years prior
to 1960. When compared with the deviation of the oxalic
acid standard, however, which was +4-99 4+ 1-06 per cent
with respect to the oak average, these deviations are also
negative.
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Although there are uncertainties in both the estimate
of the expected radiocarbon yield on the basis of the anti-
matter hypothesis for the Tunguska meteor and in any
extra radiocarbon burden of the atmosphere in the years
following 1908 as reflected in this work, the data do yield
a positive result. Thoy appear to set an upper limit of
1/7 for the fraction of the meteorite’s energy which could
have been due to anti-matter.
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ARMS CONTROL IN THE ARCTIC
By Dr. TERENCE ARMSTRONG

Scott Polar Research Institute, Cambridge

RECENT proposal by Alexander Rich and Alek-

sandr P. Vinogradov (Bull. Atomic Scientists, 22,
November 1964) has revived interest in the possibility
of using the Arctic to further the cause of arms control.
The proposal they make may be put briefly thus. The
Antarctic is at present the only sizable part of the world
where international treaty forbids militarization and
provides for inspection. In order to promote the growth of
mutual trust between the United States and the U.S.S.R.,
and specifically to gain more oxperience of inspection
procedures, it is suggested that the Arctic might bo a useful
area to consider next.

The Arctic is chosen because it has less military value
than most other regions, and need not involve many coun-
tries—at first only the United States and U.8.8.R., the
nearest point of contact of which is, of eourse, in the Arctic.
The territory to be included in the agreement may be
increased by stages. First, it is suggested that Alaska and
an equivalent area of north-east Siberia, possibly including
all, or part of, Kamchatka, should be subject to inspection.

Secondly, Greenland might be added, by agreement with
Denmark, together with a further equivalent area of
Siberia on the Soviet side. Finally, the rest of the Arctic
zone might be brought in, involving the participation of
Canada, Norway and Sweden. (The authors do not define
their “‘Arctic zone”’, probably deliberately, but it is likely
that Finland would also be involved.)

The stipulation is made that inspection should verify
the absence of nuclear weapons and delivery systems only,
and should not be concerned with radar installations or
military bases as such. In other words, the proposal is
primarily for a ‘“nuclear-free zone’.

This proposal bears a close resemblance to one put
forward to the United Nations in 1957 and 1958. In
1957, the western powers proposed to the Disarmament
Commission a measure to safeguard against the possibility
of surprise attack. This measure was an inspection system
to cover the whole of the United States, the U.S.8.R. and
Canada; but if this were unacceptable, an Arctic area,
closely similar to that in Rich and Vinogradov’s stage
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